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Xcelite.,

The name to connect with.

Handtools for electronics?
Get Xcelite from Cooper.
The Xcelite range is truly phenomenal.
For example, there are 38 patterns \§

of pliers alone —including 13 genuine "miniatures” %
Xcelite handtools are made to exacting tolerances.
They're rugged and longlasting.
Most important of all, they're designed specifically to do the
jobs you do. Individual tools and kits are at your distributors now.
Go and see them!

The Cooper Group PO Box 728 Apex NC 27502 USA Tel (919) 362-7510 Telex 579497
BOKER CRESCENT " LUFKIN®NICHOLSON " PLUMB” WELLER " WISS® XCELITE
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Do youremember the CB fad? Six years ago
Americans jammed the air waves as every-
body discovered the fun of personal commun-
ications.

But like all big fads, CB soon died. People
hung up their mikes and gave CB back to the
truckers who started the fad in the first place.

The personal communications fad is now
back with an entirely new concept. TalkTalk is
a headphone with a boom mike that lets you
talk hands-free with someone else blocks
away. Your voice activates a transmitter.
When you stop talking, the transmitter auto-
matically shuts off and you receive. The
transmitter, receiver and power supply are
located in a small case thinner than a pack of
cigarettes which you wear clipped to your belt
or placed in your pocket.

SAFER THAN HEADPHONES

You hear the receiver through an adjustable
headphone which you comfortably wear over
yourright or left ear. This leaves one ear free to
hear the sounds around you—much safer for
outside activities than the popular stereo
headphones.

You can now communicate, hands-free and
in safety, while you cycle, hike, jog, work or
play. It works for up to one-half mile and all on
a single 9-volt battery that lasts up to 8 hours
under typical use. But there’s much more.

An antenna circles the headphone so
there's no ugly wire protruding from the top of
your head, and you keep your conversations
private because the range is reduced to a
block. But if you want to reach out to the unit's
half mile range, simply unhook the antenna
wire from its clamp and presto, you have an
ugly wire protruding from the top of your head.

UNIT CAPTURES SIGNAL

TalkTalk was built in Japan with the same
technology used in professional communica-
tion systems. For example, the system uses
frequency modulation (FM) as opposed to the
amplitude modulated signal used in CB. CB
frequencies tend to get crowded —with power-
ful stations often talking on top of each other.

TalkTalk

Not true with FM. The system's FM receiver
uses a “capture effect” to reject all other sig-
nals. You hear only the one signal closest to
you. You capture a clear, crisp, easy-to-hear
transmission. And since the Federal Commu-
nicatons Commission has set aside the Talk-
Talk’'s frequency of 49 megahertz for 100
milliwatt maximum power, no other higher
power station will bury you. But wait. There's
even more.

EVEN CLIP IMPRESSIVE

A voice-activated sensitivity switch lets you
adjust your boom mike for all outside noise
conditions—low for a motorcycle and medium
or high for a bicycle. And a two-staged volume
control lets you securely adjust the volume
level with no fear of accidentally moving it.

You can keep the system’s 6-ounce case in
your vest pocket or clip it to your belt with its
removable pager-styled clip. In fact, even the
clip is impressive. It's a heavy-duty device that
can be slipped off when you want to keep the
unit in your pocket.

The boom portion of the mike is malleable.
That means you can bend it in any direction
and it will stay there. Wear the mike close to
your mouth, far away, or even bend it out of the
way completely.

LONG LIST

Use your imagination. We used ours and
came up with over 100 activities that make the
TalkTalk useful or fun. Sure, the obvious ones
like cycling, hiking, sports, work and play came
easily. But how about using a pair in a shop-
ping center to keep in touch? Or keeping in
contact with your home while you walk the
dog? TalkTalk can be used for outdoor trea-
sure hunts, by tour directors and ski instruc-
tors. The list goes on.

There are five separate channels to choose
from. If you order a pair, we'll send you a
matched frequency set. To order more on that
frequency simply specify the frequency on
your reorder form.

TalkTalk is not cheap. In fact its high price
may at first frighten you until you realize that

www americanradiohistorv com

The world’s first hands-free consumer
mobile communication system lets you
keep in touch while on the go.

TalkTalk is not a toy but a professional voice-
activated FM transceiver similar to systems
that sell for more than a thousand dollars.

TalkTalk is manufactured by Standard
Communications—an established manufac-
turer of professional two-way communications
systems —assurance that your modest invest-
ment is well protected. The TalkTalk was de-
signed for rugged use but if service is ever
required, Standard’s convenient service-by-
mail center is as close as your mailbox.

GIVE IT A WORKOUT

When you receive your unit, really give it a
workout. See how far you can transmit with the
antenna up or down. Use it in a shopping
center, on a bike ride or in your factory. See
how comfortable it feels and how safe you feel
with one ear free to hear outside sounds. Then
decide if you want to keep it. If for any reason
you are not satisfied, return your unit in its
original condition within 30 days and we'll
refund your money in full including $4.00 post-
age and handling.

Sometimes we discover a product that really
is fun yet opens up a new dimension in con-
venience and utility. The TalkTalk is just that
product. Order a pair at no obligation, today.

To order, send a check or money order or
credit card hoiders call toll-free 800 228-5000
(In Nebraska call 800 323-6400). When order-
ing, please use order number (shown in par-
enthesis) for faster service. Unit comes com-
plete with 9-volt battery, complete instructions
and a one-year limited warranty. Please add
$4.00 for postage and handling and lllinois
residents add 6% sales tax.

TalkTalk per unit $119.95 (4010RE01)
Send $1 for the new JS&A catalog and see our
other advertisement in this issue.

o PRODUCTS

One JS&APlaza, Northbrook, lll. 60062
(312) 564-7000 (© JS&A Group, inc.,1982
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Why use their flexible discs:

Athana, BASF, Control Data, Dysan, IBM, Maxell, Nashua,
Scotch, Shugart, Syncom, 3M, Verbatim or Wabash

when you could be using

high quality error free discs?

8" SSSD IBM Compatible (128 B/S, 26 Sectors)

Product Description

8" SSSD Shugart Compatible, 32 Hard Sector

8" SSDD IBM Compatible (128 B/S, 26 Sectors)

8" DSDD Soft Sector (Unformatted)
8" DSDD Soft Sector (128 B/S, 26 Sectors)
8" DSDD Soft Sector (1024 B/S, 8 Sectors)

8" DSDD Burroughs B-80 Comp., 32 Hard Sector

5%" SSSD Soft Sector (Unformatted)
5%" SSDD Soft Sector w/Hub Ring
5%" SSDD 10 Hard Sector w/Hub Ring
5%" SSDD 16 Hard Sector w/Hub Ring
5%" DSDD Soft Sector w/Hub Ring
5Y%4" DSDD 10 Hard Sector w/Hub Ring
5%" DSDD 16 Hard Sector w/Hub Ring

SSSD = Single Sided Single Density; SSDD = Single Sided Double Density
DSDD = Double Sided Double Density

Memorex Flexible Discs...The Ultimate in Memory Excellence

Quality

Memorex means quality products that you can depend
on. Quality control at Memorex means starting with the
best materials available. Continual surveiltance through-
out the entire manufacturing process. The benefit of
Memorex's years of experience in magnetic media pro-
duction, resulting, for instance, in proprietary coating
formulations. The most sophisticated testing proce-
dures you'll find anywhere in the business.

100 Percent Error Free

Each and every Memorex Flexible Disc is certified to be
100 percent error free. Each track of each flexible disc
is tested, individually, to Memorex’s stringent standards
of excellence. They test signal ampiitude, resolution,
low-pass modulation, overwrite, missing pulse error
and extra pulse error. They are torque-tested, and
competitively tested on drives available from almost
every major drive manufacturer in the industry includ-
ing drives that Memorex manufacturers. Rigid quality
audits are built into every step of the manmanufacturing
process and stringent testing result in a standard of
excellence that assures you, our customer, of a quality
product designed for increased data reliability and
consistent top performance.

Customer-Oriented Packaging

Memorex’s commitment to excellent does not stop
with a quality product. They are proud of their flexible
discs and they package them with pride. Both their
packaging and their tabeling have been designed with
your ease of identification and use in mind. The desk-
top box containing ten discs is convenient for filing and
storage. Both box labels and jacket labels provide full
information on compatibility, density, sectoring, and
record length. Envelopes with multi-language care and
handling instructions and and color-coded removable
iabels are included. A write-protect feature is available
to provide data security.

Full One Year Warranty — Your Assurance of Quality
Memorex Flexible Discs will be reptaced free of charge
by Memorex if they are found to be defective in materials
orworkmanship within one year of the date of purchase.
Other than replacement, Memorex will not be respon-
sible for any damages or losses (including consequential
damages) caused by the use of Memorex Flexible
Discs.

Quantity Discounts Available

Memorex Flexible Discs are packed 10 discs to a
carton and 10 cartons to a case. Please order only in
increments of 100 units for quantity 100 pricing. We
are also willing to accommodate your smaller orders.
Quantities less than 100 units are available in incre-
ments of 10 units at a 10% surcharge. Quantity
discounts are also available. Order 500 or more discs
at the same time and deduct 1%; 1,000 or more saves
you 2%; 2,000 or more saves you 3%; 5,000 or more
saves you 4%; 10,000 or more saves you 5%; 25,000 or
more saves you 6%; 50,000 or more saves you 7% and
100,000 or more discs earns you an8% discount off our
super jow quantity 100 price. Almost all Memorex
Flexible Discs are immediately available from CE. Our
warehouse facilities are equipped to help us get you
the quality product you need, when you need it. If you
need further assistance to find the flexible disc that's
right for you, call the Memorex compatibility hotline.
Dial 800-538-8080 and ask for the fiexible disc hotline
extension 0997. In California dial 800-672-3525 ex-
tension 0997. Outside the U.S.A. dial 408-987-0997.

Buy with Confidence

To get the fastest delivery from CE of your Memorex Flexible
Discs, send or phone your order directly to our Computer
Products Division. Be sure to calculate your price usingthe CE
prices in this ad. Michigan residents please add 4% sales tax.
Written purchase orders are accepted from approved govern-
ment agencies and most well rated firms at a 30% surcharge
for net 30 billing. All sales are subject to avallability, acceptance
and verification. All sales are final. Prices, terms and specr-
fications are subject to change without notice. Out of stock
items will be placed on backorder automatically uniess CE is
instructed differently. Minimum order $50.00. international
orders are invited with a $20.00 surcharge for special handling
in addition to shipping charges. All shipments are F.O.B. Ann
Arbor, Michigan. No COD's please. Non-certified and foreign
checks require bank clearance.

Mail orders to: Communications Electronics, Box 1002,
Ann Arbor, Michigan 48106 U.S.A. Add $8.00 per case or
partial-case of 100 8-inch discs or $6.00 per case or partial
case of 100 §%-inch mini-discs for U.P.S. ground shipping and
handling in the continental U.S.A. If you have a Master Card or
Visa card, you may call anytime and ptace a credit card order.
Order toll-free in the U.S. Call anylime 800-521-4414. If you
If you are outside the U.S. or In Michigan, diat 313-994-4444.
Order your high guality, error free Memorex discs today.

Copyright 1982 Communications Electronics™

www americanradiohietory com

CE quant.
100 price
per disc ($)
2.09
2.09
274
3.14
3.34
3.34
3.34
1.94
2.34
234
2.34
3.09
3.09
3.09

Part #

3062
3015
3090
3102
3115
3104
3092
3401

3481

3483
3485
3491

3493
3495

High Quality
Error Free

Order Toll-Free!
(800) 521-4414

In Michigan (313) 994-4444

For Data Reliability—Memorex Flexible Discs

™

Al COMMUNICATIONS
ELECTRONICS™

Computer Products Division

854 Phoenix [ Box 1002 3 Ann Arbor, Michigan 48106 U.S.A.
Call TOLL-FREE (800) 521-4414 or outside U.S.A. {313) 994-4444
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Letters

ON THE COVER

A lot has been written recently
about ‘‘sonic imagers.” Those
devices modify the sound repro-
duced by your stereo system so
that it appears to come from out-
side of, behind, and even in front
of your two speakers—in fact, the
speakers almost seem to dis-
appear. To find out how you can
build your own stereo image ex-
pander for under $100, turn to
page 45.

STEREO AND BILINGUAL programs are regu-
larly broadcast on Japanese and German TV.
The German system uses a technique quite dif-
ferent from the former, and it may be better.
Learn how it works, starting on page 58.

HOW ACCURATE is your test equipment? You
can check out volt- and chmmeters—as well as
oscilloscopes—with the easy-to-build pocket-
size calibrator described, beginning on page 49.

Radio-Electronics, (ISSN 0033-7862) Published monthly
by Gernsback Publications, Inc., 200 Park Avenue South,
New York, NY 10003. Second-Class Postage Paid at
New York, N.Y. and additional maiting offices. One-year
subscription rate: U.S.A and U.S. possessions. $13.00,
Canada, $16.00. Other countries, $20.50 (cash orders
only, payable in U.S.A. currency.) Single copies $1.25.
© 1982 by Gernsback Publications, Inc. All Rights
reserved. Printed in U.S.A.

Subscription Service: Mail all subscription orders,
changes. correspondence and Postmaster Notices of
undelivered copies (Form 3579) to Radio-Electronics
Subscription Service, Box 2520, Boulder, CO 80322

A stamped self-addressed envelope must accompany alt
submitted manuscripts and/or artwork or photographs
if their return is desired should they be rejected. We
disclaim any responsibility for the loss or damage of
manuscripts and/or artwork or photographs white in our
possession or otherwise.

As a service to readers, Radio-Electronics publishes available plans or information relating to newsworthy products, techniques and scientific and technological developments.
Because of possible variances in the quality and condition of materials and workmanship used by readers, Radio-Electronics disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.
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VIDEO ELECTRONICS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

SONY’S COLOR
PRINTER

Sony dropped the other shoe in its crusade for electronic still photography by showing
its ““Mavigraph’* color printer. That color printer is intended to be a companion to the
Mavica magnetic-disc still camera Sony demonstrated for the first time last year. Mavica
stores 50 pictures in video form on a tiny disc for playback through a TV set. The
Mavigraph home printer uses a heat process to make color prints from the magnetic
disc by using special dye-transfer sheets. Although a commercial version will make
larger prints, the home Mavigraph will provide 3x4-inch prints, taking five minutes
each to make at a cost of about 50 cents each for materials. Sony estimates the Mavi-
graph printer will cost $600 to $700 when it is introduced; that is tentatively scheduled
for 1983.

VIDEODISC
SPINNING

They may not be spinning the way they’'re supposed to, but videodiscs are in a mad
whirl following two major events reported in this column in the June 1982 issue of
Radio-Electronics. The first was the dropout of IBM and MCA from the optical-disc
race, leaving Pioneer and North American Philips as the LV format's virtually exclusive
managers. The second event was RCA'’s reduction of $150 in the suggested list price
of its new CED player model to $349.95, with the identical former model selling at
$299.95 and very often below.

Combined with the recent and not notably successful Japan-market debut of the
laser optical system, what effect will those developments have on the as-yet-unintro-
duced Japanese grooveless capacitance VHD system, scheduled for introduction here
at midyear, and earlier on the Japanese market? The initial signs are that they're close
to devastating. VHD was designed as a sort of middie-ground system, with many of the
special effects of the optical technique and a price closer to CED. But that design was
based on two assumptions: (1) A highly successful market for special-effects discs,
and (2) CED players selling at around the $500 level. Those assumptions have not been
born out.

JVC, the originator of the VHD system, announced the “indefinite postponement’’ of
its Japan-market debut, blaming “stagnant consumer demand” and “the sluggish
market situation.” Earlier, JVC's parent Matsushita Electric (Panasonic and Quasar in
the U.S.) presumably had decided to delay manufacture of VHD players. U.S. introduc-
tion of the system had been planned shortly after midyear by General Electric,
Matsushita, Quasar, and Sharp. Now it seems likely that at the very least there'll be a
relatively long postponement of marketing.

SPACE WARS

Videogame wars may be fun, but they're aiso dead serious, as a recent federal appeals
court ruling showed. The appeals court in Chicago, in effect, ordered an injunction on
sales of the Odyssey videogame cartridge, K.C. Munchkin, on the grounds that it might
infringe on Atari's popular Pac-Man. North American Philips Consumer Electronics
notified its dealers that it won't accept any more orders for Munchkin, presumably at
least until the Supreme Court rules on the injunction, or the actual copyright-infringe-
ment trial is completed. R-E
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“No one else ‘We've got great news for people thermocouple, the D 804 delivers fully-

P who've heen holding out for a high compensated readings in °C from
glVCS you quality, high performance DMM at = if]f()°c- to + 1265°C, for checking
| moderate price; Fluke's new nine- cating and refrigeration systems.
?S ma-n y - function model D 8M is now available Peak hold feature captures
unctions in at select electronics supply stores. transients: A short-term memorv in
ahandheld With a suggested 1.8, price of only  the D&M captures and holds the peak
DMM %249 and features you won't find in any reading of a motor starting current.
. other handheld DMM, the D 8M is an 1And more: 0.1% basic dc accuracy,
exceptional value. Here's why. conductance, 26 measurement ranges,
Now youcan Logic level and continuity hattery, safety-designed test leads and a
move up tO testing: A real timesaver for one year parts and labor warranty. A
Fl ke” troubleshooting passive circuits in pea's,  full line of accessories is also available
u . cables, relay pancls and the hke. The to extend the measurement capabilities From the world
D 801 has a switch-selectable audible of yo/l{kDMM leader in DMM’s.
tone and visual symhpls to indicate sk your dealer about the ow i
continuity or logic levels. powerful, versatile ) 84 and the rest of gne fx e"‘;e dCSlgned
Direct temperature readings in  lukes new Series D line of low-cost ' you.

°C: Used with any K-type digital multimeters.

Suggested U.S. list price If your dealer doesn’t carry Series D
technical data circle No. 15 Multimeters yet, call this number. We'll be : FLUKE :
12%}5-%//%304 happy to tell you who does. 1-800-426-9182 o
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WHAT’S NEWS

GE “branding” diamonds
for identification

From General Electric comes
the report that their scientists
have developed a novel tech-
nique for “branding’ diamonds,
nature’s hardest material. The
new technigue is fast, conve-
nient, and non-destructive. The
“brand” is absolutely invisible
under normal conditions.

The researchers use an ion
implanter to create an invisible
mark inside a diamond. That in-
strument emits a beam of
charged atoms (ions). It is
normally used to create regions
of different conductivity in sili-
con chips. When the silicon is
bombarded with the beams, the
ions penetrate its surface (are
“implanted’) and create a
modified region just below the
surface.

To create a desired pattern on
a diamond, a custom-made mask

| is placed over one of its sur-

faces before it is exposed to the
beam. The ions then create a
patterned region with an electri-
cal conductivity different from
that of the surrounding area.
To reveal the hidden pattern,
the diamond is given an electro-
static charge by rubbing it with
a piece of silk, or by using a
corona-discharge  apparatus.
The charge is held in the region
where the ion pattern is im-
planted—or everywhere but that

region,

depending on the
charging method.

The diamond is then dusted
with a special powder, which
clings to the charged region
only, revealing the distinguish-
ing pattern. The powder is then
wiped away with a cloth and the
pattern disappears.

The new method could be a
boon to jewelers, diamond
owners, and potice. (Identifying
stolen diamonds is difficult.
Thieves remove them from their
settings and group them with
similar ones.) Jewelers could
implant a distinctive mark in
each diamond sold, photo-
graphing it and giving a copy to
the customer, while keeping
one copy for the record.

Tactile communicator
aids the handicapped

The Helen Keller National
Center’'s Research Department
has developed a new signalling
system that alerts deaf/blind
persons to such incoming sig-
nals as a ringing doorbell or a
telephone. A form of paging
system, the Tactile Communica-
tor uses a transmitter about the
size of a clock-radio and a
pocket receiver that imparts a
vibratory sensation when a sig-
nal is received.

The transmitter has five in-
puts: three for high-priority de-
vices such as telephone, door-

“BRANDED"” DIAMONDS CAN be identitied quickly and conveniently, The
distinguishing mark (actually, an area of altered electrical conductivity) is
normally invisible (left). To make it visible (right), the diamond is given an
electrostatic charge and dusted with a special powder. That outlines the
branded region—here, a heart-shaped pattern.

la

THE TACTILE COMMUNICATOR, with which the deaf or blind may receive
signals they could not otherwise see or hear, at ieft; the pocket receiver at right.

bell, or smoke detector, and two
for any other desired use, such
as oven timer or burglar alarm.
A button on the transmitter per-
mits the user to tap out code
messages to a deaf or blind per-
son in the same house or yard.

The receiver has a low-power
motor that causes the wearer to
feel a vibration when a signal is
received. For a fire alarm, a
single vibration is felt every haif
second, for the doorbeli, two
pulses 2¥2 seconds apart, and
for the telephone, a puise every
four seconds. When the fire sig-
nal is received, it obliterates all
others.

A battery-saving circuit is a
special feature of the device.
The receiver turns itself on for 5
milliseconds to ‘“listen” for a
signal. If none is received, it
turns itself off for 100 milli-
seconds. That lengthens battery
life 20 times, so that an ordinary
9-volt alkaline battery can power
the receiver for more than 75
hours continuously.

The system uses the new
handicapped persons frequency
of 43.64 MHz. Price is $300.

Further information may be
obtained from the Helen Keller
National Center, Research Dept.,

111 Middle Neck Road, Sands
Point, NY 11050.

Zenith urges that FCC
authorize teletext

Stating that ‘in principle,
Zenith supports the concept
that a single technical standard
is usually desirable for major
broadcast services,” Zenith
Radio Corp. nevertheless has
urged the FCC to authorize
commercial teletext operations
in the U.S. and let the technical
problems be solved by competi-
tion in the marketplace.

“It is not even presently
known whether there is a viable
market for teletext service in the
United States,” Zenith com-
mented at an FCC hearing on
the subject last February. For
more than three years, a special
EiA teletext committee com-
posed of the nation’s leading
experts has addressed the
standards issue and has failed
to reach an agreement on even
the broad system parameters of
a preferred technical standard.

The basic issues concern the
need or desirability of high-

continued on page 12
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It all makes sense. If you wear your digital
watch most of the time just adding an alarm, a
chronograph, and even an hourly chime might
make it more appealing. But adding a radio,
that tops it all.

The Advance Digital Watch Radio is exactly
that —a full-featured digital watch with a built-in
AM radio that lets you listen to music, news
and sports anytime, anywhere—all with a
sound so powerful that you'll shake your head
in disbelief.

Remember your surprise the first time you
listened to a Sony Walkman or to one of the
new headphone radios? Remember the sound
quality, the deep bass response and the crys-
tal clear highs? That's what you'll discover
from that little sound package on your wrist.
But wait, there’s more.

NO EASY TASK

Keeping the radio small and powerful was
no easy task. It involved new technology and
some pretty clever thinking. For example, the
volume control is located on the headphones
and there is no on/off switch. Just plugging in
the headphone jack turns on the radio.

The 2 milliamp circuit gives you over 100
hours of play from your radio—all from just one
commonly available silver oxide battery. A
separate battery runs your watch for over a
year. But the features don't stop there.

The AM radio tuner is attached to a thin flat
disc that you tum with your thumb. Stations
come in clear and crisp and despite the tuner's
small size, the stations are easy to fine tune
thanks to a highly directional Hitachi radio an-
tenna which has a low signal-to-noise ratio.
But what about the watch?

FULL-FUNCTION WATCH

The Watch Radio is a full-function LCD digi-
tal alarm, chronograph timepiece with hourly
componentry. The watch is an impressive pro-
duct that could alone be worth $49.95.

Now, when you add the powerful AM radio
and a set of samarium cobolt high fidelity
headphones, only then can you appreciate the
real value of the Watch Radio. Samarium
cobait, a space-age material, reduces the
weight of the headphones, provides outstand-
ing frequency response and replaces the need
for the bulkierironmagnet traditionally usedin
today’s smaller headphones. The combination

of both the samarium cobalt headphones and
the unique circuitry is one of the break-
throughs that has made this product possible.

With the lightweight headphones, you also
get a small ear plug headphone which lets you
monitor your radio without drawing too much
attention to it. It's really a cheap listening
device that makes a perfect accessory be-
cause you can easily carry it with you in your
pocket or purse.

Now you can jog or play most sports without
having to lug a cassette recorder or AM radio
around. Just plug the long headphone wire
into your watch and select your entertainment.
At sporting events, while walking your dog,

You can easily change the battery after 100
hours of use. The small opening to the right of
the dial (shown in the photo at the bottorn) is a
sound port for the watch chime and alarm.
riding your bicycle or even waiting in line at the
checkout counter, you've always got your
entertainment with you. Think of it. Now to
check the weather you can use your watch.

We suggest you order an Advance Digital
Watch Radio on our 30-day, no obligation trial.
We realize that it is impossible for you to ima-
gine the incredible sound and the watch qual-
ity until you personally wear and use it. So,
when you receive it, give it a real work out. Use
it while you shop, work or play. Take it with you
on a trip. See how handy itis when you want to
check the weather or sports results.

WWW americanradiohistorv com

Digital
Watch
Radio

When people see you plug stereo
headphones into your digital watch,
they may wonder. Walkman, move over.

The samarium headphones and the Digital
Watch Radio produce a strong sound you'll
find hard to believe.

But the most fun is watching the reactions of
people who see you listening to your digital
watch or seeing their expressions after they
hear its powerful sound on your headphones.
It's a product that people will find hard to be-
lieve —even in today's electronic revolution.

It after your testing you're not convinced that
the Advance Digital Watch Radio is even more
than we've described, no problem. Return
your watch and headphones for a full refund
including your $3.00 for postage and handling.

GREAT VALUE PACKAGE

But with all its advanced technology and
sophisticated electronics, the Advance Digital
Watch Radio is probably one of the greatest
values we've ever offered in one complete
package. A digital watch, a built-in radio, a
handsome set of samarium cobalt head-
phones, a cheap ear plug headphone plus the
batteries—all for $49.95. Each watch comes
complete with a one-year limited warranty and
all batteries. Just open up your package, plug
in the headphones and you're ready to go.

The Watch Radio offers us the opportunity
to add some fun and everyday practicality to
our life—all ata very reasonable price.

Technology keeps marching on. So, we
wouldn’'t be surprised if the Advance engi-
neers are working on the TV version of their
new watch. And you won't be too surprised
either—once you personally hear the phen-
omenal sound from their radio. Order your
Digital Watch Radio at no obligation, today.

To order send a check or money order to the
address below or credit card holders call toll-
free 800 228-5000 (In Nebraska call 800 323-
6400). When ordering, please use order num-
ber (shown in parenthesis) for faster service.
Please add 3.00 for postage and handling and
Illinois residents add 6% sales tax.

Digital Watch Radio $49.95 (2040REO01)

Send $1 for the new JS&A catalog and see our
other advertisement in this issue.

0 PRODUCTS
O THAT
> W THINK

One JS&A Plaza, Northbrook, Ill. 60062
(312) 564-7000 (© JS&A Group, Inc.,1982
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_NewfromNRI}
The first at-home training in
'videocassette recorder repair
with exclusive videotaped lessons.

Learn Video/Audio Servicing...
includes RCA state-of-the-art VCR,
NRI Action Video lessons,
plus full training in
color TV and audio repair.




Learn as you work with equipment
you keep.

Now, you can learn the hottest,
most wanted skill in home entertainment
elzctronics. .. servicing and repairing
videocassette recorders and video disc
players. Well over 2 million units have
already been sold and the demand is just
starting! Already, qualified VCR techni-
cians are in short supply. .. people are
waiting up to a month for VCR repair.
Good jobs at good pay are going begging.
And NRI can get you in on the
action with convenient
and effective at-home
training.

Choice of
Specialized
Training

NRI offers you
three Master Courses in
Video/Audio Servicing,
each complete, each with
equipment and training

for the specialty you want.
Each course thoroughly
prepares you for color TV
plus audio and video equipment.
Then, you take the specialized

hands-on training on the equip-
B ment you select.

You can get specialized
audio experience as you build your
own AM/FM stereo system com-
plete with speakers. Or gain
real bench experience with
E hands-on TV training as you
build a 25” (diagonal) fully-
| computerized, programmable
| color TV and professional test
| instruments. Or train with

g your own RCA videocas-
sette recorder and NRI's
exclusive Action Video
servicing lessons on
videotape.

State-of-the-
Art VCR

This modern VCR
features high-technology de-

tuning, remote control, three re-
cording speeds with up to 6-hour capa-
city, high-speed visual search, built-in
clock/timer, memory rewind and audio
dubbing capability. Direct drive motors
and azimuth recording give outstanding
picture reproduction.

It's yours to keep, as part of your
training. You'll not only use it to learn
operation and servicing techniques, but
to play the absorbing NRI Action Video
lessons that come as part of your spe-
cialized training. In word and picture,
you'll learn theory, construction, and
service procedures, see them explained
in graphic closeups. And you get this
unique training only with NRI!

Learn at Home
at Your
Convenience

No need to quit your job or tie up
your evenings at night school. No time
away from your family or expensive
travel. NRI comes to you. You are a class
of one, getting both theory and practical
hands-on training backed up by our
staff of experienced educators.

NRI the Pros’ Choice

More than 67 years and a million
and a half students later, NRI is still the
first choice in home-study schools. A

www americanradiohicstory com

sign with electronic pushbutton

national survey of successful TV repair-
men shows that more than half have had
home-study training, and among them,
it’s NRI 3 to 1 over any other school.
That's because you can’t beat the
training and you can’t beat the value.
Only NRI combines exclusive fast-track
training techniques with modern state-
of-the-art equipment to give you the skills
you need for success quickly and easily.
Only NRI offers such complete train-
ing with so many timely options for
specialized bench experience. Send for
our free catalog and get all the facts on
these exciting Master Courses in Video/
Audio servicing.

Other NRI courses include microcom-
puters, communications electronics,
electronic design.

Free Catalog. N,
No Salesman Will Call

Mail the postage-paid card today for
your free copy of our 100-page look into
tomorrow. It shows all the equipment you
get, describes each lesson in detail. And
it tells you about other important career
opportunities in Microcomputers and
Microprocessors, Digital and Communi-
cations Electronics, Electronic Design
Technology, and more. Send today and
get started on a big new future for your-
self. If card has been removed, please
write to us.

NRI SCHOOLS
McGraw-Hill Continuing
7 Education Center
:‘ | A 3939 wisconsin Ave,

ashi ,DC. 20016
R fg Vestineon G 200

We'll give you tomorrow.
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WHAT’S NEWS

continued from page 6

resolution graphics, format
flexibility, optional marketplace
applications, and cost/benefit
tradeoffs. No amount of rationai-
ization in industry committees
or FCC comments can match
the experience of commercial
marketplace  operations in
reaching an authoritative resolu-
tion of such issues.

“And,” says Zenith, “if mar-
ketplace experience should
establish that there would be a
major benefit in reaching a
common technical standard or
format, such a standard will un-
doubtedly be reached through a
natural industry evolutionary
process.”

New IC cuts price
of “superfidelity”

A new, low-cost low-voltage
integrated circuit for the dbx
noise-reduction system has
been announced by Matsushita
Electric. That % x V4 X /16-inch

IC is expected to make noise | that will combine the low-power
|advantages of the present

reduction for both recording

A AV
o
o

and playback available at a cost
that will make it viable for mass-
market products, such as per-
sonal portables.

The dbx NRX IC soives two
major problems of portable cas-
sette and car-stereo players, ac-
cording to dbx president David
Blackmer. Those are limited
dynamic range and tape hiss.
With the NRX, tape hiss is elimi-
nated, and dynamic range in-
creased phenomenally, “making
the personal portable and car-
stereo player high-fidelity in-
struments,” says Blackmer.

Pact signed to make
new high-speed CMOS
RCA, Philips, and Signetics
have signed an alternate-source
agreement for a new family of
high-speed CMOS (Comple-
mentary Metal Oxide Semicon-
ductor) circuits. The three have
agreed to develop more than
180 high-speed CMOS circuits

dbxs291s R

Ay

A K&

4000B series with the high
speed and drive capability of
low-power  Schottky LSTTL
(Large Scale Transistor-Transis-
tor Logic).

The new series will provide a
full catalog of high-performance
CMOS circuit functions for the
next generation of equipment
design as well as a select group
of CMOS drop-in replacements
for LSTTL types used in current
equipment designs. Circuits will
be as much as 20 times faster
than conventional metal-gate
devices at 5 volts, yet dissipate
only one-thousandth the normai
power of LSTTL devices.

The three companies view the
development of those CMOS
types as providing a major
impetus for accelerating the
establishment of CMOS as the
preferred technology of the
future. In developing that broad
range of products, RCA, Philips,
and Signetics expect to make a
positive contribution to fulfilling
that goal.

Educators get awards
that total $125,000

Apple Education Foundation
has just awarded $125,000 worth
of microcomputer equipment to
educators who have developed
new methods of learning through
innovative use of small com-
puters. Since October 1979, ap-
proximately $750,000 in equip-
ment has been donated to edu-
cational institutions, for instruc-
tional development.

The grants cover a wide
range of values and subjects. A
partial microcomputer system
valued at $790 was given to
George Brown, of Savana High
School, Anaheim, CA, to de-
velop a program that teaches
genetics to high-school stu-
dents. At the other end of the
scale, a $12,400 system—to de-
velop graphic programs that
teach the dynamics of environ-
mental systems to undergradu-
ates—was awarded to Henry
Hart and Calvin B. DeWitt, of the
University of Wisconsin.

At least a dozen other com-
panies—in the fields of com-
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puters, peripheral equipment,
software, and even public rela-

tions—have contributed to the | ';:

Foundation. l

THE NEW dbx NRX IC, in size-comparison with two AA cells. It was developed
jointly by dbx, Inc., and Matsushita Electric. It is expected to make portabie
cassette and car-stereo players provide the full fidelity sound and wide
dynamic range hitherto associated with “high fidelity” equipment.
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LETTERS

Address your comments to: Letters, Radio-Electronics,
200 Park Avenue South, New York, NY 10003

COPYRIGHT AMENDMENT

Please advise your readers of pending
legislation in respect to video recorders.
Bill S.1758 would amend Title 17 of the
United States code to exempt the private,
non-commercial recording of copyrighted
works on video recorders from copyright
infringement.

The key sentences in the bill are these:
“Notwithstanding the provisions of sec-
tion 1086, it is not an infringement of copy-
right for an individual to record copy-
righted works on a video recorder if—(1)
the recording is made for private use; and
(2) the recording is not used in a com-
mercial nature.”

Write to your senators and congress-
men, urging them to support Bill S. 1758.
A. E. MORRIS,

Otter Lake, Mi

TEMPERATURE SCALES

| wish to comment on Dr. D.G. Henning’s
comments on JJ. Carr's discussion of
temperature scales (‘'Letters,” February
1982 Radio-Electronics). Dr. Hennings
statement that ‘“‘the triple point of water,
the point where gas, liquid, and solid
exist in equilibrium at 1-atmosphere pres-
sure, is defined as 273.16°K ...”" is incor-
rect. The triple point of water occurs at
0.00602 atmosphere, not at 1 atmosphere.
PAUL CERTA,
Richland, WA

SABTRONICS FREQUENCY
COUNTER

The equipment report on the Sabtronics
8610A frequency counter in the February
1982 issue of Radio-Electronics was very
good, but it contained a misleading state-
ment in respect to the frequency accuracy
of WWV: " ... When the National Bureau
of Standards says it's transmitting on 10
MHz, who's to doubt it?”

The frequency and time broadcasts of
WWYV, as received via ionospheric propa-
gation, are not nearly so accurate as at
the source “ ... due to the unstable nature
of the ionosphere.” (Frequency and Time,
by P. Kartaschoff, Academic Press, 1978,
page 183). Kartaschoff states further:
"These fluctuations limit the highest achiev-
able precision to about = 1 x 107 for fre-
quency comparisons, and to about 500 to
1000 uS for the reception of timing
pulses.”

Further support for that concept is
found in /lonospheric Radio Propagation,
(pp 113 and 115), NBS Monograph 80, 1
April 1965; NBS Special Publication 432,
page 1, issued September 1979; NBS
Technical Note 668, pp 10-15, issued May

1975, and Hewlett-Packard Application
Note 52-2, pages 4-2 and 4-3.

The point is that WWV, as received via
ionospheric propagation is not accurate
enough to adjust the standard contained
in many of today's moderately priced fre-
quency counters.

JOHN H. HENNING,
APO Miami

THE dB WAR

| really enjoyed your December 1981
edition, especially the article, “Radio
Moscow is Winning the dB War." SWL is
my hobby, so | found that article very edu-
cational and helpful. Thank you. Can | ex-
pect to see more articles on SWL in Radio-
Electronics?

CHARLES PIERCEALL,
Charleston, MO

We read the article, “Why Radio Mos-
cow is Winning the dB War,” by Stanley
Leinwoll in the December 1981 issue of
Radio-Electronics with much interest.
Anyone who has done some shortwave
listening over the last few years will be
aware of the interference apparently
emanating from the USSR, known as the
“Russian Woodpecker.” That QRM con-
sists of very strong, short-duration pulses
with a repetition rate of a few Hz. Those
pulses are swept up and down in fre-
quency over a band of a few MHz.

When that QRM first came on the air,
there was speculation in the press that it
might be anything from over-the-horizon
radar to Soviet attempts to change our
weather by heating up the atmosphere. It
appears, however, that those pulses fit
the bill suitably for Mr. Leinwoll’'s back-
scatter ionospheric-sounding method.
We find it curious that he did not mention
that very obvious connection.

CLAUS SCHOENFELD,
JOHN HUDAK,
Ontario, Canada

CAR TELEPHONES

| would like to correct some errors in
the story, "Cellular Car Telephones,” that
appeared in the February 1982 issue of
Radio-Electronics.

Your report on the advanced mobile
telephone system (A.M.P.S.) was very in-
teresting. As a mobile-radio system tech-
nician with Pacific Northwest Bell, | have
thought many times about how nice it
would be to have mobile-telephone ser-
vice. The new AM.P.S. system can pro-
vide mobile service to many more people
than current technology permits. How-
ever, let's get to the errors in the story.

continued on page 16
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Cut Your Scope Time In Half
Or Your Money Back.

Cut your scope time in half?

We know that’s a bold claim. But
once you've tried the SC61 we
know you’ll agree it’s a conser-
vative claim. Why? Because the
speed, accuracy, and ease of
operation of the SC61 makes
every conventional oscilloscope
as outdated and cumbersome
as the analog meter. Now all you
do is just push a button and read.

The First Scope With Automatic
Readout At last the oscilloscope
has gone digital. No more graticule
counting, calculating, or esti-
mating your measurements. You
can now make waveform measure-
ments digitally accurate, digitally
fast, at the push of a button.

Make All Measurements With One
Probe Make no mistake. The SC61
isnot a “piggyback” unit, but acom-
pletely integrated waveform moni-
toring system. You connectonly one
probe and the Autotracking™
display digitally tracks the waveform
on the screen. You just push a
button when you want to read DC
volts, P-P volts, or frequency.

An Exclusive Breakthrough It took
four patent pending circuits to
completely integrate the scope and
digital display. The end result

is a breakthrough in scope tech-
nology that virtually obsoletes
conventional scopes. Here's why.

It's 10 Times Faster The SC611s 10
to 100 times faster than any con-
ventional scope. How? Because all
you do is push a button instead

of counting graticules, calculating,
or switching probes. Increased
speed meansincreased productivity.

It’'s 10 Times More Accurate
No matter how carefully you try
to measure a waveform
with a conventional
scope, you will only be
5% to 15% accurate due to

times more accurate to meet these
testing needs.

It’s Easier To Use The digital read-
out is simplicity itself. Just push
and read. You'll make fewer errors
because every measurement

now becomes exact. Now ycu can
concentrate on the circuit rather
than tne scope.

Measure Part Of A Waveform
Intensify any waveform portion with
the exclusive “Delta Bar,” push
the button, and read PPV, time, or
frequency for just that portion of
the waveform. Ideal for measuring
timed circuits, signal delays,
pulse widths, and more.

Guaranteed To Cut Your Scope
Time In Half When we say the
SC61 willcutyour scope time in half,
we're being conservative. It's
possible to reduce your scope time
75%, even 90% with this first-of-
its-kind oscilloscope. But don't take
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Just one probe and
push for DCV, PPV,
Frequency and Time.

our word for it. Try an SC61 and
judge for yourself. Here's our offer.

30 DAY
MONEY BACK
GUARANTEE

If the SC61 does not at least
double your scope productivity
during the first 30 days, you
may return it for a full refund,
including freight both ways.

Update Today Just like DVM'’s
have replaced analog meters, the
SCe1 will replace conventional
scopes (under 100MHz) and for the
same reasons: increased speed,
accuracy, and reliability. Update
today with this new automated
scope technology. It's the scope
you've been waiting for.

To Order Or To Receive
A Complete Color Brochure,

parallax and interpretation errors. Phone To"-Free TOdaY' Qualified Sales Engineers are

Today's circuits demand greater
accuracy than that. The SC61's
digital readout is 10 to 1000

800-843-3338

ready to talk with you about
SCe1 performance and applica-
tions. Ask for Dept. 130.

CIRCLE 5 ON FREE INFORMATION CARD

3200 Sencore Drive, Sioux Falls, SD 57107 605/339-0100 TWX: 910-660-0300
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LETTERS

continued from page 13

The first point of interest is Figure 3, a
photo of the “Hump-mounted Control
Head." The caption noted that the control
head had a Touch-Tone keypad. That is
not so. The control head does have a
“pushbutton” keypad for dialing; how-
ever, the output of that keypad is digital
information transmitted to the mobile-
communications switching office (M.T.S.0.).
The Touch-Tone that many of our Radio-
Electronics readers are familiar with is an
analog, dual-tone multi-frequency
(D.T.M.F.) signal. The Touch-Tone sig-
naling format has been popularized with
the advent of the single-chip encoder and
various decoding methods.

The second point is that of the mobile
transmitter/receiver. It was noted in the
article that "'‘Because of the 45-MHz
separation between transmit and receive
frequencies, cellular mobile phones use
‘two 2.5 dB gain antennas at the car; one
each for transmit and receive.” It is not to
bridge the 45-MHz separation between
transmit and receive that the two anten-
nas are used. That function is performed
by a diplexer in the radio. Rather, the two
antennas are used to overcome fading at
800 MHz, thus providing an effective in-
crease in average signal to noise. The
same argument applies here as was
presented in the article about the base-
station receivers.

One more note: The article implied that

the data rate between the cell site and the
mobile radio was ‘... a data rate of 10
megabytes-per-second.” That is also a
mistake. The data rate is only 10 kilobits-
per-second. That data rate can also be de-
rived from the fact that the communica-
tion channel is * 5-kHz wide, 10-kHz
total. We can also see that running our
data rate near the maximum of the chan-
nel bandwidth provides a justification of
the receiver diversity, thus significantly
improving the bit error rate.

PAUL R. RODRIGUEZ,

Bothell, WA

NIKOLA TESLA

| would like to express my agreement
with the letter by Alfred Powell in the Feb-
ruary 1982 issue of Radio-Electronics
about general public unawareness of
Nikola Tesla’s work. It is a shame that
more people do not realize how many of
his discoveries are the root of our day-to-
day activities.

There is one thing, though, where |
can't entirely agree with Mr. Powell. How
can you link the ideas and inventions of
Tesla with those of Edison? The two men
were entirely different, both in their out-
look and work. As | stated in my letter that
you ran in the June 1981 issue, Edison
was concerned with devices; Tesla was
not. Tesla had no time to work out de-
vices because he was concentrating upon
discoveries that proved to be major break-
throughs in the electronics industry when
they were put to use.

The reason why Edison is immortalized

in American history and Tesla is not is be-
cause of those many devices that Edison
brought to fruition—they are used by mil-
lions in the home.

Tesla's discoveries also led to things
constantly used in the home, but his part
in them is not so apparent as Edison’'s—
we all know that Edison worked out the
practical electric light and the gramo-
phone, but what do we connect with
Tesla? Yet Tesla's discoveries were far
more significant than any of Edison’s
devices.

As a member of the Tesla Memorial
Society, | take the subject of Nikola Tesla
very seriously. It is too bad that so few
people in the world are aware of how
great that man was. | feel that, as the
years pass, more and more people will be-
come interested in Nikola Tesla. If that
happens, he will become more of a part of
American history.

VINCE MARASCO,
Linden, NJ

It would help if admirers of Tesla, like
you, took the trouble to mention in your
letters some of the things constantly used
in the home today that can be traced to
Tesla’s work, rather than just repeating
what a great discoverer he was. As you
say, we can pin down easily many day-to-
day devices that Edison made practical.
But if Tesla is to become appreciated by
the public, as we agree that he should be,
we have to tell people specitically about
things we owe to Tesla—things that
people will remember.—Editor.

continued on page 42
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Shipping $3.00
Prices subject to change without notice

INTRODUCTORY OFFER'

MA 1H A Professional Tool for only $49.00

Measuring ranges

Black molded high impact thermoplastic case.

Large mirror scale, 83mm

Meter movement: Coil core magnet mounted on shock-proof
jeweled bearings. Overload protected.

Dimensions: 92 x 126 x 45mm, Battery AA size 1.5V

Input impedance: 20k 2/V DC, 4k 2/ vV AC

Accuracy: 3% V DC, 4% V AC

Safety Test Leads $ 7.90
Case for Meter and Leads $12.00

150 Vac/dc
500 Vac/dc
1000 Vdc

Voitage Current Resistance Capacitance

0.15Vdc 50 pAdc 1Q... 1 kQ |2000...200000 uF
0.5 Vdc 0.5 mA ac/dc 10Q... 10 kQ 200... 20000 uF
1.5 Vac/de 5 mAac/dc| 100Q...100 kQ 20... 2000 uF
5 Vac/dc 50 mA ac/dc 1kQ... 1MQ 2. .. 200 uF

15 Vac/dc! 500 mA ac/dc
50 Vac/dc | 5000 mA ac/dc

Accuracy: 1.5% V DC, 2.5% V AC

MA 2H Current range: 15 A AC/DC

Other specs same as MA1H
1 YEAR IMMEDIATE EXCHANGE WARRANTY

$79.00

THE TEST EQUIPMENT SPECIALISTS w1
TOLL FREE HOT LINE
800-223-0474 -

54 WEST 45th STREET, NEW YORK, N.Y. 10036 212-687-2224
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RADIO-ELEGTRONIGS

VIDEQ GAME

GONGERT GONTEST!

Test your skills! Meet our
challenge! Compose your own
electronic musical score from
the sounds of your favorite TV
game...and win these Kenwood
state-of-the-art components—
and more—valued at over
$10,000 retail!

Thats right! By skillfully orchestrating
your own home video game sounds
into a symphonic arrangement. short
but sweet, and imaginatively editing:
therr-on a standard cassette tape...
you can enter RADIO-ELECTRONICS
Video Geame Concert Contest! All
entries will be judged by a panel of
industry experts for originality and
creativity...and the following prizes,
among others, will be awarded:

4 Kenwood KV-901 14-day
grogrammable VCR's (list price:
$1,200 each)
4 Kenwood KVA-502 Audio’Video
Amplifiers (list price: $400 each)
1 Kenwood KR-1000 Stereo
Computer Receiver (list price:
$1,250)
1 pair of Kenwood LS-1000
Speakers (list price: $500)
1 Kenwood DC-20 integrated
steren system (list price: $900)
4 sets of ten TDK video cassettes
(ist price: $350 per set)

[ | Plus...even more valuable prizes
yet t¢ be announced!

FOR FULL DETAN.S INCLUDING |
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clectronics
career
training
fl‘()lll. )
specialists.

If you’re interested in learning how to fix air
conditioning, service cars or install heating systems —
talk to some other school. But if you’re serious

about electronies...even earning an Associate Degree...
come to CIE —The Electronics Specialists.

Qe B
&’

Special Projects Director
Cleveland Institute of Electronics

www americanradiohictory com



y father always told me that
there were certain advan-
tages to putting all your eggs in one
basket. “John,” he said, “learn to
do one important thing better than
anyone else, and you'll always be
in demand.”
I believe he was right. Today is
the age of specialization. And I
think that’s a very good thing.
Consider doctors. You wouldn’t
expect your family doctor to perform
open heart surgery or your dentist to
setabroken bone, either. Would you?
For these things, you’d want a
specialist. And you’d trust him. Be-
cause you'd know if he weren’t any
good, he’d be out of business.

Why trust your education
and career future to
anything less than a
specialist?

You shouldn’t. And you certainly
don’t have to.

FACT: CIE is thc largest inde-
pendent home study school in the
world that specializes exclusively
in electronics.

We have to be good at it because
we put all our eggs in one basket:
electronics. If we hadn’t done a good
job, we’d have closed our doors
long ago.

Specialists aren’t for
everyone.

I'll tell it to you straight. If you
think electronics would make a nice
hobby, check with other schools.

But if you think you have the
cool —and want the training it takes
—to make sure that a sound blackout
during a prime time TV show will be
corrected in seconds —then answer
this ad. You’ll probably find CIE has
a course that’s just right for you!

At CIE, we combine
theory and practice. You
learn the best of both.

Learning electronics is a lot
more than memorizing a laundry list
of facts about circuits and transis-
tors. Electronics is interesting be-
cause it’s based on some fairly recent
scientific discoveries. It's built on
ideas. So, look for a program that
starts with ideas — and builds
on them.

That’s what happens with CIE’s
Auto-Programmed® Lessons. Each
lesson uses world-famous
“programmed learning” methods to
teach you important principles. You
explore them, master them com-
pletely. . . before you start to
apply them!

But beyond theory, some of our
courses come fully equipped with
the electronics gear to actually let
you perform hundreds of checking,
testing and analyzing projects.

In fact,depending on the course
vou take, vou'll do most of the basic
things professionals do every day—
even usca Digital Learning Laboratory
to apply the digital theory essential
today to kecp pace with electronics
in the cighties.

Plus there’s a professional quality
oscilloscope you build and use to
“see” and ‘“‘read” the characteristic
waveform patterns of electronic
equipment.

You work with experi-
enced specialists.

When you send us a completed
lesson, you can be sure it will be
reviewed and graded by a trained
electronics instructor, backed by a
team of technical specialists. If you
need specialized help, you get it fast
... in writing from the faculty spe-
cialists best qualified to handle
your question.

People who have known
us along time, think of us
as the “FCC License
School.”

We don’t mind. We have a finc

record of preparing people to take . ..

and pass. . . the government-
administered FCC License exams.
In fact, in continuing surveys nearly
4 out of 5 of our graduates who take

the exams get their Licenses. You
may already know that an FCC
License is needed for some careers
in electronics —and it can be a
valuable credential anytime.

Associate Degree

Now, CIE offers an Associate in
Applied Science Degree in Electronics
Engincering Technology. In fact,
all or most of cvery CIE Career
Course is directly creditable
towards the Associate Degree.

Find out more? Mail this
card for your FREE
CATALOG today?

If the card is gone, cut out and
mail the coupon.

I'll send you a copy of CIE’s
FREE school catalog, along with a
complete package of independent
home study information.

For your convenience, I'll try to
arrange for a CIE representative to
contact you to answer any questions
you may have.

Remember, if vou are serious
about learning electronics. .. or
building upon your present skills,
vour best bet is to go with the elec-
tronics specialists — CIE. Mail the
card or coupon today or write CIE
(and mention the name and date of
this magazine ), 1776 East 17th
Strect, Cleveland, Ohio 44114.

Pattern shown on oscilloscope screen is simulated.

r-----------------l

Cleveland Institute of Electronics, Inc.

1 ClI

Print Name_

Mail today?

www americanradiohietory com

1776 East 17th Street, Cleveland, Ohio 44114

[] YES... John, I want to lcarn from the specialists in ¢lectronics — CIE.
Send me¢ my FREE CIE school catalog — including details about the Associate
Degree program — plus my FREE package of home study information.

Address. B S — . Apt

City. — .. m B
State. . J— . Zip. o
Age. _  Phone(arcacode) e — . S
Check box for G6.1. Bill information: Vetcran [ Active Duty

RE-38
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SATELLITE/TELETEXT NEWS

GARY ARLEN
CONTRIBUTING EDITOR

HOME Controversy continues about a proposed law that could restrict private reception of
satellite signals. Although the situation seems to change week-by-week, the latest in-
SATELL'TE dications are that an aiternative will be proposed so that any restrictions wouid apply
LEG'SLAT'ON only to *‘commercial” interception of communications. That would probably mean that
apartment complexes, hotels, bars, etc., would be prohibited from receiving satellite
signals, but “backyard” personal users would be exempt. Even people who like that
compromise are not completely satisfied, though, because it would leave unsettied a
fundamental question involving the Communications Act’s principles of private com-
muications.

Meanwhile, manufacturers of earth station equipment are rallying to make sure that
any law that emerges does not include penalties for building satellite-reception de-
vices. As SPACE, the association representing the private earth-station industry,
points out, the wording of the proposed law is so vague that *‘commercial use” could
be construed to apply to “‘commercial manufacturing’ of equipment. ‘‘Under such
circumstances, who would be willing to manufacture backyard earth stations? SPACE
asks rhetorically.

Although the pending legislation involving satellite reception is separate from other
Capitol Hill activities involving the Communications Act, it could become incorporated
into the larger issue of revising telecommunications laws. Congress was aiready
deeply involved in rewriting the 48-year-old Communications law—but now the changes
soon to take place in the Bell System have accelerated interest in a sweeping revision
of that law. Because of that increasing interest, a number of issues involving satellite
communications could work their way into those revisions of the Communications
Act during the coming months.

THE HBO Home Box Office has plans to scramble its pay-TV satellite programming signal—pos-
sibly by the end of this year. Hoping to prevent private earth-station owners from
SCRAMBLE IS ON seeing HBO programs, the company will spend up to $5 million to give decoders to all
cable systems using their service. The digital encryption system will include an in-
dividually addressable feature permitting HBO to control the decoding devices from a
central point and to change the encryption/decoding patterns as often as necessary.
According to HBO, the coding system is tamperproof because it depends on the code
being used. Duplicating the electronics in the decoder will be useless without aiso
knowing the code that is in use.

At the time HBO announced the encoding plan, it hadn’t decided on which encryp-
tion technology to use. It was debating between several cable/satellite coding devices
and those made for military electronics. HBO also has pians to encode its audio sig-
nal—with an eye toward putting in place a digital transmission system that can be
used for higher-quality digital stereo sound at a future time.

It's hard to tell yet whether HBO’s plan to encode its satellite transmission will cause
other satellite programmers to do the same thing. The growing number of private
earth stations is beginning to concern a great number of movie producers and other
software suppliers. Efforts by SPACE and others to encourage HBO to permit private
dish-owners to pay for a reception license are falling on deaf ears; HBO has repeatedly
claimed that it has no interest in becoming involved in the retailing of programs direct-
ly to individual owners of private earth-stations.

AROUND THE Intelsat has added a new full-time TV service to its network, permitting worldwide
SATELLITE TV networking to more than one member user of the service at the same time. The new
video networking arrangement also means that Intelsat users can sign up for short-
CIRCUIT  term video services instead of the previous two-year minimum contract. That avail-
ability of short-term video services is a factor that should encourage an increase in
specialized video satellite transmissions.
SPACE (the Society for Private and Commercial Earth Stations), the association
representing satellite users, is planning its first-ever SPACE Trade Show in Omaha
during the second week of August. Details are available from the group at 1920 N
Street NW, Suite 510, Washington, DC 20036 R-E
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The Link from Panasonic.
The portable computer that lets you take the advantages
of an office computer anywhere you go.

The Link.

It's the next
major business
tool because it's a
full-logic computer #
that’s fully portable.

By itself, it can perform a wide
variety of sophisticated comput-
er functions because it can store
4K bytes of information. Equally
important, it can link you to the
information and brainpower of
your main office computer —
wherever you go. You can program
in Microsoft Basic ® Yet it's easy to
operate, even if you've never
worked with a computer before.

Imagine. Using just The Link,
anyone in the field, the plant or on
the sales floor —like salesmen,
managers, engineers or retailers —
can now answer questions that
used to mean a trip back to the
office. A sales engineer, for
example, types data into The Link
and gets detailed product infor-
mation and specs on the spot.

And The Link is part of an
entire computer system: By
adding different optional com-
ponents, you can create what-
ever kind of computer you need.
Wherever you need it.

By adding the telephone
modem, for axample, a salesman
can put his company’s main
office computer or a data bank

The Link. R will change the way the world uses computers.

Exchange information with other computers
with the telephone modem.

to work for him
from any tele-
phone booth. He
can check credit
! ratings and in-
ventory, trace
shipments, enter orders, make
bids and estimates, and much
more. So The Link can make him
and his office computer much
more productive.

By adding the microprinter,
the salesman gets hard copies of
information right on the spot—an
instant record of his transactions.

By adding the TV adapter,
he can display information and
8-color charts on any color TV

Display information and charts with the TV adapter.
screen. So he can use data from
his office computer to develop
a sales presentation in a motel
room. And show it on a client’s
video monitor the next day.

If the salesman needs to
work with a bigger program and

CIRCLE 9 ON FREE INFORMATION CARD
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more memory, other optional
components increase The Link’s
capacity to 52K RAM plus 64K
ROM. That's more than many
desktop computers.

The Link measures only
9" x 4", weighs only 21 ounces,

Take The Link and all its components anywhere
in its slim attaché case.

and runs on AC or rechargeable
batteries.

And it costs only $600.00*
That's amazingly small when you
realize the big change it could
make in the way you do business.

Manufacturer’'s suggested price.
Panasonic Company,Portable Computers
One Panasonic Way, Secaucus, N.J. 07094

Please send me information on The Link.
Please have a salesman call me.

NAME
TITLE
COMPANY _ S L S _

ADDRESS

CITY _STATE _

PHONE NUMBER ____ - =

Panasonic.
L just slightly ahead of our time. REJ

I
|
I
I
I TYPE OF BUSINESS _
|
I
|
I
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EQUIPMENT REPORTS

Hameg HM203
Dual-Trace Oscilloscope

CIRCLE 101 ON FREE INFORMATION CARD

MOST TECHNICIANS AND EXPERIMENTERS
will readily agree that a good oscillo-
scope is one of the most powertul tools
you can own. It can be used for a
variety of waveform measurements.
and may even be substituted for volt-
age- and current-measuring devices
when necessary. Because of its com-

HafheQ -

OVERALL

pact appearance and apparent flexibility.
we decided to take a closer look at the
Hameg AM203 dual-trace oscilloscope.

The traces can be displayed either
alternately or in a chopped mode. In
the chopped mode, the chopping rate is
120 kHz. Vertical response is down 3
dB at 20 MHz, and down just 6 dB at 28

MHz. Vertical deflection varies from 5
to 20 volts-per-division. in 12 calibrated
steps. and is accurate to within +3¢.
The vertical input has an impedance of
1 megohm in parallel with 25 pF and
can handle up to 500 volts. A ground
position on the input selector switch
may be used to prevent stray signals
from reaching the amplifiers without
loading the circuit under test. Also, AC
and DC positions are provided on the
input selector switch.

The front-panel vertical-amplifier
controls are laid out in mirror-image
fashion. making it relatively easy to be-
come familiar with the instrument.

The sweep rate can be selected, from
0.5 microseconds to 0.2 seconds-per-
centimeter. in 18 calibrated steps. A
continuously variable control is also
provided for fine adjustments of the
sweep rate. That uncalibrated control

RADIO-ELECTRONICS

N
&

Solve over 178,000 solid state replace-
ment problems using 1800 SK and KH types.
RCA's new Replacement Guide puts the reli-
able answers at your fingertips.

From foreign to domestic components,
RCA simplifies just about any replacement
application, including integrated circuits,
high-voltage triplers, rectifiers, thyristors
and transistors. The guide uses a conve-
nient dual numbering system, which

N.J. 08096.

matches the right SK replacement to your
consumer or MRO/Industrial needs. For
example: SK3444/123A.

Pick up your copy of the 1982 RCA
SK Replacement Guide. Nothing puts reli-
ability within easier reach. See your RCA SK
Distributor, or send a check or money order

for $2.25 to: RCA Distributor and Special
Products Division, P.O. Box 597, Woodbury,

www americanradiohictorvy com



will shift the sweep rate up to 200 nano-
seconds-per-centimeter. An  uncali-
brated x5 magnitier lets you extend the
sweep to 40 nanoseconds-per-centi-
meter.

An input is provided for displaying
signals on the horizontal axis. The re-
sponse of the external horizontal input
is down 3 dB at 2 MHz.

Automatic and variable trigger levels
are available for either channel. Posi-
tive or negative slopes are switch
selectable. The trigger sensitivity is 0.7
volts if an external source is selected.
or 3 millivolts with the internal source.
Both manual and automatic triggering is
avatlable.

A calibrated square-wave generator
provides a I-kHz reference signal at 0.2
volts *19%. Trace rotation can be cor-
rected using a tront-panel control.

Any line voltage from 100- to 240-
volts AC (50/60 Hz) can be used to
power the instrument; all internal DC
operating voltages, including the high
voltage. are regulated.

The accompanying operator’s manual
is one of the best we've seen. It is well
illustrated. and contains technical and
tutorial information for both use and
maintenance.

Our test
The unit is completely solid-state
except. ot course. for the CRT. As ex-

pected. the trace came up to tull brilliance
within 30 seconds. Under varying
ambient temperature conditions (and
even several days’ power-down be-
tween trials). the trace came on exactly
at the baseline. requiring no vertical or
horizontal positioning.

The blue-white trace was sharp and
brilliant; it did not show any noticeable
astigmatism. The X and Y position. as
well as the intensity and focus of the
trace could be easily adjusted using
front-panel controls.

We found that the x5 magnifiers were
very useful at higher frequencies.
where a wavetorm would normally be-
come very crowded.

Trace drift, a common problem with
many inexpensive oscilloscopes. was
totally absent on the HM203. Linearity
of the vertical amplifier showed excel-
lent accuracy on all ranges.

Lastly. but an important considera-
tion. the unit’s light weight (13 pounds)
and compact construction (11 X 6 X 16
inches) make it easy to move around,
and easy to use on even the most
crowded workbench.

The HM?203 sells for $580.00; the
price includes a x | and x 10 switchable
oscilloscope probe. If you can not find
the scope locally. it is available from

the manufacturer: Hameg, 88-90
Harbor Rd.. Port Washington, NY
11050. R-E

Japan Radio Company
NRD-515
Communications
Receiver

CIRCLE 102 ON FREE INFORMATION CARD

Japan Radio NRD-515

OVERALL
PRICE

A RENAISSANCE IN SHORT-WAVE LISTEN-
ing has resulted in the introduction of
quality receivers at a rate unmatched
since the 1950°s. In those days, the best
known names belonged to firms such as

1982 RCA SK
Replacement Guide.

SK Replacement: e
Solid State .

=

wwWw americanradiohicstory com

2861 ANNC

N
‘W



RADIO-ELECTRONICS

N
-]

Hallicrafters. Hammarlund, and Na-
tional. Those companies are now gone,
but they have been replaced by others
such as Kenwood. Yaesu, and Sony.
You can add Japan Radio Company
(120 E. S6th Street. New York, NY
[0022) to that growing list of “‘new’™”
manufacturers. That company. famous
in Japan but relatively unknown here,
has introduced a high-quality communi-
cations receiver, the model NRD-515.
Even at first glance, the receiver's
sturdy construction and functional
styling are impressive. The front-panel
controls are sturdy—not thin plastic.
On that receiver. detents snap securely
in place. toggle switches click into posi-

tion. and the flywheel tuning mechanism
spins securely on its bearings.

But the quality does not stop with
construction and styling. Frequencies
are displayed on a six-digit. LED read-
out: the readout is claimed to be ac-
curate to within 100 Hz. The accuracy
of the readout is enhanced by an auto-
matic offset circuit that allows the car-
rier frequency of an upper- or lower-
sideband signal to be displayed direct-
ly—no mental interpolation is required.

The thermal and mechanical stability of

the oscillators help assure virtually
drift-free performance. The frequency
range is specified as 100 kHz to 30
MHz.

CWR-6700 Telereader.

BOX 365

PRINT THE WORLD

See What You've Been Missing!

Stay in touch with world events, monitor weather, ship
traffic, and radio amateurs. Connect to your receiver
and display shortwave radio teleprinter and Morse
code transmissions with the new receive-only HAL

@ Receive ASCII or Baudot RTTY

@ Six standard RTTY speeds

o 3 RTTY shifts for low or high tones
e Adjustable space for fine tuning

o Receive Morse code — 4 to 50 wpm
o 16 lines by 36 or 72 character display
o Two page video display

e Parallel ASCII printer output

e Requires +12 VDC and external TV monitor
@ One year limited warranty

o Small size (8" x 3" x 12.75")

Write or call for more details. See the CWR-6700 at
your favorite HAL dealer.

HAL COMMUNICATIONS CORP.

URBANA, ILLINOIS 61801

217-367-7373

CIRCLE 21 ON FREE INFORMATION CARD
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The tuning mechanism used in the re-
ceiver is rather unusual. It uses an
optical encoder to translate visual
“pulses™ from a slotted disc into elec-
tronic pulses that are used to change
frequencies. The slotted disc is spun by
turning the tuning dial. One complete
rotation of the tuning dial will result in a
10-kHz change in frequency. That 10
kHz is composed of a series of 100 in-
tegral steps of 100 Hz each. with a fine-
tuning control used for the frequencies
between steps. Because of that scheme,
tuning across a band consists of a series
of abrupt frequency shifts, although if
the BFO is on (for SSB reception. etc.)
it shoulds more like someone sliding a
hand across a piano keyboard. In any
event. it may take a little getting used to.

As with most modern frequency
synthesized receivers, the tuning range
is divided up into a series of 1-MHz in-
crements. Fast tuning within those in-
crements 1s done using a UP/DOWN tog-
gle switch. The switch is used to shift
the receiver’s frequency quickly in the
direction indicated. Once you get close
to the frequency you want, the tuning
dial is used to find the precise setting.
Incidentally, you can tune above and
below the limits of each individual in-
crement simply by holding the toggle
switch in position. In fact, you could
tune all the way from 100 kHz to 30
MHz using just the toggle switch if you
wished: but that is not recommended.

Among the receiver's features is a
built-in noise blanker. It suppressed
sharp rise-time puises effectively, pro-
vided that there was sufficient recovery
time between pulses. However, it was
not effective against short-period pulses,
such as arcing or appliance noise.

RF bandpass filters eliminate the
need for a tunable preselector for most
frequencies: the tunable BFO is used as
an effective preselector on the 600- to
1600-kHz broadcast band. [F bandpass
tuning, something not often found on
consumer receivers, 1s very well de-
signed here. With it, the user can slide
the IF passband across a signal. posi-
tioning it to reject the greatest possible
amount of interference. An IF band-
width control lets you select among 6-,
2.4-, and 0.6-kHz bandwidths; an auxil-
liary position on that control is for any
user-installed filter. Selectable AGC
allows for fast, slow, or no AGC at all.

The owner’s manual that comes with
the unit 1s quite comprehensive. It in-
cludes detailed operating instructions,
technical information, maintenance
procedures. and alignment instructions.

The memory unit
For the ultmate in convenience.
you'll want to investigate the optional
model NDH-515 **‘memory unit.”" The
unit can store up to 24 frequencies.
Using the memory unit is easy. To
enter a frequency, simply tune the re-



Now there’s a

hand-held DMM

tough enough to withstand acciden-

tal drops, destructive environments,

and input overloads — and still give

you superior Beckman performance.
The HD-100 from Beckman

is drop-proof, sealed against contam-

ination, and packed with overload
protection. You won't find a more
rugged meter inside or out.
Drop-proof

Constructed of double-thick
thermoplastics, the HD-100 resists
damage even after repeated falls.
All components are heavy duty and
shock mounted.

Water- and
contamination-proof

The HD-100 is designed to keep
working even around dirt, heavy
grime and moisture.

The special o-ring seals,
ultrasonically-welded display window
and sealed input jacks protect the
interr:al electronics of the HD-100
from any source of contamination.
The HD-100 is sealed so tightly, it's
even waterproof.

Accidental overload
protection

All voltage inputs are protected
up to 1500 Vdc or 1000 Vrms. Cur-
rent ranges are protected to 2A/250V
with resistance ranges protected
to 600 Vdc. Transient protection
extends up to 6KV for 10 micro-
seconds.

www americanradiohietory com

More meter for

the money

For starters you get 2000 hours
of continuous use off a common 9V
transistor battery. You can run
in-circuit diode tests and check con-
tinuity. You even get a one year
warranty.

The 0.25% basic volt dc accu-
racy HD-100 serves you with 7 func-
tions and 29 ranges. With one simple
turn of the single selector switch,
you can go directly to the function and
range you need. There’s less chance
of error.

Feature for feature you can’t
find a more dependable meter priced
at just $169 (U.S. only).

To locate your nearest distrib-
utor write Beckman Instruments, Inc.,
Instrumentation Products, 2500
Harbor Boulevard, Fullerton, CA
92634 or call (714) 993-8803.

BECKMAN
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ceiver to the frequency you want, set

Metrawatt MA-3D

Georz-Metrawatt line. Made in Ger-

the CHANNEL dial on the memory unit many, they're now being sold in the
to the channel you wish to assign the ] . U.S. by BBC-Metrawatt-Goerz, 165
frequency to, and press the unit’s D'g'ta' Multimeter 3 Fieldcreast Ave., Rantan Center, Edi-
MEMORY button. When you recall the son, NJ 08837. The new one is the
frequency. the channel is displayed by Metrawatt model MA-3D. It's a digital; the first

the memory unit. and the frequency by

OVERALL

one, exactly like it on the outside, was

the receiver. PRICE an analog meter. The same design is

Finding fault with an outstanding re- B EASE used for both; a hinged case with read-
ceiver such as the model NRD-515 is OF USE out on the cover. When closed, that
difficult, but there were a few minor INSTRUCTION protects not only the readout but all
shortcomings. The noise blanker would PRICE controls as well. Flat, it's very com-
be more effective if it suppressed ap- /VALUE pact. and would go into a caddy very
liance noise. The pulses from the 12j3[4]5]6]7(8]9 easily. Powered by a single 9-volt rec-
p p

optical encoder caused distracting
noise over some frequencies—I12-18
MHz—during tuning. Although an ac-
cessory speaker is available. including
a built-in one would have becen de-
sirable. In addition, there are bricf
dropouts as the receiver is tuned beyond
the increment it is set for. Finally. the
audio-gain control does not cut the
sound off completely when it is turned
fully counterclockwise. But those faults
are insignificant when compared to the
overall performance of this receiver.
The model NRD-515 communications
receiver has a suggested retail price of
$1395.00: the price of the model NDH-
515 memory unit is $249.00. The match-
ing speaker sells for $49.95. All are
available  from Universal Amateur
Radio. Inc.. Department B, 1280 Aida
Drive. Reynoldsburg. OH 43086. R-E
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EARLIER THIS YEAR WE REPORTED ON A
new line of test equipment, the BBC-

tangular battery, the lid serves another
purpose; when it’s closed, a stud hits
the on-oft switch and turns it off. An
AC adapter is available, when that is
used, the panel switch is bypassed and
it’s on all the time. Battery life is very
good, due to low-current design and
use of 1C’s.

The MA-3D has a total of 25 mea-
suring ranges, on AC volts, DC volts.
AC or DC current, and resistance. The
cover of the case can be adjusted easily
to give the best viewing angle for the
readout. That is an LCD type, with nice
big digits. It uses the now-familiar **2°-
based scale in which each range reads
up to 1.999 and the decimal point auto-
matically adjusts itself to tell you what
range you're on. The display features a
3.5 digit readout: overrange is shown

continued on page 32
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GET THE SAME VIDEQ TRAINING
THE PEOPLE ATSONY GET.

Now you can be trained by Sony even if you And learning through video can be done at
aren’t employed by Sony. your own pace, in the convenience of your home,

' “Because we're making our vast library of train- shop or school. Reviewing is quick and easy. And
ing videotapes available to you. The very tapes that the tapes are always available for reference.
teach our own engineering, service and sales personnel. Send for your catalog, which lists more than

The tapes cover the products and concepts of 250 titles. In your choice of 3/4” or 1/2” formats.
video and its related technologies. You can learn the ' Write Sony Video Products Com-
basics of video recording. Color systems. = pany, Tape Production Services,
Digital video and electronics. Television 700 W. Artesia Boulevard,
production. And more. ] Compton, California 90220.

Plus you can learn how to service - Or call (213) 537-4300.
cameras,VTR’, and other video products. | Of course, there’s no
As professionally as Sony does. obligation. Except the

The tapes are pro- obligation you have to
duced entirely by yourself: to find out
Sony and contain about the best train-
up-to-the-minute ing available in
information. They one of the country’s
communicate clear- % fastest-growing,
ly and simply. And most lucrative fields.
some of them are 1
even programmed for 3 ﬁgﬁax
Interactive learnmg. § Sony is a reg. trademark of Sony Corp.
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Now, a mini-scope with the features
most wanted by field engineers!

B&K-PRECISION’S new Model
1420 1s a good example of what can
materialize when a company listens well.
This new 15SMHz dual-trace mini-scope
was designed by B&K-PRECISION
engineers from a clean sheet of paper
to respond to the special needs of field
engineers. .. a mini-scope with
lab-scope features.

So small in'size (4.5"x8.5"x12"),
the 1420 easily fits into a standard
attache case with plenty of additional
storage room for a DMM, tools and ac-
cessories. For use in any environment,
the 1420 can be powered from an AC
line, 10to 16 VDC or an optional internal
battery pack. Unlike some competitive
mini-scopes, adding a battery pack will
not add to the size of the slim 1420.

The rugged 1420 features dual-trace
operation and an honest 15MHz re-
sponse. In addition, its smooth roll-off
provides useful response to 20MHz.

o PRECISION

An efficient rectangular CRT displays
waveforms with high brightness for
good readability under all field service
conditions.

Too many field-service mini-scopes
sacrifice features and performance for
compact size, handicapping the field
engineer. The new generation 1420 has
overcome these problems. In spite of its
small size, the 1420 has eighteen sweep

ranges that span from 1 uS/div. to 0.58/
div. in a [-2-5 sequence; variable be-
tween ranges. Sweep magnification is
X10, extending the maximum sweep
rate to 100nS/div. For use with computer
terminals or video circuits, a video sync
separator is built in. For added ease of
use, automatic selection of chop and
alternate sweep modes is provided, as
is front-panel X-Y operation.

The new 1420 mini-scope comes
complete with two 10:1/probes and is
available now from your local B&K-
PRECISION distributor. Available
options include carrying case and
probe pouch.

To receive a free 16-page color
brochure describing the 1420 and
the complete B&K-PRECISION
oscilloscope line, call toll-free,
(800) 621-4627

(312) 889-9087 in Illinois.

DYNASCAN
CORPORATION

6460 W. Cortland Street « Chicago, IL 60635  312/889-9087
International Sales, 6460 W. Cortland Street, Chicago, IL. 60635 » Canadian Sales, Atias Electronics, Ontaric
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KEITHLEY

TRIPLETT

LE AuR @ Non-Linear Systems

/ [FLUKE] DIGITAL MULTIMETERS

p—————— - —

e Two New 4%-Digit Handheld
DMM’s from Fluke
Wideband True RMS AC
Measurements (100 kHz-

Frequency Measurement to
200 kHz, 0.01 Hz Resolution
to 200 Hz, 1 Second Re-
sponse Time (8060A only)

8060A, 30 kHz-8062A) e dBm Referenced to 600 ()
® 0.04% Basic DC Accuracy I(:?OGOA only)
(8062A = 0.05%) * Relative dB measurement

Full Range Capability (8060A only)
(200 w A, 200 mV, 200 {2 ranges) e Conductance (8060A only)

e Autoranging M to 300 M} e Separate Constant Current
e Relative (Offset or Zero) Mode Source Diode Test
e Audible and Visual Con- e Self Diagnostics
tinuity Indicators
$279. 8062A

5349 8060A

Display: 4'2 digit duplex LCD (19,999 count)

A/D Converter: Dual slope converter, autozero, autopolarity.
Conversion: TRMS, AC coupled

Display Annunciators: BT, low battery indication.

REL, relative reference mode activated. [8060A: (k)Hz, fre-
quency function activated. dB, dB function activated.] —»&—

continuity activated.))), continuity tone activated.—,continuity
detected indicator.

Temperature: 0° to +50°C operating, —35° to +60°C storage.

Temperature Coefficient: (0° to +18°C or +28° to +50°C)° .1
times the applicable accuracy specification per degree C plus
the initial +18° to +28° specification.

THESE 1981 B&K OSCILLOSCOPES N
ARE IN STOCK AND AVAILABLE
FOR IMMEDIATE DELIVERY

. ﬂ o4 PRECISION

1479A DualTrace 30 MHz
1477 Dual-Trace 15 MHz
1432 Dual-Trace 15 MHz Portable
1476 Dual-Trace 10 MHz

1466 Single-Trace 10 MHz

1405 Single-Trace 5 MHz
1420 Dual-Trace 15 MHz Portable
CALL FOR OUR

EARLY BIRD SPECIAL LOW PRICE

New Low Distortion Function Generator

24 Precision

mooeL 3010

* Generates sine, sguare and triangle
waveforms

* Variable amplitude and fixed TTL square-
wave outputs

* 0.1 Hz to 1MHz in six ranges
* Push button range and function selection

» Typical sine wave distortion under 0.5%
from 0.1Hz to 100kHz

* Varable DC oftset tor engineering
applications

* VCO external input for sweep-frequency
tests

Call For Our Price

(i-DATA PRECISION
Model 938

0.1%, 3¥2-Digit, LCD DIGITAL
CAPACITANCE - WDE RANGING — from 199.9 of full scale

(0.1 pF resolution) up to 1999 pF full scale. in
M ETER eight ranges..virtually every capacitance you'll
ever need to measure.
* FAST AND EASY TO USE — Direct reading,
pushoutton ranges. Just plug in and read.
* EXCEPTIONALLY ACCURATE — provides
+0.1% basic accuracy.

» TOUGH AND COMPACT — Built to take rough
usage without loss of calibration accuracy. Fits
and goes anywhere; takes’ very littie bench
space; aways handy for quick capacitance
checkout, matching, calibration, and tracking.

* PORTABLE — Paimsized, lightweight. operates
up to approximately 200 hours on a single 8V
alkaline battery.

» EASY READING — big, clear. high-contrast
3142-0git LCD display, a full 05" high, readable
anywhere.

* VALUE PACKED — Qutstanding measurement
capabiity and dependabiity. Outperforms DC
time-constant meters, and even brages costing
210 5 times as much.

\ o RELIABLE — warranteed for 2 full years

80MHz Counter with Period Function
mooe. 1820

* 5Hz to 80MHz reading quaranteed—
100MHz typical

* Period measurements from S5Hz
to 1MHz

* Period average, auto and manual
positions

* One PPM resolution
* Totalizes to 999999 plus overflow

* Elapsed time measurements from .01
to 9999 .99 seconds plus overflow

* One-megohm input resistance
* Bright .43 high LED readouts

Call For Our Price

We carry a full line of multimeters, oscilloscopes,
frequency counters, audio and RF generators,
power supplies and accessories.

Just call our Toll-Free number and one of our
experts will answer all your questions about test

equipment. )

www americanradiohictory com



V-151B 15 MHz Single Trace
V-1528 15 MHz Dual Trace
V-202 20 MHz Dual Trace
V-301 30 MHz Single Trace
V-302B 30 MHz Dual Trace
V-352 35 MHz Dual Trace
V-5508 50 MHz Dual Trace,
Dual Time Base
V-1050 100 MHz Dual Trace,
Dual Time Base

Call For
Special
REBATE OFFER

BATTERY OPERATED

P
1€ PRECISION @HITACH) VIZ sicn HICKOK
FLUKE
(i-DATA PRECISION ) DORIC
(_ = —
il NEw — [EIGINEY MODEL 130
| |i“' o+ {‘ ‘ NOW DIGITAL MULTIMETER
= - g8 “3 ‘d RANG ACCURA
L] S (f i [ " AVAILABLE DC VOLTAGE : e
-.( _f“l_ tadl | 2_0 lioomv, 2V, 20V, 200V, 1000V [ 5% |
@ H ITACH' AC VOLTAGE
| 200mv, 2v, 20v, 200v, 750v | 1% |
= DC CURRENT
[2mA, 20mA, 200mA, 2000mA,1oA[ 2%—| I
V209 20 MHz, Dual Trace, Portable,
Complete with built-in Battery Pack. AC CURR,ENT
!_2mA, 20mA, 200mA, 2000mA, 10A] 3% ]
V509 50 MHZ, Dual Trace, Dual RESISTANCE
Time Base, Portable (Battery pack $125. @Q' 2kQ, 20kQ, 200kQ, 20M Q ' 59%, ]
optional).
SAVE UP TO $500 PORTABLE
@ H ITACH ! OSCILLOSCOPES

I @ Non-Linear Systems

Call For Our Prices

Dual Trace 15 MHz

KEITHLEY

Model 169
BENCH/PORTABLE DMM !
e 3/, Digit liquid crystal

[ - |

New Sweep/Function Generator

o€ RECISION

yoLL FREEN

E 300-22 -0474

display wooee 3020 Call For Qur Price
A * Four instruments in one
Py 0.25%, bas|c accuracy package—sweep generator, tunc-
tion generator. pulse generator.
e 26 Ranges tone-burst generator hree-step attenuator plus
* Covers 0.02Hz-2MHz vernter control
$189.00 ® 1000 1 tuning range * Internal linear and log sweeps
* Low-distortion high-accuracy * Tone-burst output is front-panel or
> J outputs externally programmable
f ” THE TEST EQUIPMENT SPECIALISTS
A Py

m 2 —
3 [ ]
\ 54 WEST 45th STREET. NEW YORK. N.Y 1003¢ 212-6872224EECM? C
———
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In general, spring reverbs don't have the
best reputation in the world. Their bassy
“twang’ is only a rough approximation of
natural room acoustics. That's a pity because
it means that many people will dismiss this
exceptional product as “just another spring
reverb”.  And it's not. In this extraordinary
design Craig Anderton uses double springs,
but much more importantly “hotrod's” the
transducers so that the muddy sound typical
of most springs is replaced with the bright
clarity associated with expensive studio
plate systems.

Kit consists of circuit board. instructions.
all electronic parts and two reverb spring
units. User must provide power{£9to 15v)
and mounting (reverb units are typically
mounted away from the console).
CHARGE TO VISA ORMC TOLL-FREE

1-800-654-8657 9aM1to 5PM CST MON-FRI

DIRECT INQUIRIES TO:

BAA Electronics, Inc.

Dept.6 = 1020 W. Wilshire Bv. Okiahoma City. 0K 73116 (405) 843-9626

I-l | Send the 6740 REVERB KIT $59.95 plus -I

I shipping (33) enclosedor charged. I

| 1 Send Free Catalog

I name I

I address I
state zip

CIRCLE 43 ON FREE INFORMATION CARD
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continued from page 28

by a readout of 17 with a decimal
point. That is also the “‘open’ indica-
tion when checking resistance. Polarity
switching is automatic. No sign, posi-
tive voltage: minus sign, negative
polarity. LLow battery-voltage is shown
by the appearance of a small arrow
above the minus sign on the readout.

AC and DC voltages start at 200 mV
and go up to 650V maximum in five
ranges. Current ranges for AC or DC
start at 2.0 mA and go up to 2A. A
separate 10-amp range is provided along
with a separate jack on the side of the
case. Resistance starts at 2,000 ohms
and goes up to 20 megohms. Accuracy
is 0.25% for DC volts.

All ranges are well-protected by fuses
and internal protective circuitry, in-
cluding thermistors. zener diodes, and
so on. The 10-amp range does not have
fuse protection. However, it will with-
stand currents up to 20-amps—but for
not more than 30 seconds! The DC volt-
age ranges are designed to take over-
loads up to 260 volts (and that is on the
200-mV range!) and the other ranges
will take 780 volts. AC ranges will take
voltages up to 250 volts on all ranges.
Even the ohmmeter is protected against

accidental application of up to 250
volts. (The manufacturer says that, but
so far I've never had the intestinal forti-
tude actually to try ith

To go back to the folding case for a
moment, that is a neat and practical de-
sign. The workmanship looks very
good, and the cover stays right where
you set it (Incidentally, the case was
designed by Porsche. If you buy one,
you can tell your friends casually that
you just got a4 new Porsche!) The panel
design is uncluttered; there’s only one
thing on it: the RANGE/FUNCTION selector
switch.

Well.. there are two, if you count the
ON-OFF switch. which is a little rocker
switch down in the lower right corner.
The front panel is solid black with
white markings that are easy to read.
Test leads plug into a row of jacks.
plainly marked on the panel. on the
right side of the case. The case can be
closed without unplugging the leads.
The protective fuse is also here, be-
tween the + and the 10A jacks.

The test leads are model KS-17 and
are contructed of heavy wire. with cor-
rugated grips on the handles, and a pro-
tective collar at the end. The probe has
a sharp-pointed banana tip. and if you
want to check components with thin
leads. just slip them inside the springs
of the banana clips. The instrument-end

continued on page 103

137 new RCA flameproof
metal resistors.

Now. ..
780 Types

For More Applications

With values from 0.1 ohm to 22 megohms, RCA Flameproof
Metal Resistors cover the great majority of resistor
replacement needs in TV, video, and industrial servicing.

e Can replace composition, carbon film, wire-wound

and other metal types.

¢ Tolerance ratings of = 2% on most values. Ratings of

Ya, V2, 1 and 2 watts.

Get your RCA Fiameproof Metal Resistors in convenient,
colorful packages from your RCA Distributor today. Or, for
further information, write: RCA Distributor and Special
Products Division, 2000 Clements Bridge Road, Deptford,

& N.J.08096. Attn: Sales Promotion Services.

3

o

2 Flameproof
w

o)

a

<

o8

32
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ADVANCE 1S PROUD
TO INTRODUCE

The ) HITACHI Line

of High auality Oscilloscopes

All Hitachi Instruments
Are Backed by
A Two-Year Warranty

V-202 & V352
20MHz & 35MHz DUAL TRACE

OSCILLOSCOPES

1. SquarecéRT with intern
(illumin&fdd scal

. High-accuracy vol

\S]

AT LAST A 100MHz OSCILLOSCOPE

 Ful Ty ¢ &
%ﬂi O mDLSTOCK FOR
DIATE DELIVERY
¥ ¢aCERT_ -
m (a Type

jls and time axis
set at +3% (certiti

at 10° to 35°C
. High- sensntofynty ImV/div
©
. Low drift o
. Dynamic rangg 8 div.
. TV sync-separator cir )
. Built-in signalqeﬂ.éy\hne (V-352)
. X-Y operation

O o N o UL W

. Sweep-time magnifier (10 times)
10.
11.

Trace rotation system
Fine-adjusting, click-positioning function

THE TEST EQUIPMENT
SPECIALISTS

TOLL FREE HOT LINE
800-223-0474 | =]

e

WORTH WAITING FOR
WITH NO WAITING

CALL FOR
INTRODUCTORY
OFFER

HITACHI
100MHz
OSCILLOSCOPE
MODEL V-1050

® 20kV CRT supply

® | arge, bright 8 x 10 cm screen

* Four-trace operation (Ch1, Ch2, A trigger, B trigger)
¢ High sensitivity 500 uV/div (5SMHz)

® High accuracy +2% (+ 10°C to 35°C)

® Alternate tlmebaieroo

yp
Hitachi 150BNB31 rec
metal backed pl

%type tube ("vc% 20kV acceleration potential and
eritieal Channels) ;
i ime N 1

00MHz and rise time 3.5ns or less. D9 to at least SMHz and rise time
70ns or less at 10 X magnification. Lower -3db pointdvg coupling 10Hz or less. 10x
probe: 1Hz or less. 2.

HORIZONTAlﬁ_&&TION

lmﬁm
p&n div. to 0.5s/div. in 23 calibrated steps, liﬁ’\mnce Uncalibrated continuous

control between steps 1: < 2.5
Time Base B

20ns/div. to 50ms/div.
sweep rate to

Cahbr

ég 2 callb}a%d steps 1-2-5 sequence. 10x mag extends fastest

a |brated control between 0.5 and 10x time base A sefting.

54 WEST 45th STREET, NEW YORK, N.Y. 10036 212-687-2224

* Large, Bright 8 x 10cm Screen

¢ High Sensitivity 1mv/div
(10MHz)

* 5 ns/div Sweep Rate

¢ 3rd Channel Display
(Trigger View)

V-550B 50MHz, DUAL TRACE DELAYED SWEEP

PORTABLE OSCILLOSCOPE

Delayed sweep
permits 1,000 X
Magnification

Variable Hold-off
Circuitry Facilitates
Pulse Measurement

® Variable Trigger
Hold-off

e Full TV Triggering

¢ Single Sweep

¢ Automatic Focus
Correction

www americanradiohistorvy com




STATE OF SOLID STATE

Advances in IC-timer technology

ROBERT F. SCOTT, SEMICONDUCTOR EDITOR

RADIO-ELECTRONICS

THE 555 INTEGRATED-CIRCUIT TIMER IS
probably the most popular and widely
used IC since the development of the
709 and 741 op-amps. Numerous appli-
cations for this device have appeared in
nearly all contemporary electronics
magazines and in several books devoted
entirely to the 555. The device can be
used in the monostable mode as a timer,
or as a free-running multivibrator when
operated in the astable mode. The
theory of operation and a number of ap-
plications for that versatile semicon-
ductor device were covered in-depth in
the February, March, and September
1976 issues of Radio-Electronics.

Now, Exar Integrated Systems (750
Palomar Avenue, Box 62229, Sunny-
vale, CA 94088) has introduced the
more sophisticated XR-2243 Micro-
power Long-Range Timer; a device that
can easily surpass the 555-family of IC’s
in versatility, and popularity among
electronics hobbyists and experimenters.

That device 1s a monolithic timer/

TIME BASE R

T
ouTPUT Cc TRIGGER RESET
] 8 | 7 I 6 §
1

|
BIAS
|| TIMEBASE &
GENERATOR | POWER
SHUTDOWN

CONTROL
FLIPFLOP

CHRCUIT

11.STAGE COUNTER
SECTION

TABLE 1—XR-2243 BASIC CHARACTERISTICS

Parameters
Supply voltage
Standby current
Operating current

Timebase timing accuracy

Temperature drift
Maximum frequency
Timing resistor Ry
Timing capacitor Cy
Trigger threshold
Trigger current
Trigger impedance
Reset threshold
Reset current

Reset impedance
Power dissipation

Typical values
2.7V min, 15V max
45—80—250 uA
750—900—1250 uA
0.5%
80—150—300 ppm/°C
35 kHz

5K to 10 meg
.005 uF to 1000 uF
1.4V
22 uA
25K
1.4V
22 uA
25K
300 mw

Conditions
Vo = 2.7+—5—15V
Vee = 2.77*—5—15V

N e B VA
Vee = 5—15—8V

Vgs = OV, Vi = 2V

Vip = OV, Vg = 2V

*Vrg = OV, Vpg = 5V
**¥V1p =5V, Vpg = OV

controller capable of producing time
delays ranging from microseconds to
days. The functional diagram for the
XR-2243 s shown in Fig. | and the
basic schematic diagram is shown in
Fig. 2. (Compare these circuits with the
555-timer IC’s block diagram and sche-
matic that appears in the February 1976
issue and you’ll see some of the ad-
vances that have been made since the
555 IC was first introduced.)
Applications for the XR-2243 include:
sequential timing, generation of long

uTRI: L time-delay periods, precisipn .timing,
| Nt;-l 'E-Z and ultra-low-frequency oscillation. Its- |
t drain 1s extremely low—less
T T o curren
Vec  OUTPUT1 OOTPUT2 ‘h'b':s than 100 « A on standby and less than |
FIG. 1 mA during normal operation. Those
1
O
POWER SHUT DOWN Vee
By
BIAS
CONTROL
:E ] CIRCUIT 11 COUNTERS FLIP
9 COMPARATOR FLOP
b R TIME |
3 Y BASE 5, g6
1 FLIP RESET
7 COMPARATOR| £ o ‘_‘ kel
> [ e _ (TRIGGER)
Cy ) I I 1
OUTPUT ouTPUT oUTPUT
b DRIVE pRIVE | = orive
2R, CIRCUIT CIRCUIT CIRCUIT
4 b
= = 8 la lz
FIG. 2

(plastic package)

minimal current requirements make the
XR-2243 highly applicable for use in
battery-powered circuits. The XR-
2243’s basic electrical characteristics
are listed in Table 1.

Operation

The XR-2243 (see Figs. 1 and 2) has
three main sections: the timebase gen-

OVee
<4
n
— 8 ==
1 8
7l
XR-2243 ¢ !
S 7
5 TRIGGER jy_
RESET

~ 51K

FIG. 3

erator. an 11-stage binary counter and a
control flip-flop. The timebase genera-
tor is a relaxation oscillator. whose fre-
quency and period of oscillation are de-
terminated by the values of the compo-
nents of an external R-C network (R
and Cp)that is connected to pin 7 of the
device, as shown in Fig. 3.

The timebase flip-flop produces a
string of clock or timing pulses with a
period equal to R x C. Those pulses

(%)
o

www americanradiohistorv com




2200 SERIES

TE

~ DUAL TRACE OSCILLOSCOPES

THE PERFORMANCE/
PRICE STANDARD

Tektronix 2213 2t

Introducing a direct line
to a 60 MHz Tektronix scope
built for your bench!

From the world’s most
respected name in oscil-
loscopes: a new scope,
plus a new direct order
number, that finally
makes it practical to put
Tektronix quality on your

bench...at work or home.

Among professional en-
gineers and technicians
there is no substitute for the
performance and reliability
of Tektronix oscilloscopes.

Now, for the first time
Tektronix is offering an ad-
vanced scope at an un-
precedented low price —
and has a direct order line
that lets you get your order
processed today!

The scope: the 2213.
Its radical new design
brings you Tektronix
quality for well below
what you would pay for

lesser-name scopes.

The 2213's practical de-
sign includes 65% fewer
mechanical parts, fewer
circuit boards, electrical
ccnnectors and cabling.
Result: a lower price for you
plus far greater reliability.

Yet performance is pure
Tektronix: there's 60 MHz
bandwidth for cigital and
high-speed anzlog circuits.
The sensitivity for low signal
measurements. The sweep

speeds for fast .ogic families.

A complete trigger system
for digital, analog or video
waveforms. And new high-
performance Tektronix
probes are included!

2213 PERFORMANCE
DATA
Bandwidth: Two channels,

dc—60 MHz from 10 V/div
to 20 mV/div. (50 MHz from

2 mV/div to 10 mV/div).
Sweep speeds: Sweeps
from0.5st050ns (o5
ns/div with X10 mag).
Sensitivity: Scale factors
from 100 V/div (10X probe)
to 2 mV/div (1X probe), Ac-
curate to = 3%. Ac or dc
coupling.

Delayed sweep meas-
urements: Standard
sweep, intensified after
delay, and delayed.
(Need dual time-base
performance and timing
accuracy to * 1.5%7? Ask
about our 2215 priced at
$1400))

Complete trigger system:

Modes include TV field,
normal, vertical mode, and
automatic; internal, exter-
nal, and line sources; vari-
able holdoff.

Probes: High perform-

ance, positive attachment,
10-14 pF and 60 MHz at the
probe tip.

The price: Just $1100
complete*. Order direct
from Tektronix National
Marketing Center. Phones
are staffed by technical
people to answer your
questions about the 2213.
Your direct order includes a
15-day return policy and full
Tektronix warranty.

Now it’s easier than
ever to get your hands on
a Tek scope!

ORDER TOLL-FREE

800-547-1845

Ask for Dept. A0120

(In Oregon, Alaska and
Hawait: 1-503-627-5402
collect.) Lines are open
from 8 am EST to 5 pm PST.

“Price FO.B., Beaverton, OR

Copyright© 1982 Tektronix. Inc. All rights reserved. 121
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Tektronix

COMMITTED TO EXCELLENCE
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RADIO-ELECTRONICS

W
-]

(available at pin 8) are internally fed to
an 11-stage binary counter. For a given
R x C product, the counter produces
(at output pin 3) an output-delay pulse
of 1024 x R x C. Cascading two XR-
2243’s produces a total time delay of
1024 x R x C or 1,048,576 x R x C.
Similarly, cascading three stages will
produce a 1024° x R x C time delay.
Thus, we see that by simply cascading
timer stages, we can achieve delays of
days, weeks, months, and even years.
For example, a controller for time-lapse
photography applications can be de-
signed around just a single XR-2243
timer.

The first and last counter stages drive

output transistors that are capable of
sinking 10 milliamperes. The second
output pin (pin 2) delivers a squarewave
with a period of 2 X R x C during the
timing interval.

The third section of the timer IC is
the control flip-flop. That circuit resets
each counter stage in the XR-2243 to a
logic-1 level and starts the timebase
generator when a positive-going trigger
pulse is applied to the SET (TRIGGER) pin.
That section also activates a shutdown
circuit when the timing cycle is com-
pleted, or when a positive-going reset
pulse is applied to pin 5. When power is
shut off, bias voltages are removed
from the timebase generator and the

Videotex'82

bites the big apple

New York Hilton June 28-30 1982

Videotex Telecoms

Videotex and unrelated information services impose unique
network requirements, The conference will consider the wide
range of alternatives now emerging for videotex telecoms
including telephone, cable TV, satellite and microwave links along
with likely hybrids. It will evaluate the operation, application and
economics of gateways to private database and explore the
interworking features of various national systems. Speakers from
the U.S., Canada and Germany will discuss these issues and
various national network applications.

For conference details clip your business card to this
advertisement. For exhibition information telephone immediately
— a space can be reserved awaiting your written confirmation.

Appointed North American agent for Videotex '82:
Meeting Systems Inc. 286 Fifth Avenue, New York, NY 10001.

Phone: 212-563 1000.

e

Online conferences Ltd., Argyle House, Northwood Hills,
Middlesex, HA6 1TS, U.K. Phone: Northwood (09274) 28211
int'l phone: 44-9274 28211 Telex: 923498

www americanradiohistorv com

counters. Standby power drops to the
microwatt range with a typical supply
current around 85 uA when V¢ is §
volts.

Figure 3 shows the two basic modes
of operation for the XR-2243. In the
monostable mode—as used for time-
delay and timing applications—the out-
put terminal (pin 3) is connected to the
RESET pin (pin 5) through an external
resistor. The circuit is triggered by a
positive-going pulse applied to pin 6.
The last counter output goes low as the
first timing pulse is fed through from
the timebase generator. The pin-2 out-
put remains low until after the 1024th
timing pulse has passed.

After the 1024th timing pulse. the
output goes high, delivering a positive-
going pulse to pin 5. That positive-going
pulse terminates the timing cycle and
resets the circuit. The time interval be-
tween the set and reset actions is 1024
x R x C. During the timing interval.
the timebase generator produces, at pin
. a squarewave output with a period of
x R x C.

In the astable mode, the output at pin
3 is not connected back to the RESET
pin. A trigger pulse on pin 6 starts the
timer. That timer continues to operate
in the free-running mode and produces.
at pin 8, a squarewave with a frequency
that is 1/2048th of the timebase-gen-
erator frequency. R-E
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ATTENTION

TECHNICIANS

ARE YOU TIRED
of being

“only a serviceman’”’
or
“just a technician’’?

THE LETTERS “CET
AFTER YOUR NAME SPELLS

“PRIDE”

CERTIFIED

Take pride in
your profession—
Decide tobe a CET

For information about: __ exam dates;
_____ requirements; study guides;
other

Send to: NESDA/ISCET
2708 W. Berry St.
Fort Worth, TX 76109
(817) 921-9101

Name __

Address

City St. Zip




THE $595°
SMART TERMINAL

The Heath 19 Smart Video Terminal gives you all the
important professional features you wantin ater-
minal, all for under $600: You get the flexibility you
need for high-speed data entry, editing, inquiry and
transaction processing. It's designed to be the back-
bone of your system with heavy-duty features that
withstand the rigors of daily use.

Standard RS-232C interfacing makes the 19 com-

And with the 19, you get the friendly advice and
expert service that makes Heath/Zenith a strong
partner for you.

Reverse video by
character lets you
emphasize words,
phrases or paragraphs.

Completely ad-
dressable blinking
cursor lets you
edit anywhere on
screen.

Complete ASCII
character set includ-
ing upper case,
lower case with
descenders, and
special graphic

symbols. \

80 character by 24
line format, ptus 25th
line for operator mes-
sages and prompts.

pe!

Professional
quality keyboard,
standard type-
writer layout, 72
keys, including

12 special function
keys.

“In kit form, F.O.B. Benton Harbor, Mi. Also available the completely assembled Zenith Z-19

at $895. Prices and specifications are subject to change without notice.

CIRCLE 4 ON FREE INFORMATION CARD

patible with DEC VT-52 and most computer systems.

Sold through Heathkit Electronic Centerst nationwide
(see your white pages for locations). Stop in today

for a demonstration of the Heath 19 Smart Video Termi-
nal. If you can’t get to a store, send for the latest
Heathkit® Catalog. Write Heath Co., Dept. 020-904,
Benton Harbor, M1 49022.

HEATH/ZENITH

Your strong partner

Z-80 microprocessor-
control makes the 19
capable of multitude of
high-speed functions.
It's the only terminal
with ROM source code
readily available.

High resolution CRT
gives you sharp, easy-
to-read image, reduces
eye-strain.

Insert and delete

character or line plus

erase to end of line
and end of screen

i ] make the 19 ideal

for sophisticated

| editors like WORD-

- / STAR.

Cursor and
special functions
are accessible

by keyboard or
computer, using
either DEC VT-52
= j or ANSI Standard
protocols.

&
£

"I| Heathkit | /= )
/i Keypad in
calculator format
permits fast,
easy entry of
numeric data.

+Heath Company and Veritechnology Electronics
Corporation are wholly-owned subsidiaries of Zenith
Radio Corporation. The Heathkit Electronic Centers
are operated by Veritechnology Electronics Corporation.

CP-202C
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WE WILL BEAT ANY ADVERTISED PRICE.

This offer applies only 10 items in this ad. Ad showing advertised price must accompany your order.

BECKMAN
Has 7 functions and 29 ranges,

' V2 Digi imeters pius 0.1% vOC accuracy and t
Restorer Y 32 Dlglt Multimete RllsJAS capabllltyi:cAé"iC)E)%) rue

Analyzer 4 ) -\ TECH 310

ith Hi i i Has 7 functions and 2% runges
With High Speed Multiplex Technique R e e c.roh

Model 467 Al H’ﬁ ) )
OOReSlores color and B/W i = & i s $140.

picture tubes |ike new! Uses the w/free case

most powerful restoration

method known with minimal

danger tothe CRT. ® Exclusive TECH 350 TECH 360

multiptex test technique Bright, 0.5%"" LCD ‘display Single  Input jack for a standard K-type
easy-to-use switch. Separate diode  thermocoupling, enabling user to

test function. Low power resistance measure temp from —20°C to

Portable Digital Capacitance Meter _ e

820 | range. 22 megohms input resistance  +1265°C. Switch selectable mea-
Model | 12,000 hour battery iife. surement of true RMS (AC +_DC}
® Measures capacitance from vy 321 0 or AC only voitages and currents
01 pFto1 Farad ® Resolves /
10 0.1 pF @ 10 ranges for ac- " s269. 95

curacy and resolution ® 4 digst
easy to read LED display

® (5% accuracy. ® Special
lead insertion |acks or banana

Sweep/Function
Generators
Model 3015

TECH 300

Has 0.5% VDG accuracy and all

the fealures of TECH 310, except SI 20.
the continuity test function and

10-amp current ranges. w/free case

Multimeter

® Free 10 amp current shunt.
® General purpose True RMS multimeters
with identical features except for power sources.

Model 810 Mode! 811

in 3 ranges. ® QOutputs: Sine,
square or triangle. ® Variable
Amplitude. 15 V p-p, open Cir-
cuit; 7.5 V p-p into 600 ohms.
® Pulse Qutput: Fixed amplitude  Model 3030

® Frequency: 2 Hz to 200 kHz, | . § erates on fine voitage ~Operates on line voltage

269 g5 b?Ing vaut[? trechargeable
ad batteries. $309 95
Hand ‘Held DMM with rree case

TTL level, logic high greater ¢ Frequency: 0.001 Hz to 5

than 3 voits. ® Accuracy: £:5%

$230.
Model 3025

® Frequency: 0.005 Hz to

5 mHz in 7 ranges. ‘@ Qutputs:
Sine, square, triangle of haver-
sine. @ Variable Amplitude: 20V
p-p. open circuit; 10 V p-p into
500hms, ® Accuracy £5%F.S.

RN

mHz in 8 ranges. ® Outputs:
Sine, syuare, triangte, pos/neg
square, pos/neg ramp. ® Varl-
able Amplitude: 20 V p-p, open
circuit; 10 V p-p, into 50 ohms.
® Accuracy: *(1.5% setling
+1%F.S), 0.001 Hzto 1 mHz;
+(2% setting +2%F.S), 1 mHz

tp 5 mHz.

$547.
IFour Instruments
n

Model 3020

Four instruments in one pack-
age— sweep generator, function
generator, pulse generator, tone-
burst generator @ Covers 02 Hz
to 2 MHz @ 10001 tuning

range ® Low-distortion high-
accuracy outputs @ Three-step
attenuator plus vernier control

Model D800

Fluke's fowest priced
DMM. An aifl purpose
instrument for basic
measurement needs.
Five ranges for AC
and DC voltage
measurements. Four
ranges tor AC and
DC current tests. Six
resistance ranges.

$125."

Model 260-7

® 28 time-proven ranges. ® Direct dial

Model D802

Sameas Modei D800
but has a basic.DC
accuracy of 0.1%
and Fluke conduc-
tance function for
accurate high resist-
ance measurement.

Model D804

The most powerful in
the series. Al features
of Model D802 plus
capabilitv to check
continuity and logic
levels, measure temp
with K-type thermo-
couples and capture
peak readings of
transients.

reading of Amp-Ciamp ranges. ® Only 2 bat- 1 int
teries . . . one 9-volt and one 1.5 volt “D" celt 3 /2 Dlg“al

® 260-7 complete with batteries, test leads Multimeter

and manual s 95
an Dlstumon Function Generator © 260-TM with mirror scale =_ =] Model 467 229,
& 260-7RT in roll case ® LCD analog bargraph to indicate nulls, Jeaks and

Model 3010 ® 260-7MRT with mirror scale, trends. @ Differential peak hold captures maximum (peak)
® Generates sine, square and in roll top case and minimum values of complex waveforms. ® 50 u/sec

® |nternal linear and log sweeps

triangle waveforms @ Variable pulse detection. ® True RMS measuring capabiiity.
amplitude and fixed TTL square-
waveoutputs @ 0.1 Hzto1 MHz

@ in Six ranges ® Typical sine
wave distortion under 0 5% from
0.1 Hz to 100 kHz

-~ Dual-Trace 30 MHz
=~ _x Delayed Sweep Scope
i Model 1530

® Delayed sweep operation for
sweep expansion up to 1000x.
® 30 MHz response; usabie
to 50 MHz. ® 5 mV/division

Available with reset pushbutton releases when
overload exists.

@ Touch selection and control
of functions, ranges and power.
® Large (0.55" high) LED read-
oul. @ Automatic polarity and
overload indication. @ In-circuit
test capabilities.

Portable Triggered Miniscopes

RADIO-ELECTRONICS

P
o

Model TT-20.. .......$369.95
Model TT-20 B With batteries and charger . ...$396.95 Model MS-15 15 Mz -
Model TT-21 with LcD readout ... $420.75 Model MS-215 15 MHz Duai Trace $419.95

Model TT-21 B witn LCD readout, batteries and charger $446.25 Model MS-230 30 MHz, Dual Trace $549,95

sensitivity, selectable 2 mv to
20 mHz. @ Variable hold-off

= for puise train dispiay. ® Single-
sweep for nonrepetitive wave-
forms. ® Built-in triggering
filters.

= i
@ Master Charge B Money Order ADD FOR SHIPPING AND INSURANCE
W VISA BCOD @ Check S251700 : Sggggg $4.50
Y. idents add o
N e e 501.00to 750.00 ...

appropriate sales tax.
$25.00 minimum order 751.00 to 1000.00.

855 Conklin St.Farmingdale, N.Y. 11735 (RaIEIRIS IR sa

www americanradiohietory com



ASK ABOUT OUR SPECIAL PURCHASE BONUS.

Not responsible for typegraphical errors.

3% Di?it
0.1% Ligital
Capacitance Meter

Model 5001

For the electronic measurement and display of freq sency, peried,
interval and counted events. Unique full input signa conditioning

Freqﬂnﬂ Coun!er

| IF:;— BY¥253 ¢ !7) =
. H i

I
T

Model 6001 9425,

® 5 Hertz .0 650 MHz ® 10 MHz crystal ovey timebase
input ® Selectasle 0.1, 1.0, 10 sec gate ® Swdtchabie low
pass 50 KHz filtsr ® True TTL compatibility-atanput

9" Scopes
Model LBO-513

Singie Trace amth probe

$472.50 [ uee GOS0
Model LBO-514
Dual Trace weh probes: $508. 75

20 MHz Oscilloscopes
® Add and subtract ’

modes (with CH-2 L B
invert), permite differ-
ential measurements
(Model LBO-5(8A
only). ® Front panel
X-Y operation ideal for
phase-shift anaiysis,
sweep alignment and
vectorscope sevice
{Model LB§)-55(8A
only). ®:17.5 manosec
rise time lor easy view-  9936.25

ing of high speec puises  Model LBO-508A
and wave forms, Dual Trace with prodes

Modal LB0-5084

Model LBO-507A

Single Trace with psobe

Q It's a dua OC Voltmeter 25
Its a tripe OC Power Supply 3361.
© Three sepa ate completely isolated OC power supplies:
two 0-20V @ 0-2A, one fixed 5V @ 4A @ Excellent
line and load egulation ® Fully adj. current imiting
on the two va iable supplies

Hand-He d Beeger
Digital Multimeter
Model 128

® L CO displa~. ® 0.5% basic
accuracy. @ 'z digit resolu-

tion. ® ‘Beepe” operates on all
ranges and fur ctions

$139.

w/free case

Hand-Held Digital 4% Digit
Multimeter Multimeter
Model 130 Model 135

® (5% basic accuraty. ® 3'2 ® 0 5% basicaccuracy. ® 4%z
LCO display digit resolution provides wide

namic range. ® LCO dislay.
$124. e
w/free case 3235-

w/free case

Magnifier
Lamp
Model, LFM-1A

Otters latge viewing zrea for fine details compunent
assembly and other clase wark. Has unique double
tension control. In grey, black. white and tan. Three
diopter, 13" locus standard on all models. {45 reach).

$74.° |

Magna-Lux Lamp

]
Model LUX-28  $29.%%

Magnifier utility lamp. The 33" diameter
lens supplemented by a 40-watt stand-
ard appliance bulb A-15 incandescent
bulb Sold in black only, has
an arm reach oh39" and

includes a factory installed

3-diopter lens. Same
magnification as LFM-1A

QYL " Model TC-150/ST

Contains 23 individual
tools, 24 Series 99

interchangeable screw-
driver/nutdriver blades
and handles, 2 meas-
uring tapes, soldering
iron, recharger, soider.

\
Model TC-200/ST

Smaller version of the TC-100
case. = 7 interchangeable Series
99 scrawdrivers and nutdrivers,
for use with the straight or tee
handle pius 10 assorted snips,
phers, =vire cutters and wrenches.

$179.%

WWW americanradiohistorv com

®
\\q}@' QS{& Attache Styl= Tool Cases

Dual Trace
Oscilloscopes

e

Economically priced, general-purpose oscilloscopes.
Square, 5% * CRT with internal graticule (iluminated
scale). High accuracy voltage axis and time axis set

at 3% (certified at 10°C and 35°C). High-sensitivity
design; vertical sensitivity of 1 mV/div. available. 8-div.
dynamic range ensures accurate measurement of wave-
forms without distortion TV sync-separator circuit

20 MHz 35 MHz 100 MH:z
Model Model Model

V-202 V-352 V-1050
$790. $1590.

77X Controlled
or-bumanie . Qutput
J} Soldering
Station
Model WTCP-N

Portable
Desoldering
Stations

Model DS-600

$325.

53 individual screw-
drivers, nutdrivers, pliers
and wrenches, 31 Seres
99 interchangeable
screwdriver/nutdriver
blades and handles, and
two screwdriver/nut-
driver sets

$325.

Tool Kit
Model 99-SM

24-piece kit

in N.Y. State call

(516)752-0050

Model TC-100/ST

€861 INNr

&
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Compare the best.

We'd like you to compare Keithley's new Model 179A general purpose
bench TRMS multimeter to its closest competitor.

N\
r.b«.\ 5

\ %, c)
\% 2
o
179A 3359
8050A 3369

Dollar for dollar, feature for useful feature, we think our new 179A gives
you more common sense utility for your money. What do you think?

I'd like a closer look at the 179A. Please
call me to arrange a demo.

Please send the new Keithley handheld,
portable and bench meter catalog
including the complete 179A specs.

I'm interested in other Keithley products.
High resolution and Systems DMMs.
Keithley Scientific Instruments.

Name._ s _ _Title o - S E—
Company _ _ =" Phone _ | N S
Address . — p— — - L = -
City - _ —_— State n ___Zip S

- MAIL TO:

Q

z

S KEITHLEY

T

i ]

O

|

@ Keithley Instruments, Inc.

g 28775 Aurora Road/Cleveland, Ohio 44139-9990/(216) 248-0400

g
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LETTERS

continued from page 16

8-BALL ANTENNA

| built the 8-Ball satellite-TV antenna
described in the August, September, and
October 1981 issues of Radio-Electronics.
It is a well-thought-out design, and a fine
project for someone who wants to save
money, after considering the cost of a
commercial dish. The over-all article is
written very well, with all the necessary
details to complete the projects.

| did notice two small mistakes, how-
ever. In Part 1, %1s-inch holes are specified
for the vertical strips of the lattice assem-
bly. Those should have been %/16-inch to
accommodate the Ya-inch bolts called for.
In Part 2, Fig. 20-a, a hole is shown as
being drilled four inches above the center
line; it should be drilled four inches below
the center line.

| also designed and built my own feed-
horn assembly. If any readers are inter-
ested in that information, | would be
happy to respond if an S.A.S.E. is sent.

The over-all cost of my antenna, includ-
ing concrete pillars, was $287.00. | used
cypress for the lattice assembly; that kind
of wood will not rot, and is readily avail-
able here in Florida. | built a template to
align the curvature of the dish, instead of
the radius-wire method specified in the
article and was able to obtain a very close
tolerance.

I'm using a KLM Sky Eye 2 receiver kit,
and a 120° LNA. My TV reception is very
good, and the results are well worth the
effort. | am looking forward to more satel-
lite-TV construction articles in future
issues of your magazine.

WILLIAM B. CLRIDA, Sr.,
2024 Magnolia Ave.
South Daytona, FL 32019

CAR PROJECTS

Although | enjoyed “'6 Projects for Your
Car’ in the April 1982 Radio-Electronics, |
must say that | found it rather incomplete.
The most important addition follows:

Murphy's Failure-Detector-Failure De-
tector: Since, by Murphy's Law, some-
thing will always go wrong, it's im-
mediately obvious that at least one of the
LED’s in your projects 2 through & will
always be lit! Therefore, your readers can
easily work out an elementary 5-input
logic gate that will light a warning if none
of the regular warning lights are lit.

Now uniess your readers are unusually
astute, it should be pointed out that the
Failure-Failure Alarm should monitor itself
also! If it does not light, it should, of
course, give some indication that it isn't
going to light.

Not only that, but a 7th alarm should be
provided (with an extra bright light) to in-
dicate a dead battery. Writers Gartman
and Weinstein failed to realize that that
common failure would render the other 5
alarms inoperative.

| will leave it to your readers to suggest
a simple way to warn the driver of his
failure to notice the alarms.

PETER LEFFERTS

San Martin, CA R-E



Introducing incredible tuning accuracy at an incredibly

affordable price: The Command Series RF-310)
31-band AM/FM/SW receiver’ No
otrar shortwave receiver brings in
PLL quartz syathesized tunirg and
all-band digita: readout for aslow a
price.* The tuner tracks and ‘locks’
on-o your signal, and tFe 5-digit dis-
pley shows exactly what freguency
you're on.

There are o her ways the RF-3100
commands the airways: It can travel
the full length of the shortwawe band
(that's 1.6 to 30 MHz). ll eliminates interference vhen
stetions overlep by narrowing the broadcast band.

It improves reception in stronJ signal areas wich RF
Gein Control. And the RF-310D0 catches Mors2

FF-6300 B8-banz A\ FNM/=W

>zmmunications acaurately with BFO Pitch Control.
Want to bring in your favorite programs wiztout lifting
a finger? Then consider the =anasonic
RF-6300 8-band AM/FM/SW receiver
(1.6 10 30 MHz) has microcomputerized
preset pushbutton tuning, far orogram-
ming 12 different broadcasts or the
. sam= broadcast 12 days in a “ow. Auto-
matically. It even has a qua-tzalarm
clock that turns the radio on and off to
' play your favorite broadcas:s.
The Command Series RF-3100 and
RF-6300. Two more ways toram the
Jobe a the speed of sound. Only from Para=onic.

“Shortwave “ecepticn will vary wath antenna. weather conditions, cperstor's
g3ograghec locatio ad other factors. An outside antenna may be »ejuired for
T aximuT shortwave reception

“B=xsed cna compariseon of suggested retail prices.

This Panasonic Command Series’
shortwave receiver brings the state of the art
closerto the state of your pocketbook.

N

 FR-Aw-BW 31-BAD RECEIVER/ W DOUBLE

-

— - © wan Y -

With PLL Quartz Synthesized Tuning and Digital Frequency Readout.

Panasonic.

just slightly ahead cf our time.
CIRCLE 6 ON FREE INFORMATION CARD
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£ RADIO-ELECTRONICS

70 Fulton Terr., New Haven, CT 06509 (203) 624-3103. TWX 710-465-1227

You cant beat
The System.

The Experimentor System™ —a quicker transition from imagination
through experimentation to realization. _

When you have a circuit idea that you want
to make happen, we have a system to make it
happen quicker'n'slicker'n ever before: The
Experimentor System.

You already know how big a help our
Experimentor solderless breadboards can be.
Now we've taken our good idea one step farther.
Twice.

We've added Experimentor Scratchboard
workpads, with our breadboard hole-and-con-
nection pattern printed inlight blue ink. To let you
sketch up a layout you already have working so
you can reproduce it later.

Experimentor Matchboard™ pre-drilled PCBs.

With Experimentor Matchboard you can
go from breadboard to finished nonstop! We've
matched our breadboard pattern again, thistime
on a printed circuit board, finished and ready to
build on. All for about $2.70*

There's even a letter-and-number index for
each hole, so you can move from breadboard
(where they're molded) to Scratchboard™
(where they're printed) to Matchboard™ (where
they're silkscreened onto the component side)
and always know where you are.

When you want to save time and energy,
you can't beat The Experimentor System.

Smarter tools for testing and design.

GLOBAL

Call toll-free for details

OTHER OFFICES: San Francisco (415) 648-0611, TWX 910-372-7992 1 OO 243 607 7
Europe: Phone Saffron-Walden 0799-21682. TLX 817477 CJ . =
Canada: Len Finkler Ltd.. Downsview, Ontario

"Suggested U.S. resale. Prices. specitications subject to chanae without notice. © Copyright 1981 Global Specialties Cosparation.
CIRCLE 11 ON FREE INFORMATION CARD

During business hours
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FHE BICC 24T PROELLEM MTH YOUFR
steres system is probably in your head
If all the scund It came.out of one
specaker ssgat ity one ear aad all the
soune: t1at ceme put of the othes
speaker went mso the cthe- ear, you
would pewczive an astcambing sonic
tmage. Unfortt natzly, yur cars don’t
work thet way — ghey both Fear some
souns from both speakers. That makes
the sonic image — your J2xeption of
the sterzz ‘‘stage’ — corsiderably
smaller amd a 08 ess detai ed than v
coulc be

While 1z basic comporents of &
steres scund-systzm arz <onstantly
being imprcvec, cheir pe—ermance has
reached _hz pont where it KCiflicult tc

models erd thé-olé. The JEZZ00 sterec
imagz expandzr. howeser can .en-
hancz the gperfonrance of a1y sterec
systemn, “ezgardiers<of its az=.r cost, by
processitz the soaed to krivgout deptt
and djmension that is nermaly lost ir
repreduction.

Listenimg to . ste-ec

The: 2=sic - s ucoph,rnc proc,esg
attermpts so reprad ice a detzded three-
dimensicera (sound pictirz Or image
using twe oudsdezkers. In the ana-
logous 3 3-movie process e left image
Is kept out of the night €y and vice
" verse, by aclar ze¢ fensesenc each eye
sees. only whet was inzended for it
prod._cirg 41 the brajn a true3-dimen-
sione imege. The svund of each sterceo.
loudspezker. .though.:is hcard by botk:

| ears snd me L‘]qs on of §pi>eand-depth

i1s muddied &

The megor eFeatcf that tte eo crosss:
. coupling 5 -to -limitithe ‘perception-o=*
the sgere« nmage % y"the small area:be-
tweer,y It spﬁkﬂs.J‘ Tedelay cir-
cuits ;and -somg -epecialiy- designec

spedkerc zzn‘adc ambiepe= or a sense

R——e

BUIBDRLEIS!

“is  ‘the

hear the differercs betwees'the new ' (U-S. patent No.

JOEL C3HEN

of spaciousness to t12 scund but they
car never recover tke major portion of
th= orginal image that is lost because of
th2 stereo “*double ex>posure.’’

The stereo image expander functions
as the sonic equivalent of 3D’s polarized
glasses. [t cancels mwst -of the stereo
crasscoupling, thus unfolding, and re-
focusing the origiral sound picture to
fill the space before you.

“he image-limitation of the
stereo playback-proeess is not -

- a_new problem invented to

sel new equipment. It. and
a process o correct it,
were  first  described
over 20 years ago. & -
technique

4,308.423) used
in the stereo

. image  ex- -
“ punder | that ' N, T

=

AL new

“and its de-

S.£n overcomes

<1 number . of - the
Jimitations.” Jof earhér
equipment

AMNMWVW Ame ANraaion 0 010 0

Stev=0 sound shouldn’t come from iust between your two speakers.
is easy-to-build stereo image expander can turn your whole
Isteping room into a “‘sonic stage."’

How we hear stereo

In a typical live listening-situation a
listener hears all sounds at alimost the
same level in both cars. He uses the
slight difference between the firsr-ar-

rival times—the instants that the cars

first perceive the sounds—of the sound

- at his left and right cars to pinpoint its

source. That time difference is known
as interaural delay and Fig: | shows an
example for a sound source located 60°
to the left of the listencr.

& 286, 3NNC
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CENTER
REAL LINE
SOUND | INTERAURAL
SOURCE DELAY FOR
@ 1 60° SOURCE
50° "ANGLE
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FIG. 1—INTERAURAL DELAY is what telis you
what direction a sound is coming from.

No matter what stereo recording-
technique is used, the two channels of
a stereo playback-system contain sig-
nals whose time and amplitude relation-
ships relate to the positions of the ori-
ginal sound-sources (Fig. 2). However,
there is a basic problem in the repro-
duction of an accurate sonic image of a
sound originating outside the space en-
compassed by the two speakers used in
a typical stereo system. It was first
described by Ben Bauer in a paper
presented 20 years ago and is illus-
trated in Fig. 3. That problem is created
by the crosscoupling ¥ sound from the
left speaker to the right ear and vice
versa.

For example, a sound recorded from
a source to the left of the left loud-
speaker, as shown in Fig. 4, will not be
accurately reproduced for the listener
in normal stereo playback because the
first sound to reach his right ear will be
the crosscoupled sound from the left
loudspeaker. (In the figure, ““LL’’ rep-
resents the sound from the left source
heard by the left ear; *'LR’’ represents
the sound from the left source heard by
the right ear. We’ll use “RR" and
““RL’" in a similar fashion.)

You can see from Fig. 5 that the
sound from the left loudspeaker located
20° off center reaches the right ear be-
fore the sound from the right loud-
speaker which would have identified
the position of the recorded sound at
60° if cross coupling did not occur. In
conventional stereo playback through
loudspeakers, any sound that was re-
corded from a source outside the audio
‘‘stage’” formed by the loudspeakers
will still seem to come from some-
where on that stage. That is, the source
of the 60° off-axis sound shown in Fig. 3
will appear to be the left-hand speaker
—not to the left of the left-hand speaker.
as it should be in that instance.

Immediately after determining the
position of the sound source by com-
paring first-arrival times at both ears,
the hearing mechanism begins to block
out subsequent arrivals. Therefore,
correct precedence is the primary key
to stereo imaging. As long as the ears
and brain can determine correctly when
a sound has arrived, a good stereo
image can be perceived.
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FIG. 2—RECORDED STEREO SIGNAL equiva-
lent to Fig. 1. Left channel is shown above,
right channel below.
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FIG. 3—SOUND FROM POINT outside speaker
area will still appear to come from within it.
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FIG. 4—CROSSCOUPLING (left-channel effect
shown) feeds ‘false” stereo information to
ears. “LL" is left signal heard from left ear; “LR"
is left signal heard by right ear.
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FIG. 5—HOW CROSSCOUPLED SIGNALS ap-
pear at listening position. Left-ear signal is
above; right-ear signal below.

RIGHT
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SIGNAL IN IN

DELAY i}
|
RIGHT

LEFT SIGNAL
SIGNAL ouT
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FIG. 6—BASIC CROSSTALK-CANCELLING cir-
cuit (one channel). “Right-signal out” is the
right signal minus the “LR” compensation-
signal.

Principles of stereo expansion

Over the years, by calculation and or
measurement, the character of acous-
tic crosscoupling of first-arrival sounds
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PARTS LIST

All resistors Ya-watt, 5%, unless otherwise
specified

R1, R6, R14, R16, R17—1000 ohms

R2, R4, R25, R26, R30, R31—100,000 ohms

R3, R5—47,000 ohms

R7, R15, R23, R24, R27-R29—20,000 ohms

R3, R5—47,000 ohms

R7, R15, R23, R24, R27-R28—20,000 ohms

R8—100,000 ohms, PC-mount potentiom-
eter

R9, R13—4.7 ohms

R10, R20, R22, R34—4700 ohms

R11—100 ohms

R12—2000 ohms

R18, R19—10,000 ohms

R21—100,000 ohms, potentiometer,
audio taper

R32, R33—390 ohms

Capacitors

C1, C2—470 uF, 35 volts, electrolytic

C3, C4, C6-C8, C12—0.1 uF, ceramic disc

C5—47 uF, 16 volts, electrolytic

C9, C17, C18—0.01 uF, axial ceramic or
ceramic disc

C10, C13, C16—10 uF, 16 volts, electrolytic

C11—100 pF, axial ceramic or ceramic
disc

C14—390 pF, axial ceramic or ceramic
disc

C15—1500 pF, axial ceramic or ceramic
disc

Semiconductors

IC1—LM340L 15, 15-volt positive regulator

1C2—LM320L 15, 15-volt negative regulator

IC3, IC4—MC4558 dual op-amp

IC5—CD4049 CMOS hex inverter

IC6—SAD512 or SAD1024 N-channel
bucket-brigade device (Reticon. Also
Radio Shack 276-1761.) (See text.)

Q1, Q2—2N2222, 2N3904 or similar

D1-D4—1N4002 or 1N4003

LED1-—jumbo red LED

T1—35 volts, center-tapped, PC-mount
(Dale PL-12-09 or similar)

S$1-S3—pushbutton switch assembly: 3
DPDT or 1 DPDT, 2 4PDT (Schadow F-
series or Centralab PB20-series)

J1-J8—RCA-type phono jack, right-angle
PC-mount

Miscellaneous: PC board, IC sockets, en-

closure, line cord, strain relief, hardware,

etc.

The following are available from Sound
Concepts, Inc., P.O. Box 135, Brookline,
MA 02146: assembled and tested IR2200
stereo image expander, $169.00; kit of all
parts (KIR-1), $95.00; PC board (KIR-2),
$16.00; T1 (KIR-3), $7.50; all pots, knobs,
switches and jacks (KIR-4), $12.50; all
semiconductors and sockets for them
(KIR-5), $19.00. Please add $2.00 for
shipping and handling; MA residents add
5% sales tax. If at all possible give street
address for UPS delivery. Please add
10% ($5.00 minimum) for parcel post out-
side contintental U.S.A.

has been well documented. While per-
fect cancellation of the entire cross-
coupled sound must take into account
a number of variations in listening-
room characteristics, including the lo-
cation of the listener, experimental and
commercial equipment has been built
over the past ten years that cancels
that crosscoupling to a great degree,
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FIG. 7—SOUND FROM LEFT SPEAKER is can-
celled at right ear by “'—LR” signal.
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FIG. 8—MIXING OF MID-CHANNEL original and
compensation signais can cause ‘‘comb effect”
that distorts frequency response.

although not completely. Those systems
derive a compensation signal from each
channel which is the inverted analog of
the crosscoupled signal, and then mix
it into the opposite channel. A block
diagram of such a system is shown in
Fig. 6. To operate effectively, the play-
back system must be arranged so that
the compensation signal meets the ori-
ginal crosscoupled signal in space just
at the listener’s ears (Fig. 7). That re-
quires a fixed listening-position,
which, for simplicity, is centrally located
between the loudspeakers.

This type of crosscoupling cancella-
tion uses the original signal—delayed
by the interaural transit time and fre-

quency-contoured to compensate for
facial transmission and absorption
characteristics—subtracted from the
opposite channel.

Complete crosscoupling-cancellation,
though, generates an unfortunate side
effect. When the sound originates from
directly between the speakers, the sig-
nals in each channel are identical in time
and amplitude and the cancellation sig-
nals interfere seriously with the original
ones, since the same signals are being
delayed and then mixed back with
themselves. That produces a combed
frequency-response, shown in Fig. 8,
that typically reduces the bass and
upper-midrange levels and emphasizes
the rest. The effect can be partially
subdued by using equalization but,
overall there is still a significant dete-
rioration in fidelity in the critical central
image-area where soloists are usually
heard. At the same time, the cancella-
tion signals do nothing to clarify the
central sonic-image, since it would
sound normal without any processing
whatsoever.

How the stereo image expander works

The device described here uses an
R-L (right-minus-left) difference
component for generating the com-
pensation signal. It is that signal, de-
layed and frequency-contoured, that is
added to the right channel as shown in
the block diagram in Fig. 9. That dif-
ference signal is also used to generate
an L—R signal, which is added to the
left channel. With a monophonic, or a
centrally positioned stereo-source,
there is no difference signal; nothing is
added to either channel and the comb-
effect is not apparent—and the tonal
balance remains unaffected. As the
sound source moves toward the right or

left, the level of the compensation-sig-
nal increases accordingly.

At the extremes of the expanded
stereo ‘‘sonic stage,”’ a compensation-
signal level about 6 dB below the main
signal level is the optimum for a perfeci-
ly balanced stereo-signal source. In
many (disc) recordings, though, the dif-
ference-signal level has been sup-
pressed to reduce cutting and vertical-
tracking problems. Increasing the level
of the compensation or ‘‘image’’ signal
increases the relative amount of dif-
ference-signal  energy, effectively
amplifying the sound in proportion to
its angle off-center.

With the crosstalk minimized, the
strongest difference-signals represent
sounds at the left and right edges of the
recording ‘'stage’” and now appear far
to the outside of the loudspeaker posi-
tions. The IMAGE control can be
thought of as an ‘‘edge-to-central area™
balance control.

As a result of miking techniques, or
the suppression of vertical-modulation
components for the purposes of avoid-
ing problems in record pressing, most
records contain very little stereo infor-
mation in the frequencies below 100 Hz
and there is no substantial difference-
signal to be processed below that fre-
quency. As suggested earlier, however,
record-warp and vertical-rumble signals
from cutting lathes, turntables and non-
uniform record surfaces that generate
spurious low-frequency difference-sig-
nals may be present. For that reason,
the image expander contains a 70-Hz
high-pass filter in the difference-signal
path.

Circuit description

A schematic of the stereo image ex-
pander is shown in Fig. 10. Its power

HIGH LOW
LEFT IN PASS . PASS
: DELAY COMPENSATION
L-R! , LEVEL ADJ
(IMAGE)
> = - e
+ 3
LEFT OUT <— MIX DELAY ADJ et
pl < )
ke SPLIT
RIGHT IN>—&——> =
3
RIGHT OUT MIX

FIG. 9—BOTH CHANNEL-COMPENSATION signals are derived from original R—L signal by phase

splitter.
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FIG. 10—BBD DEVICE, 1C6, can be either SAD512 or SAD1024. See text for details.

supply delivers regulated 15 volts for
all the IC’s except IC5 and IC6, which
make up the delay line. An additionally
filtered +14-volts is used for them to
minimize the noise in the SAD512 BBD
(Bucket Brigade Device) circuit. The
BBD IC, incidentaly, can be either an
SADS512 or SAD1024—the pinouts are
identical. The SADI1024 contains two
SADSI12’s, and one of them will just not
be used. The input signals are selected
by S1 from either the main source (pre-
amp Or receiver) or a tape recorder.
Capacitor C6 and resistor R2 form a
single pole, 16-Hz, subsonic filter for
the left part of the correction signal and
capacitor C7 and resistor R4 do the
same for the nght channel. IC3-a,
with resistors R2-R5, derives an R—L
signal at —6 dB referred to the input.
Switch S2 (ON/OFF) either passes that
signal to the rest of the circuit. or routes
it to ground. If routed to ground. no
compensation signal is generated.

The 70-Hz high-pass rumble filter is
made up of C8 and R7. That resistor,
together with potentiometer RS, also
supplies the DC bias for the input to the
SADS12 BBD. An anti-aliasing high-
frequency (15 kHz) filter is formed by
C9 and R6. Resistors R9 and R13, and

capacitor C12 RF-isolate the rest of the
circuit from noise that may be gen-
erated by the clocking circuitry.

Five out of six sections of the
CD4049 inverter operate as the clock
oscillator and buffer drivers for the
BBD, IC6. The nominal 1.8-MHz clock
rate is set by C11 and R12. The SADS512
shifts the signal through one of its 256
stages with each cycle of the clock
(0.55 us) resulting in a delay time of
140 us, the optimum for a 40° speaker
angle (see below). The time-delayed
output of the IC appears alternately at
pins 5 and 6; tying the two together
gives a complete waveform. Resistor
R18 and capacitor C14 form part of the
interstage coupling-circuit, with Cl14
acting as the first-stage clock-frequency
noise filter. Resistor R19 and capacitor
C15 form a 10-kHz high-frequency filter
that completes the clock-noise filter
and contours the compensation signal’s
high-frequency response. Transistor
Q2 provides buffering for the output
mixers.

The level of the compensation signal
is set by R21 (IMAGE), an audio-taper
potentiometer. At mid-setting it sets
that level to about —6 dB with respect to
the input signals. At settings above that
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point it adds a boost of up to 10 dB for
stereo-deficient source material. The
control can also attenuate the compen-
sation signal for that rare material that
exhibits *"a hole in the middle.””

The delayed R—L signal is fed via R24
into mixer/buffer stage IC4-a along with
the direct right-channel signal from R25.
Resistor R32 provides short-circuit pro-
tection and C17 bypasses any stray
clock-noise to ground. Integrated circuit
IC3-b forms an inverting stage with a
gain of — | that delivers a delayed L—R
signal into 1C4-b, the left mixer/buffer
stage.

Switch 83 is used to switch the tape-
output jacks between either a direct
connection to the main signal-source
(DIRECT) or to the image-enhanced out-
put (REC). The function of the REC out-
puts will be completely explained in the
next part of this article.

We'll begin our discussion of how to
build the stereo image expander when we
continue this article. In the meantime,
for those of you that would like to get a
head start, we have included a complete

parts list for the project. A complete
kit, as well as an assembled-and-tested
version, 1S also available—see the Parts
List for ordering information. R-E
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MANY TIMES HAVE YOU BEEN
working on a piece of equipment or a
new project and wondered. “‘Is the
problem due to the equipment or is my
test gear out of alignment?"’ Or perhaps
you are concerned about the accuracy
of a digital multimeter or VTVM that
was dropped or overloaded. It seems
that whenever the subject of test equip-
ment comes up, so does the questionof
accuracy. There’s a good reason for
that—it’s because inaccurate multi-
meters and scopes can cause more
problems than they solve. You should
have a way to check them periodically.
That is where the pocket calibrator
comes in. It is designed for use with
low-to-moderate-cost  digital multi-
meters, VOM's. VTVM’'s and scopes.
Packed into a small box are three stable
DC-voltage outputs for calibrating the
most-used meter ranges. There are also
five resistance ranges. and two AC-
voltage outputs. One of them is a 10-
volts p-p square wave for scope calibra-
tion. and the other a l-volt-RMS sine
wave for meter calibration. The unit is
battery powered to eliminate error-
causing AC hum, and for portability.
Although this construction project
uses low-cost parts. it is capable of a
high level of performance. A precision
regulator insures that all voltages will
be stable once they are set. The 10-
volts-DC output can be set to within

+0.05% if the equipment is available to
do so. And, thanks to increased avail-
ability of 1%-precision resistors, you
can get outputs of one volt £2%and 0.
volts £3%. which are more than ade-
quate for analog meters. For the more
accurate digital multimeters, you can
substitute higher-precision (0.1%) re-
sistors for more accurate output volt-
ages. with worst-case accuracy typi-
cally an order of magnitude higher.

Many of the precision resistors are
also used to calibrate resistance scales,
with an accuracy greater than 19%. The
values run in decades from 111.1 ohms
to one megohm.

The AC voltages are derived from a
60-Hz signal source that is crystal-con-
trolled for stability. That IC-based cir-
cuit is powered from the 10-volt regula-
tor for maximum stability. The 10-volts
p-p square wave. intended for scope
calibration. is accurate to within several
percent at room temperature. Finally.
there’s a 1-volt. 60 Hz, sine-wave out-
put that is adjustable to within 0.1%.

You should be able to build the
pocket calibrator for under $40, which
is a good price considering that some
single-function calibrators sell for over
$400'

Great pains were taken to use com-
mon. readily available., components.
The precision resistors may be slightly
difficult to locate, but they are available
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POCKET
ALIBRATOR

or
olts & Ohms

Build a multi-function calibrator for your
bench for under $40.00. Your test equipment
will appreciate it.

GARY McCLELLAN

from several Radio-Electronics adver-
tisers. and also as a set from the sup-
plier indicated in the Parts List. You
can buy the PC board from the same
supplier, or make it yourself. The IC’s
and remaining components are avail-
able **off the shelf.”

Only two simple adjustments are
needed for calibration of the device.
Although a 4}2-digit DMM is recom-
mended, you can do a creditable job
with an accurate 3V2-digit DMM or with
a good VTVM or VOM.

Circuit description

The pocket calibrator consists of four
basic circuits. The first is a 10-volt pre-
cision voltage-regulator that provides
the basic DC calibration-voltage. Second
is a set of precision resistors used for
resistance calibration. and for dividing
down the DC voltage. Next is a 60-Hz
crystal-controlled square-wave genera-
tor that produces a 10-volt signal for
oscilloscope calibration. Finally.
there's a filter circuit to smooth the
square wave into a one-volt sine wave
used for AC meter-calibration. The
double-sided PC board on which all
that is built also serves as the unit’s
front panel.

Refer to Figs. | and 2 as we discuss
the calibrator’s circuits.

The first area we’ll consider is the 10-
volt regulator, built around an LM723
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IC. That IC contains a precision volt-
age-reference, an op-amp, and a series
pass-transistor. Using just a few ex-
ternal components, that 1C produces a
highly stable source of 10-volts DC.
(Precision resistors R1 and R3 set the
output voltage.) Potentiometer R2
allows adjustment of that voltage over
about a 10% range. The 10-volt output
of the circuit drives the 60-Hz circuitry
at all times, and drives the resistor volt-
age-divider when switch 82 is closed.

The second section is made up of a
set of precision resistors. R4-R8. Next
to the 10-volt regulator. they are the
backbone of the project. and supply the
required voltage and resistance values.
Resistors R4-R6 are wired as a simple
voltage divider, and provide 0.1 volt
and 1 volt when switch S2 is closed.
When the switch is open, they serve as
resistance standards. Resistors R7 and
R8 are used only for resistance checks.

The third section consists of a
simple 60-Hz square-wave signal
source. The output of a standard TV
color-burst reference crystal is divided
down from 3.58 MHz to 60 Hz by an
MM3369 IC. Since it is CMOS. its out-
put can swing between the 10-volt sup-
ply voltage and ground. providing a 10-
volt p-p square wave useful for check-
ing oscilloscopes.

The last section is a square-to-sine-
wave converter. Refer to the schematic
in Fig. 2 for details. The square-wave
signal from IC2, the MMS369. is inte-
grated into a rough triangle-wave by C6
and R10 for better filtering by the cir-
cuitry that follows. a low-pass filter
that smooths the triangle wave into a
sine wave. Darlington transistor Q1 is

ICt
LM723
10V
REGULATOR

1C2
MM5369

60-Hz
TIMEBASE

FIG. 1—POCKET CALIBRATOR has DC and AC-waveform outputs, and provides several high-preci-

sion resistances.

wired as an emitter follower buffering a
two-pole filter. Capacitors C7 and C8
perform the bulk of the filtering by sup-
plying feedback through Q1. and capaci-
tors C9 and CI10 perform additional
smoothing of the signal. The sine-wave
output appears on potentiometer R13,
which permits adjustment over a smait
range. Since a DC voltage also appears
at that point, and can be read by many
AC meters, C11 and R17 remove that
undesirable component. The result is a
clean one-volt AC sine wave.

Component selection

The quality of the parts used in the
calibrator plays an important part in
how well it performs, so let's discuss
the most important ones.

Of the components used. the preci-
sion resistors (R4-R8) are the most im-
portant. They should be at least 1%
tolerance, deposited metal-file types.
Ordinary carbon-composition resistors
of the type found in radios and TV's
will drift too much with age and tem-
perature to be reliable. Fortunately,
metal film resistors have become avail-
able in the past few years from R Ohm
(Japan) and Siemens (Germany). They
are known as type-RN-55C resistors in
the industry, and you should be able to
find them without too much difficulty.
Using those resistors should result in a
calibrator that is accurate on the
0.1 VOLT range to within 3%. However
that 1s the worst-case error: other
ranges will be better. If still greater ac-

FIG. 2—60-Hz TIMEBASE uses readily available 3.579-MHz crystal and MM5369 IC.
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FIG. 3—TOP OF PC BOARD bears labels as well as foil pattern for circuit.

curacy is desired. 0.1%-tolerance re-
sistors can be used. They can be ob-
tained from the source listed in the
Parts List.

One resistor that may be hard to find
is R6, whichis 111.1 ohms. If necessary
it can be made up by connecting a 1(0)-
ohm resistor in series with an 11-ohm
one. Other combinations—in series or
in parallel—will work as well. of course.

The quality of the LM723 IC is im-
portant. Since it must provide a stable
10-volts. it must be of high quality.
Don’t use anything but first-line quality
here. Also. there are difterent types of
[LM723"s on the market. The most com-
mon are the LM723C types. They'll do
a good job. but it you cun tind an
LLM723N. you'll be getting a more stable
part with temperature characteristics
several times better than the LM723C.

To round up the list of parts of special
importance. a few words about the 10-
turn potentiometers. Although widely
used in the industry, they may be new
to you. Their multi-turn features means
that they can be set quite accurately
and they are very stable. They are not

xl l,
rl

difficult to find: many udvertisers in
Radio-Electronics can supply them.

Construction

Foil patterns for the double-sided PC
board are shown in Figs. 3 and 4. The
board is also available from the supplier
indicated in the Parts List.

Figure 5 shows the parts-placement
diagram for the calibrator, and Fig. 6
will also help you in installing the com-
ponents on the board. A good way to
begin is to install the banana jacks at
J1-J9. Insert each jack from the front-
panel side (the side with the labels
etched on it). Then place a Y-inch
toothed lockwasher over the threaded
bushing of the jack. and secure it with a
V4-inch nut. The lockwashers are used
to insure that the jacks don't loosen
with use and cause erratic readings.
After the jacks have been installed. re-
check them to be sure the hardware is
tight.

The switches are next. Be sure to po-
sition the board as shown in Fig. 5, with
the component (non-labelled) side up.
Then install the pushbutton CHECK
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FIG. 4—BOTTOM OF BOARD shows where jacks J1-J9 are mounted.

switch at S1. Solder short pieces of wire
to its terminals and then to the foil on
each side of the switch as shown. Next,
install S2 (VOLTS/OHMS) In the other
switch posttion. (If you can't locate a
SPST switch. use a SPDT one, but clip
ott one of the end lugs.) Flip the handle
of the switch so that the contacts are
closed. Then rotate the switch body so
that the handle points to the VOLTS on
the reverse side of the board. Connect
S2 the same way you did for S1.

You should use IC sockets. and they
can be installed next. Install a 14-pin
socket at the ICI position, and an 8-
pin socket at the IC2 position, but don’t
insert the IC's yet.

The two potentiometers can be in-
stalled next. Insert one at the R2 loca-
tion. pressing it flush against the board
before soldering. Then insert the other
at R15. pressing it against the board be-
tore soldering.

With the exception of R13, all the re-
sistors mount on the component side of
the board. (You will install R13 later.)
Start at the top left corner of the board
and install a 100K, 5% resistor at R17.
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All resistors Ya watt, 5% unless otherwise
noted

R1—750 ohms, 1% i

R2, R15—1000 ohms, 10-turn PC-mount
potentiometer (Beckman 89PR1K or
equivalent)

R3—3320 ohms, 1%

R4—10,000 ohms, 1%

R5—1000 ohms, 1%

R6—111.1 ohms, 1% (see text)

R7—100,000 ohms, 1%

R8—1 megohm, 1%

R9-—22 megohms

R10, R13, R14—47,000 ohms

R11, R12, R17—100,000 ohms

R16—680 ohms

R18—2200 ohms

On the other side of potentiometer R15
install a 680 ohm, 5% resistor at R16.
The fit is very tight here, so you may
want to stand the resistor on its end.
Then install a 100K, 5% resistor at R12,
and another 100K unit at R11. Install a
47K, 5% resistor at R13. which is next
to R11. Move down to J9 and install a
2.2K. 5% resistor at R18 as shown. Cut
the leads to Y4-inch. and bend them at
right angles to the resistor body. Then
solder the resistor in place with its body
off the PC board. At the top of the
board install a 47K, 5% unit at R10, just
above IC2 and, on the other side of the
socket install a 22 megohm, 5% resistor
at R9. If you have trouble finding that
value. you can use a 10 megohm, 5%
resistor; it should work just as well.

Stop for a moment and check your
work. Make sure that all parts are in-
stalled correctly before going any
further.

Finish up the resistors by installing
the precision units. They are mounted
in the same manner as R18. That is. the
leads are cut to Ya-inch and bent at right
angles to the body. Start by installing a
one megohm resistor at R8. Solder the
connection quickly to avoid overheat-
ing the part (that advice goes for all the
precision resistors). Then install a 100K
resistor at R7 in the same manner.
Move to the right edge of the board and
install a 10K resistor at R4 as shown
and a IK resistor at RS. Move down
and install a 111.1-ohm resistor (or
combination of resistors) at R6. After
that. move up to the top right side of
the board and install a 3.32K resistor at
R3. On the other side of the potentiom-
eter install a 750-ohm unit at R1. That
completes the installation of the preci-
sion resistors.

[t's a good idea to check the preci-
sion-resistor connections at this point.
Make sure that they are good, and that
the parts are securely mounted. That is
important because any extra resistance
caused by a bad solder connection will
affect the performance of the calibrator.

PARTS LIST

Capacitors

C1, C3—0.1 uF, 25 volts, ceramic disc

C2—100 pF, ceramic disc or mica

C4—15 pF, ceramic disc or mica

C5—33 pF, ceramic disc or mica

C6, C7—0.1 uF, 50 volts, Mylar

C8, C10—0.01 .uF, 50 volts, Mylar

C9—0.005 uF, 50 volts, Mylar

C11—10 uF, tantalum

Semiconductors

IC1—LM723 adjustable precision voitage
regulator

1IC2—MM5369 60-Hz timebase

Q1—MPS-A13 NPN Darlington

XTAL1—3.579-MHz TV color-burst refer-
ence crystal

S1—SPST N.O. pushbutton switch-

$2—SPST mini toggle switch

B1, B2—9-volt transistor battery

The capacitors come next, and they
are all mounted at the top of the board.
Install a 10-u4F tantalum at Cl1. Note
that the plus sign points toward the
edge of the board. Move to the right
and install a 0.01-xF Mylar capacitor at
C8. and another at C10. Those capaci-
tors are the green rectangular units
often found in transistor radios, although
conventional ceramic-disc types should
work well if you can't find the Mylar ones.
Next, install a 0.005-uF Mylar-type at
C9. After that. install 0.1-uF Mylar
capacttors at C7 and C6. On the other
side of the IC2 socket, install a 15-pF
ceramic disc-type at C4 and next to it a
33-pF ceramic disc at CS. Continuing.
mount a 0.1-xF ceramic disc at C3 and
another at CI1. Finish up by installing a
100-pF ceramic disc at C2.

Five wire jumpers are used to con-
nect one side of the board to the other.
Run pieces of excess resistor lead
through the holes indicated by asterisks
in Fig. 5 and solder them on both sides
of the board. Clip off any excess
lengths.

The battery connectors are installed
next. Cut the positive lead of one con-
nector to a length of about an inch, and
the negative lead of the other connector
to the same length. Then slip a piece of
heatshrink tubing all the way onto one
of the wires, and solder the two to-
gether. When the solder joint has
cooled, move the tubing down over the
joint and use a match or other heat
source to shrink it. (Dont hold the heat
source too close to the tubing—it will
start to char.) Wrap the remaining leads
from the connectors around switch S1's
body and knot them securely around it;
then connect the leads to the pads as
shown in Fig. 5. The batteries them-
selves are attached to the bottom of the
case with double-sided tape.

Finish up the component side by in-
stalling the I[Cs. Double-check their
orientation. Turn the board over (label-
side up) and install R13. a 47K, 5% re-
sistor. Cut the leads short first. to about
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J1-J9—Dbanana jack (Smith 101 or similar)
Miscellaneous: PC board, battery clips, IC

sockets, heat-shrink tubing, enclosure

(Vertox modei 2000 or similar), etc.
The following are avalable from: Technico
Services, P.0. Box 20HC, Orangehurst;
Fullerton, CA 92633: PC board and 1% re-
sistors (CAL-1), $13.00; PC board and
0.1% resistors (CAL-2), $16.00; 1% resis-
tors only (RES-1), $3.00; 0.1% resistors.
only (RES-2), $6.00. CA residents please
add sales tax. Non-USA orders please
add $3.50 for shipping and handling.

The following is available from: Circuit
Specialists Co., P.O. Box 3047, Scotts-
dale, AZ 85257: kit KT-2 (does not include
PC board, precision resistors or case),
$21.95 plus $0.90 for shipping and han-
dling.

L4 inch, then bend them and solder
them to the pads. Note the position of
the 8-pin IC socket nearby—that
should make it easier to locate the pads.
Once the resistor is in place. press its
body tight against the board. That com-
pletes the component installation.

If you like. you can deflux the board
for a more professional appearance.
Use a small brush and acetone in a well-
venttlated area to remove the solder
flux.

Caution: Acetone is highly flammable!
Always use it in a well ventilated area,
away from flame.

Clean only the front panel side of the
board. and keep the solvent away from
the battery connectors and plastic base
of the crystal—not only is acetone flam-
mable. but 1t also dissolves many
plastics. After the flux has been re-
moved. and the front panel has dried.
coat the panel with clear acrylic spray
1o preserve its appearance.

You can fashion a plate out of
Formica or other material to hide the
circuitry on the top of the panel. Secure
it with two small blobs of silicone
sealant.

Checkout and calibration

Install the batteries. Then. if you can.
obtain a 4V5-digit DMM to check out
the calibrator. In the event you don’t
have—or can’t borrow—one, a freshly
calibrated 3'2-digit instrument will
work. In fact. a good time to build the
calibrator is right after the purchase of a
new multimeter. so you can check it on
an instrument that is ““known good.™

A good place to start is with the resis-
tance ranges. Set S2 to the OHMS posi-
tion. Connect one of the DMM leads to
the CoM jack and the other to the 0.1v/
1119 jack. Set the meter for that resis-
tance range and you should read 111.1
ohms 1% or £0.1%, depending upon
the resistors used in the calibrator.

Note that most test leads can contri-
bute at least 0.1 ohm of resistance them-
selves: be sure to allow for that error:
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FIG. 5—COMPONENTS ARE MOUNTED on bot-
tom of PC board with the exception of R13,
which is mounted on the top.

Disconnect the leads from the cali-
brator. short them together. and read
the lead resistance. Then subtract that
value from the reading you get with the
111.1-ohm resistor.

Remove the lead from the COM jack,
and plug it into the 1v/iK jack. Change
the multimeter range: you should get a
reading of 1000 ohms, plus or minus the
resistor tolerance. Continue by remov-
ing the lead from the 0.1v/111Q jack. and
transferring it to the 10v/i0K jack. You
should read 10,000 ohms. Then switch
vour leads to the comM and 100K jacks.
Change the range switch on the DMM
and the reading should be 100,000 ohms.
Finally, with the leads in the COM and
1 MEG jacks, the DMM should give you
a reading of one megohm.

Many low-cost digital multimeters are
hum-sensitive on the high resistance
ranges. so your readings may change if
you use long test leads. If you have that
problem, simply use shorter leads (I
foot or less), and work away from 60-Hz
sources.

The next check is for the correct DC-
voltage output. Set S2 to the VOLTS posi-
tion. Then switch the DMM to the DC
VOLTS position. Press S1 and measure
the voltage at the BAT <i4v jack. The
exact value you read isn’t important, as
long as it is 14 volts or higher—that is
just a check on the condition of the cali-
brator’s batteries to insure that the cali-
brator will put out accurate voltages.
Transfer the test lead to the 10v/10K jack.
You should read approximately 10

FIG. 6—NOTE HOW 1% RESISTORS are mounted
Ya-inch above board.

volts—the value will be set precisely ina
little while.

The final checks are for the AC out-
puts. An oscilloscope would be handy at
this point to measure the 10-volt p-p
squarewave. but it isn’t absolutely
necessary at this point all we are really
interested in is the one-volt sine-wave
output. Set your DMM to its 1| VOLT AC
range, or as close to it as you can come.
Plug the test lead into the v AC SINE
jack. Press S1. and wait a few seconds.
When the reading stabilizes, it should be
close to one volit. That completes the
performance checks. If you encounter
any difficulties, correct them before go-
ing any farther.

The next step is calibration, which is
quick and easy. The first thing is to ad-
just the [0-volt source. Connect the
DMM to the com and 10v/10K jacks and
set the DMM to its 20 vOLTS DC range. If
the instrument has a 10 VOLTS DC range
instead. use that one. (The object is to
be able to read voltages both telow and
above 10 volts, but accuracy is more
important.) With S2 in the VOLTS posi-
tion, press Si. Hold it for a few mo-
ments. and then adjust R2 for exactly
10.000 volts. That completes the DC
voltage calibration.

The last step is the AC calibration.
Reconnect the DMM's "“hot™" lead to
the 1v-AC SINE jack and set the meter to
its 2-VOLTS AC range. If the meter has a
1-VOLT AC range. use it instead. Press Sti.
and hold it for a few moments. After the
reading stabilizes. adjus