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There's a danger. And this invisible menace
will affect nearly everybody reading this ad.

The danger is pollution —but not the ordinary
kind. In fact, ten years ago, we didn’t have this
new kind of pollution. Let us explain.

Ten years ago, cars didn't have catalytic
converters. Today, these catalytic converters
“grind up” the car exhaust into particles so
small they form micron soot, and micron soot
is so fine, it can be easily absorbed into your
lungs. Even the EPA has stated, ‘Becauseitis
so fine, such soot particles stay longer and
cause more damage in the respiratory tract.”

Ten years ago, homes were able to
“breathe"” or exchange air between the out-
doors and indoors four or five times a day.
Today, with our well-insulated energy-consci-
ous buildings our homes literally create and
trap pollution that we breathe unwittingly.

OTHER PROBLEMS

There are other problems too. Add the daily
soot, dust, smoke and other impurities in the
air and you've created pollution problems
even worse than they were ten years ago—so
bad in fact that environmental groups are
especially concerned over this new “time
bomb” lurking in our environment.

But American ingenuity hasn't been sitting
still. A rash of small devices containing char-
coal filters with fans and selling for around $30
have literally flooded the market. The problem
is that these devices only remove particles 5
microns or larger. Today's micron soot is one
micron or smaller. Cigarette smoke for exam-
ple is 2 to 3 microns or smaller.

70,000 UNITS SOLD

In 1978, JS&A introduced the negative ion
generator in a national advertising campaign
and sold over 70,000 units. It was a device that
cleaned the air by electrostatically removing
particles even smaller than one micron. Hos-
pital burn centers soon began using com-
mercial versions of the negative ion generator.

Removing sub micron particles from the air
was very important, but there was also a sur-
prising second benefit. The unit added neg-
atively charged ions to the air.

We've all felt the effects of negative ions
after a thunderstorm. When you take a deep
breath, the air smells good and you feel good.

The opposite is true of positive ions which

NEW PRODUCT

Surround your body or your work place with
ion-controlled fresh air in America’s first
bipolar electrostatic home precipitator.

The unit measures only 2" x 4" x 7" and its
black appearance will fit into most decor.

can be found in poliuted environments, air
conditioned office buildings and in automo-
biles. Many scientists believe that positive
ions make you feel moody, depressed, irrita-
ble and restless. A negative ion generator
cancels out the positive ions and fills the air
with negative ions.

AN EXPERIMENT

When you blow smoke into an inverted glass
bowl and put it over an ion generator, the
smoke immediately vanishes. Or if you place
the ion generator in an odor-filled room, the
room scon smells fresh.

It was these experiments that really con-
vinced the public that the JS&A ion generator
was a valuable new home appliance. Soon the
market was flooded with competitive ion gen-
erators. Many were not as efficient as JS&A's
first model. Some emitted very few ions and
one actually emitted dangerous levels of
ozone. JS&A conducted independent fabor-
atory tests and publicized the resuits which
showed that JS&A's unit was indeed the best.

- 1 ,,
& ]
You can easily remove and wash or simpl|
replace the ion filter after it collects the soot.
Extra fitters are only $1.00 each and should be
replaced or washed once every two months.
That’s the history. But like any new tech-
nology, there's sure to be improvements. The
first ion generator produced negatively
charged ions which attached themselves to
the pollutants and then fell to the ground. You
ended up with clean, fresh air but also dirty
rugs and walls.
In winter, the units created electrostatic
discharges which can be uncomfortable when
touching a door knob or someone else.

CONTROLLED ION ENVIRONMENT
So American scientists created an ion
generator using a bipolar emitter whichemits a

CIRCLE 51 ON FREE INFORMATION CARD
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balanced amount of negative ions to create a
controlled ion environment. One emitter
produces negative ions and the other controls
and shapes those ions to create an ion bubble.

The end result is a unit which leaves just the
right amount of negative ions in a large room,
attracts the pollution particles and deposits
them on a washable collector plate while keep-
ing your floors and walls free of dirt. You're
actually placed in a fresh air bubble while you
work, sleep or relax and with no uncomfortable
electrostatic charge.

| urge you to try the JS&A ion generator in
your home or office for 30 days. Put one on
your desk or in any smoke-filled room. Notice
the refreshing difference in your work environ-
ment. Take it home and plug it in next to your
bed. Chances are, you'll want to buy another
one before our 30-day trial period ends.

SATISFACTION GUARANTEED

But if you are not pleased with your unit for
any reason whatsoever, please return it within
30 days and we'll send you a prompt and
courteous refund including your $4.00 post-
age and handling. JS&A is America’s premiere
electronics company—a substantial organi-
zation that guarantees your satisfaction.

To order, send your check for $89.95 plus
$4.00 postage and handling (lllinois residents
please add 6% sales tax) or credit card buyers
may call our toll-free service line below.

We'll send you the JS&A ion generator
complete with instructions and a 90-day limit-
ed warranty. Then plug it in and leave it run all
day and night. The cost to run the unitis only a
few cents per day.

The era of the ion generator as a standard
household appliance is here. Order the
newest and best unit available at no obligation,
today.

PRODUCITS
SANTHAT
THINK
DeptRA One JS&A Plaza
Northbrook, IIl. 60062  (312) 564-7000

CallTOLL-FREE ........ 800 228-5000
In NebraskaCall ........800323-6400
©JS&A Group, Inc.,1981
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ON THE COVER

Flat-screen displays to make
truly-portable, or “skinny’ large-
screen, TV’'s have been long
awaited. Now, not one, but two,
totally different means for achiev-
ing that goal have been demon-
strated in working prototypes.
The story of how those displays
function starts on page 39.

SPECIAL COMPUTER SECTION explains what
to look for in setting up a system for home or
business use. The section begins on page 51.

MANY FINE RECORDINGS have been made
without using noise-reduction techniques. A
dynamic noise-reduction system can improve
their sound. Find out how the process works
starting on page 90.

Due to lack of space in this issue, Part 3 of the
Programma-2 RF generator project will appear
next month. We apologize for any inconvenience
that may cause.

Radio-Electronics, (ISSN 0033-7862) Pubtished monthly
by Gernback Publications, Inc.. 200 Park Avenue South.
New York, NY 10003. Second-Class Postage Paid at
New York, N.Y. and additional mailing 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. © 1981 by Gernsback Publications, Inc. All rights
reserved. Printed in U S A.

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

A stamped seif-addressed envelope must accompany
all submitted manuscripts and/or artwork or photo-
graphs if their return is desired should they be rejected.
We disclaim any responsibility for the loss or damage o
manuscripts and/or artwork or photographs while 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 sate 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

VCR SALES
ZOOM

No matter what happens to videodiscs, home videcassette recorders now appear to be
firmly entrenched as a major consumer electronic product. Japan's exports of VCR'’s
now are greater than her color TV exports in dollar volume, and U.S. sales this year
could reach 1,500,000, nearly double the volume of last year. Eleven Japanese VCR
manufacturers produced 4,400,000 VCR’s |ast year, and it's estimated that 8,400,000 will
be made this year, perhaps 12,000,000 in 1982. In the U.S., new brand names are joining
the VCR parade—including Fisher, Kenwood, Sansui, Canon and Grundig (the last with
the first NTSC version of Europe’s Video 2000 format).

LOOKING AT
VIDEODISCS

As the dust begins to settle, it's becoming increasingly obvious that the two different
videodisc systems currently on the market—LaserVision (LV) and RCA’s Capacitance
Electronic Disc (CED)—aren't directly competitive, and the question *Which will win?”
may not be appropriate. Returns aren't yet in on the more important question of whether
either or both systems will survive.

The LV optical system, with players currently being marketed by Pioneer and Magna-
vox, is an extremely sophisticated technological triumph which is at its best in the
utilization of special interactive discs, such as the “First National Kidisc.” So far.
greatest successes in selling this system have been achieved by video dealers and
technically proficient audio retailers. Its buyers have been largely those interested in
advanced technology, plus firms and institutions seeking to harness the system’s
significant applications to teaching and training. Research has shown that a substantial
majority of consumers who buy LV players already own videocassette recorders.

The CED system, on the other hand, hasn’t exactly been a dream-come-true for video
dealers, many of whom are using it to attract customers, and then selling them “up” to
VCR's. Who has been successful with CED? Well, chains such as J. C. Penney, for
example. And the successes have come largely in areas without cable TV, or without
access to a multiplicity of TV channels—and to people who don’t own VCR's.

TV STEP-UPS

Did you ever wonder what the various ““step-up” features really add to the cost of a
television set? Well. apparently so did the International Trade Commission. which
surveyed a cross-section of dealers. in color. it found that a single-knob 12-20-channel
electronic tuner increased the wholesale price (the price the dealer pays to the man-
ufacturer) $15-$20 over that of a mechanically tuned set. Pushbutton tuning (12-20
channels) was a $20-$33 step-up. and a single-knob 82-channel tuner cost $25-$40
more than a mechanical tuner. Random-access keypad tuning added $40-$60. Remote
control with 12-20-channel scan (sequential) tuning commanded a $50-$65 premium,
82-channel scanning cost $60-$70 and keypad tuning brought in an additional $80-
$100. Automatic color circuitry increased the wholesale price $5-$20; the combination
of automatic color and a room-light sensor cost $15-$20, and VIR added $10-$20. in both
color and monochrome, woodgrain finish cost $5-$10 more than a plain cabinet, and an
AC-DC monochrome set cost $2-$6 more than AC-only. R-E

www americanradiohistory com
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solderless breadboarding
a hew hame.

of designing and building electronic
circuits: as fast as they can think
Testing. modifying and expanding as
quickly as new thoughts occur
Saving precious time and money by
freeing creativity from manual labor.
Global Proto-Board
products are arrays of
solderless sockets and
bus sirips that
emulate PC
board layouts

Proto-Board® breadboards, by
Global Specialties The leading name in
solderless breadboarding

You find them wherever electron-
ics is important. From labs to production
lines to classrooms to home workshop
benches. Their name, synonymous with
solderless breadboarding. And for
good reason

Proto-Board breadboards intro-
duced engineers, technicians
and hobbyists to a new way

while permitting nstant insertion
and removal of components from the
targest DIP to the smallest discretes.
With a rugged construction built to pro-
vide positive connections and withstand
day-in, day-out professional use--even
as test fixtures And mounted on sturdy
metal backplanes. for extended high
frequency use and extra durability

Their value and versatility are why
so many professionals and hobbyists
are "Proto-Board"-ing. And why you
should be. oo

Available with precision. fixed

and variable regulated power
supplies, or in unpowered versions,
Proto-Board breadboards come

in a vanety of sizes and config-
urations. to meet virtually any
circuit design challenge

GLOBAL

70 Fuiton Terr. New Haven, CT 06509 (203) 624-31C3. TWX 710-465-1227
OTHER QFFICES: San Francisco {415) 648-0611, TWX 910-372-7992
Europe' Phone Satfron-Waiden 0799-21682. TLX 817477

Canada: Len Finkler LId.. Downsview, Ontario

CORPORATION

SPECIALTIES

Call toll-free for details

1-800-243-6077

During business hours

© Copyright 1981 Giobal Specialties Corporation
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WHAT’S NEWS

Fire alarm for the deaf
uses vibrator pager unit

Winthrop College, of Rock
Hill, SC has won a $5,000 award
for innovative cost reduction
with a design for a fire alarm for
the deaf or the hard-of-hearing.
The prize was won in a field of
160 entrants in a competition
open to the nation's 3,100 in-
stitutions of higher education.

The fire-alarm system for the
hard-of-hearing that is most
commonly used by institutions
uses flashing signal lights. The
Winthrop system uses individual
paging devices, which hard-of-
hearing students, faculty mem-
bers and staff members wear
when they are on the college
grounds. Radio-operated like
the beeping pagers worn by
doctors and other professionals,
they vibrate for 30 seconds
when any fire alarm on the
campus sounds.

No new technology was re-
quired for the vibrator-alarm,
says Winthrop's construction
engineer Steve Warren. “We
didn’t invent anything—all the
components were standard
communications equipment.”’

Winthrop would have spent at
teast $147,000 for a flashing-
light system. More than 1,500
lights would have been needed
to cover the college’s 31 build-
ings satisfactorily. The cost of
the vibrator-pager system will

THE RADIO VIBRATOR-PAGER that signals fire danger to hard-of-hearing or
deaf persons on the Winthrop campus,

be about $7,000.

The $5,000 was a third-place
award in the Cost-Reduction In-
centive Awards Program com-
petition sponsored by the Na-
tional Association of College
and University Business Officers
and the U.S. Steel Foundation.
The first prize was given for a
new technique for repairing
shower stalls in residence halls,
and the second for a chemical
waste exchange and filtration
system.

Florida tightens up on
police-radar methods
Removing automatic locking
devices on police-radar units is
the most important recom-
mendation of a five-man com-

.mission set up by the Florida

legislature in 1980, to develop
standards for police radar.
Locking units allow a police

'officer to set his radar at a criti-

cal speed while he concentrates
on other duties. When a vehicle
exceeding that speed ap-
proaches, an alarm sounds. The
officer must then determine
which of the oncoming vehicles
has reflected the signal. Re-
moving the automatic lock com-
pels the officer to identify a
suspected speeder visually,
rather than guessing at which
car triggered the signal.

The Florida radar commission
further recommends reducing
the radar-beam width to 12

degrees. Since identifying the
target is possibly the trickiest
problem in police-radar use, re-
ducing the area from which the
radar can pick up signals re-
duces the number of cars that
can reflect a signal to it, and
thus the probability of error.

Etectromagnetic interference
from a number of radio or elec-
trical devices has been found to
cause erroneous radar readings.
To reduce interference, Florida
will convert all its radar to the
higher-frequency K-band.

At the time of.writing, the new
standards required approval
from the Florida Department of
Highway Safety and from Gov-
ernor Bob Graham, which was
expected without delay. Once in
action, Florida’s new standards
will not only surpass those now
in process at the federal level,
but will probably set the ground-
work for police-radar regula-
tions enacted by other states in
the near future.

Videodisc-based memories
for future computers
Describing use in mini and
super-mini computer systems
as the "‘best defined” non-con-
sumer application for videodisc,
a British research organization
predicts that some 3,000 video-
disc units will be tied into mini-
computer systems in Europe by
1983; by the end of the '80’s,
videodisc memories will be
found in more than 10% of ail
minicomputer installations.
These predictions appear in a
242-page analysis by Frost &
Sullivan, a London-based mar-
ket research firm. Ultimately, F
& S believes, an eraseable/writ-
able disc will become available,
with units having various per-
formance capabilities for both
record and playback. Those
may include multiple-disc packs
and juke-box type units with ex-
tended play capabilities.
“Optical memory is not ex-
pected to undermine the mag-
netic disc market,” according to
F & S. but rather will “partially
replace’”” magnetic tape. “As
much as 40% of the information
stored on magnetic tape need
never be erased, and could
equally as well be stored on
optical disc. Moreover, the disc
has a ten-to-one advantage in

storage density,” the

notes.

report

Model contract clause
would limit cable TV

The National Alliance of Tele-
vision and Electronic Service
Associates (NATESA) warns in a
recent release that the coming
of the satellite/earth station
concept is broadcasting will
make great changes in home
TV. It could eliminate network
broadcasting as we now know
it, and could have powerful
effects on the production, dis-
tribution, and retailing, as well
as the servicing of receivers.

Assumptions that cable satel-
lite earth-station systems will
confine themselves to providing
cable terminations and programs
and not go into sales and ser-
vicing, are time bombs in fran-
chises, says NATESA. It reprints
what it calls a “model cable-TV
franchise clause,” that is used
in a contract in Pinellas County,
FL:

"“The Company, any and all of
its officers, agents and em-
ployees are specifically prohibited,
directly or indirectly, from en-
gaging in the sale, repair, ser-
vice or leasing of television re-
ceivers, or television or radio
parts except such parts and
accessories required for cable
connection, such as converters
and connection plugs and
accessories, individually or with
any person, anywhere in______|
whether for a fee or charge or
not and whether in the per-
formance of duties of Company
or otherwise, including fee,
commission, or benefit from
any other person, firm or cor-
poration. Company, any and all
of its officers, agents, and em-
ployees shall not indicate and
shall not recommend in any
manner a specific brand of re-
ceiver or sales and/or service
company, other than the trans-
ponder supplied by Company.”

Compact disc digital
audio in '82

At a recent demonstration of
the new Sony-Philips Compact
Disc (CD) Digital Audio System
in New York City, Akio Morita,
co-founder of Sony, and Frank
Randall, vice chairman of North

continued on page 8
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WHAI'’S NEWS

continued from page 6

American Philips, jointly an-
nounced that they expected the
CD sound-reproduction system
would reach the market in the
fall of 1982.

Last April, after studying the
three leading systems, the Digital
Audio Disc Standardization
Conference recommended the
CD format as the standard for
aduio disc recording and re-
production.

In the Philips-Sony system,

the sound from the microphone:

is sampled thousands of times a
second, and the samples con-
verted into binary 16-bit words
by pulse-code modulation
(PCM). Each word expresses
the exact volume level of the
sound at the instant of sampling.
Those signals are recorded on
the disc in the form of pits and
flat places, representing binary
'zeros” and "‘ones’’.

They are read in the player by
a laser beam several times
thinner than a human hair, at
the rate of 4.3 million bits per
second. A converter in the player
itself changes the signals into
analog form, for input into any
conventional hi-fi system.

The disc is only 12 centimeters
(4.7 in.) in diameter. It is made
of metallized plastic, with a
transparent plastic coating over
the recording. This protects it
from dust, scratches, accidents,
and rough handling. The disc
rotates counter-clockwise, and
plays from the inside out. It
maintains a constant velocity

over its 22 miles of track, vary-
ing from 500 rpm at the inside to
200 rpm at the outside of the
disc. Tracking, rotation speeds,
and decoding are all governed
by information on the disc itself.
That reduces wow and flutter to
a point where they cannot be
measured.

Right and left sound channels
are encoded as separate infor-
mation that cannot be mixed on
the disc. Thus channel separa-
tion is 90 dB, as compared to a
top of 35 dB for very good con-
ventional equipment. The sig-
nal-to-noise ratio is also about
90 dB, considerably greater
than in conventional audio
equipment. The 90-dB dynamic
range compares with 55 dB on
the best long-playing records.
Frequency response is flat from
20 to 20,000 Hz.

Each one-hour recording is
made up of six billion bits.
About 25% of them are used for
audio; the rest contain control,
error-checking, and other in-
formation. The storage capacity
of a disc is over eight billion
bits. That offers interesting pos-
sibilities to hi-fi designers. Al-
ready plans are under way to
indicate number, length, titles,
and even texts of songs with
luminescent displays or TV
monitors.

Inventor-scientist Busignies
dies unexpectedly in France

Henri Busignies, chief scien-
tist emeritus of the International

THE COMPACT DIGITAL DISC, as compared to a 12-inch L.P, Actual diameter
of the disc is 4.7 inches (12 cm). Shown in the right foreground is the Philips
player and in the left foreground is Sony’s new player.

Telephone and Telegraph Co.
(ITT) died June 19 of a heart at-
tack. in Antibes on the French
Riviera. He was 76 years old,
and had been connected with
ITT since 1928, when he joined
the ITT laboratory in Paris.
During World War Il he came to
the United States, with plans of
a partly developed invention
that did much to end the German
submarine menace.

Busignies first became inter-
ested in radio at age 14, in 1919.
He obtained a degree in elec-
trical engineering in 1926.
During his senior year he ob-
tained a patent for a radiocom-
pass, and spent much of his
later life in work on electronic
navigation systems.

His high-frequency direction
finder (HFDF, or ‘“‘Huff-Duff”)
was one of the important inven-
tions of World War Il. German
submarines were sweeping the
seas of Allied shipping. To avoid
detection, they recorded neces-
sary communications with their
base, surfaced momentarily and
transmitted the compressed
recordings in the form of high-
speed ‘‘squirts,” in which a whole
message would be sent in less
than a second. Existing direc-
tion finders could not detect
such short  transmissions.
Busignies’ ‘‘Huff-Duff’’ located
the transmissions within micro-
seconds after they started, and
the Allies practically wiped out
the German submarine fleet.

Work on the “Huff-Duff” was
in progress when the Germans
occupied Paris, and Busignies,
with his plans and design data,
was smuggled out of the coun-
try and to the United States,
where he lived ever since. He
became the leader in electronic
navigation development, and
was involved in such systems as
VOR-DME (VHF Omnidirectional
Range-Distance Measuring
Equipment), TACAN (TACtical
Air Navigation) and VORTAC, a
system using co-located VOR
and TACAN. These systems
were described in Radio-Elec-
tronics (February, 1951 and
November, 1956) with the help
of material supplied by ITT.

Dr. Busignies was the re-
cipient of numerous interna-
tional honors, including honor-
ary degrees from the Newark
College of Engineering and the

Polytechnic Institute of New
York; the Pioneer Award of the
Aeronautical and Navigational
group of the IEEE; the IEEE’s
David Sarnoff Award, and the
Medal of the Industrial Research
Institute. He was a Fellow of the
IEEE and the Radio Club of
America, and in 1971 received
the Radio Club’s highest honor,
the Armstrong Medal.

New rear-projection TV
works in bright light

A 50-inch Sylvania rear projec-
tion television system with im-
proved image contrast in bright
light has been introduced by
North American Philips Con-
sumer Electronics Corp. It uses
the industry's first optical pro-
jection screeen based on the
black matrix technology that is
found in Sylvania Supersets.

THE 50-INCH SYLVANIA SUPER-
SCREEN television system uses a
black matrix screen, which offers
sharply improved contrast under
bright Fghting conditions.

The self-contained rear-screen
projection system has three
color-projection tubes, using
new rare-earth phosphors. The
black-matrix striping in the
screen rejects ambient light,
providing a high-contrast pic-
ture at high light levels. A 90-
degree viewing range—double
that of conventional projection
models—permits viewing from
either side.

The system also features a
comb filter, infrared remote
control, and favorite-station
scan, which permits the viewer
to scan quickly through the 20
channels programmed into the
set. A microcomputer tuning
system fine-tunes each channel
and the receiver is cable-ready.

R-E
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Synthesized
Hand-Held

Scanner!

Chances are the police, fire and weather
emergencies you'll read about in tomor-
row’'s paper are coming through on a
scanner right now. All scanners sold by
Communications Electronics bringthe
real live excitement of action news into
your home or car. With your scanner, you
can monitor the exciting two-way radio
conversations of police and fire depart-
ments, intelligence agencies, mobile tele-
phones, energy/oil exploration crews,
drug enforcement agencies and more.

Some scanners can even monitor aircraft
transmissions! You can actually hear the
news before it's news. If you do not own a
scanner for yourself, now’s the time to buy
your new scanner from Communications
Electronics. Choose thescannerthat'sright
for you, then call our toll-free number to
place your order with your Visa or Master
Charge card.

We giveyou excellent service because CE
distributes more scanners worldwide than
anyone else. Our warehouse facilities are
equipped to process thousands of scanner
orders every week. We also export scanners
to over 300 countries and military instal-
lations. Almost all items are in stock for
quick shipment, so if you're a person who
prefers fact to fantasy and who needs to
know what's really happening around you,
order your scanner today from CE!

NEW! Bearcatt350

The Ultimate Synthesized Scanner!
Allow 30-120 days for delivery after receipt of
order due to the high demand for this product.
List price $599.95/CE price $419.00
7-Band, 50 Channel ® Alpha-Numeric ® No-
crystal scanner ® AM Aircraft and Public
Service bands. ¢ Priority Channel ® AC/DC
Bands: 30-50, 118-136 AM, 144-174,421-512 MHz.
The new Bearcat 350 introduces an incredible
breakthrough in synthesized scanning: Alpha-
Numeric Display. Push a button—and the Vacuum
Fluorescent Display switches from “numeric” to
word descriptions of what's being monitored. 50
channels in 5 banks. Plus, Auto & Manual Search,
Search Direction, Limit & Count. Direct Channel
Access. Selective Scan Delay. Dual Scan Speeds.
Automatic Lockout. Automatic Squelch. Non-Volatile
Memory. Reserve your Bearcat 350 today!

Bearcat® 300

List price $549.95/CE price $349.00

7-Band, 50 Channel ® Service Search ® No-
crystal scanner ¢ AM Aircraft and Public
Service bands. ® Priority Channel ® AC/DC
Bands: 32-50, 118-136 AM, 144-174,421-512 MHz.
The Bearcat 300 is the most advanced automatic
scanning radio that has ever been offered to the
public. The Bearcat 300 uses a bright green fluo-
rescent digital display, so it's ideal for mobile
applications. The Bearcat 300 now hasthese added
features: Service Search, Display Intensity Control,
Hold Search and Resume Search keys, Separate
Band keys to permit lock-in/lock-out of any band for
more efficient service search.

NE W’ Bearcat® 350

Bearcat® 250

List price $429.95/CE price $279.00

6-Band, 50 Channel ® Crystalless ® Searches
Stores ¢ Recalls ¢ Digital clock ® AC/DC
Priority Channel ® Delay ® Count Feature
Frequency range 32-50, 146-174, 420-512 MHz
The Bearcat 250 performs any scanning function you
could possibly want. With push button ease you can
program up to 50 channels for automatic monitoring.
Push another button and search for new frequencies.
There are no crystals to limit what you want to hear. A
special search feature of the Bearcat 250 actually
stores 64 frequenciesand recalls them, one atatime, at
your convenience.

NEW! Bearcat® 20/20

Allow 30-60 days for delivery after receipt of
order due to the high demand for this product.
List price $449.95/CE price $289.00

7-Band, 40 Channel ® Crystalless ® Searches
AM Aircraft and Public Service bands ¢ AC/DC
Priority Channel ® Direct Channel Access ® Delay
Frequency range 32-50. 118-136 AM, 144-174,420-512 MHz.
The Bearcat 20/20 automatic scanning radio
replaces the Bearcat 220 and monitors 40 frequen-
cies from 7 bands, including aircraft. Atwo-position
switch, located on the front panel, allows monitoring
of 20 channels at a time.

Bearcat® 210XL

List price $349.95/CE price $229.00

6-Band, 18 Channel ® Crystalless ® AC/DC
Frequency range: 32-50, 144-174, 421-512 MHz.

The Bearcat 210XL scanningradiois the secondgener-
ation scanner that replaces the popular Bearcat 210
and 211. 1t has almost twice the scanning capacity of
the Bearcat 210 with 18 channels plus dual scanning
speeds and a bright green fluorescent display. Auto-
matic search finds new frequencies. Features scan
delay, single antenna, patented track tuning and more!

Bearcat® 160

List price $299.95/CE price $189.00

5-Band, 16 Channel ® AC only ® Priority
Dual Scan Speeds ® Direct Channel Access
Frequency range: 32-50, 144-174, 440-512 MHz.
Would you believe...the Bearcat 160 is the least
expensive Bearcat crystalless scanner.

This scanner presents a new dimension in
scanning form and function. Look at the smooth
keyboard. No buttons to punch. No knobs to turn.
Instead, finger-tip pads provide control of all scanning
operations, including On/Off, Volume and Squelch. Of
course the Bearcat 160 incorporates other advanced
Bearcat features such as Priority, Direct Channel Access,
Dual Scan Speeds, Lockout, Scan Delay and more.

NEW! Bearcat® 100

The first no-crystal programmable handheld scanner.
Allow 60-180 days for delivery after receipt of
order due to the high demand for this product.

List price $449.95/CE price $299.00

8-Band, 16 Channel o Liquid Crystal Display
Search ® Limit ® Hold ® Lockout ® AC/DC
Frequency range: 30-50, 138-174, 406-512 MHz

The world's first no-Crystal handheld scanner has
compressed intoa 3" x 7' x 1%’ case more scanning
power than is found in many base or mobile scanners.
The Bearcat 100 has a full 16 channels with frequency
coverage that includes all public service bands (Low,
High, UHF and “T”’ bands}, the 2-Meter and 70 cm.
Amateur bands, p/us Military and Federal Government
frequencies. It has chrome-plated keys for functions
that are user controlled, such as lockout, manuai and
automatic scan. Even search is provided, both manual
and automatic. Wow...what a scanner!

The Bearcat 100 produces audio power output of 300
milliwatts, is track-tuned and has setectivity of better
than 50 dB down and sensitivity of 0.6 microvolts on
VHF and 1.0 microvolts on UHF. Power consumption is
kept extremely low by using a liquid crystal display and
exclusive low power integrated circuits.

Included in ourlow CE price is a sturdy carrying case,
earphone, battery charger/AC adapter, six AA ni-cad
batteries and flexible antenna. For earliest delivery
from CE, reserve your Bearcat 100 today.

Bearcat® 5

List price $134.95/CE price $94.00

4-Band, 8 Crystal Channels ® Lockout ® AConly
Frequency range: 33-50, 146-174, 450-508 MHz.

The Bearcat 5 is a value-packed crystal scanner builtfor
the scanning professional — at a price the first-time
buyer can afford. Individuatlockout switches. Orderone
crystal certificate for each channel.

- - ™
Bearcat® Four-Six ThinScan
List price $189.95/CE price $124.00
Frequency range: 33-47, 152-164, 450-508 MHz
The incredible, Bearcat Four-Six Thin Scan” is tike
having an information center in your pocket. This four
band, 6 channel crystatcontrolled scannerhas patented
Track Tuning on UHF. Scan Delay and Channel Lockout.
Measures 2% x 6% x 1! Includes rubber ducky antenna.
Order crystalcertificate for eachchannel. Madein Japan.

TEST ANY SCANNER
Test any scanner purchased from Communications
Electronics™ for 31 days before you decide to keep it. if for

any reason you are not completely satisfied, return it in
onginal condition with all parts in 31 days, for a prompt
refund (less shipping/handling charges and rebate credits).

CIRCLE 85 ON FREE INFORMATION CARD
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Fanon Slimline 6-HLU

List price $169.95/CE price $109.00

Low cost 6-channel, 4-band scanner!

The Fanon Slimline 6-HLU gives you six channels of crystal
controtled excitement. Unique Automatic Peak Tuning Circuit
adjusts the receiver front end for maximum sensitivity
across the entire UHF band. Individual channel lockout
switches. Frequency range 30-50, 146-175 and 450-512
MHz. Size 2% x6% x 1! Includes rubber ducky antenna.
Order crystal certificates for each channel. Made in Japan.

Fanon Slimline 6-HL

List price $149.95/CE price $99.00

8-Channel performance at 4-channel cost!
Frequency range: 30-50, 146-175 MHz.

if you don't need the UHF band, get this model and save
money. Same high performance and features as the model
HLU without the UHF band. Order crystal certificates for
each channel. Made in Japan.

FANON SCANNER ACCESSORIES

SCMA-6 Mobile Adapter/Battery Charger. $49.00
CHB-6 AC Adapter/Battery Charger . R $15.00
CAT-6 Carrying case for Fanon w/Belt Clip . 515.00
AUC-3 Auto lighter adapter/Battery Charger. .. .$15.00
PSK-6 Base Power Supply/Bracket for SCMA-6 ... $20.00

OTHER SCANNERS & ACCESSORIES

Regency't M40O Scanner.. ... .. ... 00
Regency' M100 Scanner..... .. . $199 00
Regency’ R1040 Scanner. .. $149.00
SP50 AC Adapter .$9.00
SP51 Battery Charger. ... .............. .$9.00
$P58 Carrying Case for Bearcat 4-6 ThinScan™ ... $12.00
FB-E Frequency Directory for Eastern US.A. . .$12.00
FB-W Frequency Directory for Western U.S.A.. .. $12.00
FFD Federal Frequency Directory for U.S.A. . .$12.00
B-4 1.2 V AAA Ni-Cad's for ThinScan™ and Fanon . .$9.00
A-135cc Crystal certificate. .$3.00

Add $3.00 shipping for all accessories ordered at the sametime.

INCREASED PERFORMANCE ANTENNAS
If you want the utmost in performance from your
scanner,itisessentialthatyouuse anexternalantenna.
We have six base and mobile antennas specifically
designed tor receiving all bands. Order #A60 is a
magnet mount mobile antenna. Order #A61 is a gutter
clip mobile antenna. Order #A62 is a trunk-lip mobile
antenna. Order #A63 is a % inch hole mount. Order
#A64 isa%inchsnap-inmount, and #A70isanall band
base station antenna. All antennas are $35.00 and
$3.00 for UPS shipping in the continentat United States.

BUY WITH CONFIDENCE

To get the fastest delivery from CE of any scanner,
send or phone your order directly to our Scanner
Distribution Center” Be sure to calculate your price
using the CE prices in this ad. Michigan residents
piease add 4% sales tax. Written purchase orders are
accepted from approved government agencies and
most well rated firms at a 10% surcharge for net 10
billing. All sales are subject to availability. All sales on
accessories are final. Prices, terms and specifications
are subject tochange without notice. Out of stockitems
will be placed on backorder automatically uniess CE is
instructed differently. Most products that we sel!have a
manufacturer's warranty. Free copies of warranties on
these products are available prior to purchase by
writing to CE. 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 ctearance. Minimum order $35.00.

Mail orders to: Communications Electronics;
Box 1002, Ann Arbor, Michigan 48106 U.S.A. Add
$7.00 per scanner or phone product for U.P.S.
ground shipping and handling, or $14.00 for faster
U.P.S. air shipping to some locations. If you have a
Master Charge or Visa card, you may call anytime
and place a credit card order. Order toll free in the
U.S.A. Dial 800-521-4414. If you are outside the
U.8. or in Michigan, dial 313-994-4444. Dealer
inquiries invited. All order lines at Communi-
cations Electronics™ are staffed 24 hours.
Scanner Distribution Center™ and CE logos are trade-
marks of Communications Electronics™
t Bearcat is a federally registered trademark of Eiectra
Company, a Division of Masco Corporation of Indiana.
t Regency is afederally registered trademark of Regency
Electronics inc.
Copyright®1981 Communications Electronics™

™

Al COMMUNICATIONS
ELECTRONICS"

854 Phoenix 0 Box 1002 O Ann Arpor, Michigan 48106 U.S A
Call TOLL-FREE{BOO)521-4414 0routside U.S.A.(313) 994-4444

We're first
with the best.”
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New Portable Digital
Capacitance Meter

I PReCISION

KEITHLEY

Model 169

BENCH/PORTABLE DMM

e 3/, Digit liquid crystal
display

¢ 0.25% basic accuracy

e 26 Ranges

$189.00

mopeL 820
Call For Our Price

@ HITACHI

KEITHLEY

80MHz Counter with Period Function
mopeL. 1820

* 5Hz to BOMHz reading guaranteed—
100MHz typical

* Period measurements from 5Hz
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

o4 PrReCISION

Call For Qur Price

Non-Linear Systems

[FLUKE| | HICKOK

VIZ néh TRIPLETT

New Low Distortion Function Generator

BT PRECISION voper 3010
* Generates sine, square and triangle
waveforms

* Variable amplitude and fixed TTL square-
wave outpuls

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

{ * Typical sine wave distortion under 0.5°

g from O 1Hz to 100kHz

* Vanabie DC offset for engineering
applications

* VCO external input for sweep-frequency
tests

Eg PHILIPS WESTON

@ o4 Precision

DORIC

LEADER

(i-DATA PRECISION

RADIO-ELECTRONICS

-
o

TROMCS—C
ELEC ]

THE TEST EQUIPMENT
SPECIALISTS

TOLL FREE HOT LINE
800-223-0474

~~
master maru‘s
o

New Sweep/Function Generator

o 3020

* Four instruments in one
package—sweep generator, func-
tion generator. pulse generator,
tone-burst generator

* Covers 0.02Hz-2MHz
* 1000 1 tuning range

* Low-distortion high-accuracy
outputs

* Three-step attenualor pius
vernier control

* Internal linear and log sweeps

* Tone-burst output is front-panel or
externatly programmable

V-1518 15 MHz Single Trace
V-152B 15 MHz Dual Trace
V-202 20 MHz Dual Trace
V-301 30 MHz Singie Trace
V-302B 30 MHz Dual Trace
V-352 35 MHz Dual Trace

@HITACHI

L] . &
V-5508 50 MHz Dual Trace,
Dual Time Base ’ 55 ..
V-1050 100 MHz Dual Trace, s 4 &
Dual Time Base =
o Bi= 9|
Call For =2 BT A=
Special intro o & W T'& %V
Price Ofter - -
-

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

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 americanradiohistorvy com




THESE 1981 B&K OSCILLOSCOPES
ARE IN STOCK AND AVAILABLE

FOR IMMEDIATE DELIVERY DIGITAL MULTIMETERS

« Six functions « 3'%-digit resolution

dc voliage
ac voltage * 0.25% basic dc¢ accuracy
Model 80228B: dc current « LCD display
N The Troubleshooter geicuren] Overioad protection
; resistance ¢
»'J€ PRECISION Giode 165t

$139

Model 80208:
The Analyst
1479A Dual-Trace 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

Model 8024A:
The Investigator

$239

PORTABLE
OSCILLOSCOPES

BATTERY OPERATED

NEW

« Seven functions

dc voltage
ac voltage
dc current
v A f | ac current
@ Non-Linear Systems resistance « Nine functions « pPeak hold on voltage
Single Trace 15MHz diode test dc voltage and current functions
Call For Our Prices copdeciancelii) ac voitage * Selectable audibie
* 3V,-digit resolution :(C; 23::2:: indicator for
MS-215 MS-230 * 0.1% basic dc accuracy resistance continuity
- i or level detection
§ L . « LCD display diode test o
« Overload protection coqductance (1/R}  * 3V2-digit resolution
ve RIS logic level and * 0.1% basic dc accuracy
* Two year parts continuity detect
and labor warranty temperature (K-lype * LCD display

thermocouple) » Overload protection

Dual Trace 15 MHz Dual Trace 30MHz

MODEL 130

DIGITAL MULTIMETER CALL US

DC VOLTAGE

[ 200mv, 2v, 20v, 200v, 1000V | 5% | F O R O U R
AC VOLTAGE

[ 200mV, 2V, 20V, 200V, 750V | 1%J

o0 cunsent FALL

[ 2mA, 20mA, 200mA, 2000ma, 10A | 2% |

AC CURRENT ’ .

[ 2mA, 20ma, 200mA, 2000ma, 108 | 3% | L g

RESISTANCE E

$125_ [2000 22, 20k, 200k2, 20MQ | 5% | -
11
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TELETEXT
TESTS
UNDERWAY

Teletext experiments are now in progress on TV stations in Chicago, Los Angeles,
Washington, and San Francisco—and several more trials are due to get underway in the
months ahead. The current market trials use each of the three major teletext tech-
nologies. And each of the tests is described as an experiment to find out what TV
watchers will want to see in the way of electronic information transmitted into their
homes via the vertical interval of a TV picture (left and center, above).

In Chicago, the ““KeyFax" test is being transmitted on WFLD-TV Channe! 32 using
Britain's Teletext technology, adapted by Zenith. Field Electronic Publishing, a sub-
sidiary of the company which publishes the Sun Times newspaper and owns WFLD, is
running the test on lines 13-16 of the VBI, transmitting a magazine of about 100 pages of
news, sports, and business information plus an inventive collection of puzzles and
games. In Washington DC, WETA-TV Channei 26, a public-television station, is transmit-
ting about 50 pages of news, community bulletin board, and public service information.
The station is using Canadian Telidon technology, encoding data within lines 15-18 of
the vertical interval. The Los Angeles test got under way last Spring aboard KNXT-TV
Channel 2 (CBS-owned station) and public TV station KCET-TV Channel 28. This fall,
KNBC Channel 4 is joining the test; all of the LA stations are using French Antiope
technology. In addition, KPIX-TV Channel 5 in San Francisco is using Antiope for a test
which is piggy-backed to the Los Angeles tests, including California news plus closed
captioned programming, which is also visible at homes with the necessary decoder.

Enthusiasm about teletext and its cousin technology, videotex, got a boost recently
when AT&T endorsed a Presentation Level Protocol which is akin to Telidon. AT&T
hasn’t yet spelled out specific plans for information-retrieval services—although it has
conducted discussions with CBS and other companies for technological compatibility
in developing such services. Meanwhile, the FCC is opening up a policy-making proce-
dure to set up rules for teletext. Public comments on the FCC proposal will be accepted
throughout the next few months.

CONSUMER
ELECTRONICS
SHOW

Nearly two dozen satellite receivers were on display at the summer Consumer Electron-
ics show (top right)}—another indicator of the avid appetite for picking up video from
space. Prices remain about the same—which means it's still possible to buy recep-
tion equipment for under $3,000—but you're more likely to pay in the $5,000 to $9,000
range for a complete, installed package.

AROUND THE

Superstation WTBS Atlanta Channel 17 is now starting all programs at five minutes past
the hour and half-hour; WTBS owner Ted Turner says the variation is an aid to viewers
who don’t want to get wrapped up in shows starting at traditional times on the hour or
30-minute mark.

Oak Industries, which is one of the largest over-the-air pay-TV companies (operating
in Los Angeles, Miami, Chicago, Detroit, and other cities), plans to go into the direct
broadcast satellite business—possibly launching its own satellite eventually. Its first
step, however, would be to program pay-TV services on another DBS system.

g SATELLITE
2 CIRCUIT
§
12
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Seeking signal sources?
Simply say “B&K-PRECISION”

3 new function generators make it easier than ever

The growing B&K-PRECISION line of instru-
ments now includes four high-performance
sweep/function generators, as well as our popu
lar 5 MHz pulse generator and 1 MHz function

generator.

The three new additions are the 3030 5 MHz
high accuracy sweep/function generator, the
3025 5 MHz sweep/function generator and the
value-packed 3015 200 kHz sweep/function
generator. The 3030 was specifically designed o
handle a wide range of engineering applica
tions. It generates all seven of the most com
monly needed waveforms. Wide-range variable
symmetry control allows further capability to
create virtually any wave shape. For ultra-high

accuracy sweep-limit control, the 3030 uses
Kelvin-Varley dividers. Linear or log sweeps are
selectable from 10 milliseconds to 100 seconds
With a frequency coverage of 0.005 Hz to 5
MHz, the new 3025 is more than able to handle
most lab and field function generator applica-
tions. In addition to sine, square and triangle
waveforms, the 3025 offers a haversine function
for more specialized needs. Linear sweeps to
1,000:1 and log sweeps to 10,000:1 are front-

Model 3300 $375

R, 300 SWEERFUNCTION GENERATOR
———— e

~ A~ on

panel selectable, with independently settable
start/stop limits

The new 3015 is 4 very compact sweep,
function generator intended for audio and
ultra-sonic applications. Unique in its price
class, the instrument covers 2 Hz 10 200 kHz,
with selectable linear and log sweeps. Both var-
iable and fixed TTL level outputs are featured

If vou re “seeking signal sources,” the place
to stop is your local B&K-PRECISION distrib-
utor. To receive a free brochure on the full line
of B&K-PRECISION generators. or for the
name of vour local distributor, call toll-free

(800) 621-4627 (in Illinois, 312-889-8870 .

<ron Snase e

Tom et

Model 3020 $379

Model 3010 $220

o PRECISION

NEW Model 3030 $645

NEW Model 3015 $270

Canadian Sales, Atlas Etectronics, Ontario

CIRCLE 72 ON FREE INFORMATION CARD
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NEW Model 3025.$450 '

DYNASCAN
CORPORATION

6460 W. Cortland Street « Chicago, IL 60635 * 312/889-9087~

International Sales, 6460 W. Cortland Street, Chicago. IL 60635 USA: TELEX: 25-3475
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EDITORIAL

The Computer Revolution

RADIO-ELECTRONICS

A little more than 12 years has passed since that fateful day in
August '69. At the time no one knew how drastically that day would
effect the course of modern technology. For it was on that day that
the Intel Corporation was commissioned by the Busicom Corpora-
tion of Japan to design a set of calculator IC’s.

On the surface it was no different a contract than any of the
other million or so business ventures that were concluded on that
day. But this one was different—technologically different. Busicom
did not want just another standard set of calculator IC’s, they
wanted a set that would be versatile—that would support a whole
family of calculators. The idea was to produce a single set of IC’s
and then customize the behavior of the IC’s using ROM'’s to pro-
duce the particular kind of calculator desired.

Two years later, in June 1971, as a direct result of the contract
with Busicom, Intel introduced the 4004 microprocessor. The 4-bit
4004 was the first microprocessor. By early 1972, Intel was shipping
samples of the 8-bit 8008. The rest is history. In July 1974, Radio-
Electronics published the first computer-construction article to use
a microprocessor. It was a 8008-based computer called the Mark-8,
designed and built by Jon Titus. The era of the hobby computer
had begun! Shortly afterwards, a small company called MITS intro-
duced the 8080-based Altair computer—the first computer to be
offered in kit form.

Before the Mark-8 and the Altair, there was IBM, DEC, and
Honeywell. Today there are names such as TRS-80, Apple, PET,
Heath, Ohio Scientific, Sinclair, Microace, Netronics, and a host of
others. During the interim, we have seen the birth and death of
many computers, such as the SOL. But today, there is one un-
deniable fact: Never before in the history of mankind has a more
technologically advanced piece of equipment been placed into the
hands of so many people. The computer revolution is here.

We cannot predict what the future will bring; we can only guess
at it. Xerox has already announced its home computer and the in-
dustry insists that IBM’s announcement will be close behind, per-
haps before you get to read this. Whatever their plans, you can be
sure that they, and other electronics giants, will become part of the
technological tidal wave that is destined to change our life.

In keeping with the needs of our readers, we have published in
this issue the fourth edition of Your Own Computer—A Buyer's Guide
to Personal Computers. Whether you are seriously considering the
purchase of a home computer or are just interested in learning
what it's all about, you will find this special section must reading.
Whatever the next twelve years will bring, it will be even more
revolutionary then the past twelve. And that’s definitely an under-

statement!

ART KLEIMAN
Managing Editor
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Outputs: 5V or 13V DC,
adjustable = 1%V

NEW! : ) ' ' j‘ i Zeroto 7.5 amﬁ, each voltage.
§ - & 8 Two LED displays,
WP-709. : - . k - monitor V or A—

or two DC voltmeters
Adjustable current limiting

Double-siot

Supplyst™ =t _ R N\g
power supply. BN @y 7 Only

Power supplied: i e A 5299 75
13Vors5V, Measure circuit Measure circuit L L4

adjustable voltage #1 voltage #2

DC power to test logic or mobile
equipment. Another VIZ Value

HERE'S REAL PRECISION plenty for computer circuits, PA monitoring of both voltage and
Select the precise voltage you want: systems, mobile transmitters, autos, current during use. Current limiting
5V or 13V, adjustable + 1%,V at each boats, planes. control with instant pushbutton reset.
EHEE %gtspt“ht - gag’rg(/atoé;ftuoa"gék HERE'S REAL CONVENIENCE The WP-709 is like two precision
Repgpulation better than' 8 19 peax. Front panel controls for instant power supplies for a price less than
g voltage adjustment and precise fine you might pay for one— PLUS two
HERE'S REAL POWER adjustment to within 0.1V. Two 3-digit digital DC voltmeters.
Up to 7.5 amp. at each voltage— LED displays permit continuous
VIZ s I TM Fully regulated, adjustable current limiting power sup-
Upp YSf plies, PLUS two built-in digital DC voltmeters in a single
. . - ) quality unit. Digitally monitor output voltage or current
power supplies with digital displays of voltage and current or two externa!l voltages.
S ——— n—
WP-705 $289.95  WP-706 $295.95 m
Single output Single output ” »
- 0-50VDC. 0-2A. 0-25VDC. 0-4A. g6 % =
. _
WP-707 $374.75 WP-708 $424.95 .
Dual output Triple output Two 0-20VDC, 0-2A. i
Two 0-25VDC. 0-2A. One 5VDC, 0-4A. L s o8 e B -

VIZ DC power supplies

Fully regulated, continuously adjustable voltage
outputs with short circuit protection.
Analog meters and overload indicators.

i W — e e S -
e uz NIZ

I' w
" | o /
SO T
5 minon
Single WP-703A Single WP-704A
ot oepoms $107.00  Gaovoe o2soma $117.99

VIZ RELIABILITY ]

'’

00|
VIZ is a 50 year-old company. Our instruments are
fully warranted, parts and labor, for a year.

a & 1EN } 2.( L\ J"-
z ¢ '!' i h 3 4
\" L) -~ SORSET- .
”6 3 All items tested to NBS standards. We offer service and parts

Dual WP-702A Two 0-20VDC. 0-200mA $1 5075 availability for a minimum of ten years. Over 15 repair depots in U.S.A

Want full technical details and a demonstration? Call toll-free. 1-800-523-3696, for the VIZ distributor nearest you

Look to VIZ for value, quality, availability.
11 / Over 70 instruments in the line— PLUS full accessories.
VIZ Mfg. Co., 335 E. Price St., Philadelphia, PA 19144
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What'’s

new with NRI's

home-training program in
communications electronics?

NEW!

hand-held, microprocessor-based
2-meter scanning transceiver

The remarkable world of com-
munications is expanding in quantum
leaps! Almost before you can absorb the
last one, there’s a new advance in
technology, a new use for a new miracle
of science. And NRI trains you to keep
the pace.

Now, NRI's renowned home-study
course in Communications Electronics

Almost everything!

NRI takes you to the edge of technology with state-of-the-art
training on microprocessor-based communications equipment.

reflects the latest, state-of-the-art If you wish, you may choose to

technology. ..includes up-to-the-minute  take your training with the Bearcat 210

equipment, experiments, and training ~ scanner receiver. Also microprocessor

techniques. And you learn it all at your  based, it operates over five bands to give

convenience, in your own homeinyour  you automatic operation from 32 to

spare time. NRI brings your training to 512 MHz.

you. No need for night school, class- New Action Audio “Talks”

room pressures, travel expenses, or You Through Training

strict schedules. You're a class of In addition to lessons, experi-

one, learning at your own ments, and reference manuals for this

pace by methods proven i

i 7ol IR Bt e

perience and over a @ scanning monitor receiver

million and a half

other students.

Hands-On
Training

with Choice of

Transceiver or
Scanner

That's because NRI train-

ing is fully practical training,

You not only get the “book

learning,” but also actual real-

world experience through NRI

Action Learning techniques.

Your hands-on training is built

around the advanced 2-meter

transceiver that performs as

a fixed or mobile station. Its micro-

computer controls let you synthesize

any frequency in its range, program

full or four-channel scanning

by step through each circuit, explaining ™=

I
I
I
I
I
I
ing. Your NRI instructor leads you step wm |
I
I
I
I
I
N
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fully portable,

w six-function, 26-scale
@ LCD digital multimeter

its function and interaction with others
to make concepts crystal-clear.
Test Instruments Included

Your NRI Communications Elec-
tronics course also includes professional
test instruments. Use them in the many
experiments and demonstrations you
perform, then keep them to use in your
professional work. You get the Beckman
Tech 300 hand-held LCD digital mul-
timeter with six ranges and 26 scales to
cover almost every IM-2400 measuring
need you'll encounter. You also get
the Heathkit UHF frequency counter,
indispensable for both bench and field
measurements of transmitter output
frequency. Both instruments come with
NRI Action Audio training backup.

At the heart of your
experiment program is the
NRI Discovery Lab and the
famous NRI Antenna Appli-
cations Lab. Using them
with your instruments and
equipment, you'll perform
over 80 separate projects to
demonstrate and illuminate
the new concepts you learn.
Up-to-the-minute experi-
ments cover bipolar and
field effect transistors,

op amps, phototransistors, digital
logic circuits and power supplies.

New Training in Satellite
Communications,
Microcomputers,

and Digital Electronics
NRI lessons are kept up to date!
Latest subjects include the booming
field of satellite and data communica-
tions and telemetry. You also get train-
ing in the key field of microcomputers
and digital controls, appearing on more
and more communications equipment.
You’re Trained in
Every Field
Satellite communica-
tions is just one of the many
fields covered by this com-
plete communications pro-
gram. You also learn how to
install, service, and repair
mobile radios; CBs; micro-
wave antenna systems; air-
craft and marine radio and
navigational electronics; AM,
FM and TV broadcast equip-
ment; radar; just about any
electronic communications
equipment you'll ever run
across. You're trained for the
good-paying jobs in the se-
cure, high-demand field of
today’s electronics professionals.

FCC License or
Full Refund

NRI stands behind you all the
way. Government regulations require

l the famous NRI Discovery Lab®
"Ew now with advanced high tech-
@ nology experiments

www americanradiohistory com

wide-range portable
frequency counter
with LED digital
display

that the servicing of transmission
equipment be performed by a tech-
nician holding a valid FCC Radio-
telephone License. NRI promises that
you'll pass your FCC exam and get your
license or your tuition will be re-
Sfunded in full. No ifs, ands, or buts
...this money-back agreement is good
for a full six months after your gradua-
tion. That's how confident we are of
the completeness and quality of NRI
training,
Free Catalog,
No Salesman Will Call
Find out all the facts on this

exciting way to get into one of the

N

hottest opportunity fields around. Send
the postage-paid card for your copy of
our free catalog describing NRI Com-
munications Electronics in detail. You'll
get lesson plans, equipment specifica-
tions, and experiment descriptions plus
information on other high-tech courses
like Microcomputers, Digital Elec-
tronics, TV and Audio Servicing, etc.
Send the card today and see what’s new
with NRI and new for you. If card has
been removed, please write to us.

NRI Schools
McGraw-Hill Continuing

f‘R Education Center
e‘ o 3939 Wisconsin Ave.
i Washington, D.C. 20016
' Hi

we'll give you tomorrow.

1861 4380100

-h
©w



RADIO-ELECTRONICS

N
o

LETTERS

UNICORN-ONE

| enjoyed your articles on the Unicorn-
One project, and | thought about the
closing sentence: “What will be your con-
tribution to the age of robotics?"

I'm not actually into robotics, but I've
come up with an idea that might be useful
to those of you who are.

Do you know anything about the metal
“nitinol”"—the metal with a memory? On
the science updates produced by CNN
(Cable News Network), they demonstrated
the use of that metal and its sensitivity to
the heat/cold cycle.

In its normal state, it can be bent com-
pletely out of shape, but when heated it
will revert back to its original shape. |
found that fascinating, because it seemed
to me that the metal’s characteristic would
make it useful to build a better robot hand.

If one could construct a subminiature
device and use it for the joint connections
in the robot's fingers, | think that we
would then have a robotic hand that could
grasp objects.

A computer would control the DC input
to a thermo module via D/A conversion to
either heat or cool the nitinol metal. Heat-
ing would cause it to bend in a prede-
termined pattern and to exert a prede-
termined degree of force. Rubber (or
some other elastic material) would be
used to provide some degree of support.
One could see it for elbow joints, too.

It wouldn't take much of a temperature
change to cause the metal to flex, and a
computer could control the different
finger movements readily by varying the
DC inputs to the thermo units.

ROBERT ELMORE,
Valdez, AK

RADAR DETECTORS

One can sympathize with the sentiments
expressed by Dalton T. Horn in the June
1981 “‘Letters” section, that radar detec-
tors should be made illegal because they
are used solely to enable motorists to
break the speed-limit laws. That is true, of
course; but the arguments he advances
to support his indignation and his con-

clusions are quite wrong. Let's see why.
He starts off with his weakest argument:
that a radar-detector is not a communica-
tions receiver because ‘it merely detects
the presence or absence of a carrier sig-
nal.” That is a curious argument—some-
thing like saying that a radio is not a re-
ceiver at the moment that radio stations
are broadcasting dead air. The law does
not specify the electrical or content nature
of a received broadcast; and to suggest
that the information that a radar detector
conveys to a speeding motorist is not a
‘communication™ is simple foolishness.
But, of course, the real argument goes
far deeper. The primary question is
whether citizens have the right to disagree
with a law by breaking it. The answer
should be obvious. Citizens nowadays are
obliged to break laws with which they dis-
agree because that is the only way that
their objections can be heard. The federal
bureaucracy has effectively sealed off the
citizenry of the country from the majority
of law-making processes. There is no
continued on page 22

HARAMELS

Hameg introduces high performance at low cost in the HM 203, a full featured, highly reliable, dual trace
20 MHz oscilloscope. lor only $580, the HM 203 has specifications normally associated with higher priced
scopes. Bandwidth - DC 20 MHz @ Risetime 17.5 ns ® Overshoot 1% max. @ Y amp range 5 mv/cm to
20 v/cm @ Max. inpul voltage 500V ® Timebase .5 us/cm 1o .25 /cm @ Sweep mag. x5 @ Trigger 5 Hz 10

30 MHz ® X:Y plot @ Built-in probe calibrator and more. Its sturdy construction and light weight (13.2 Ibs.)
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make the HM 203 equally at home in the field and on the 1est bench.

See us at WESCON 81’
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HM 203

High performance
at
low cost.

$580

(PROBES INCLUDED)

A quality scope,
made in the US.A.,
by a company with
over 23 years
experience.

HANMEL=S
88~-90 Harbor Rd.

Port Washington, N.Y,, 11050
Tet (516) 883-3837
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cure the 10 most
common nuisances
in PA instantly

fact: These 10 problem solvers in
your toolbox are like 10 new tricks up
your sleeve. Or 10 hours of saved
time. Or money in the bank. They
make molehills out of troubleshooting
mountains, without soldering, or
splicing, or internal equipment
modifications.

Problem: Solution:

nput A15AS Microphone
Overload Attenuator—prevents
| & overload. - -
Phasing A15PRS Phase
Reverser

B for balanced lines.
Low- A15HP High Pass
Frequency Filter—reduces low-

Noise frequency noises and
~ proximityeffect.

High- A15LP Low Pass Filter—

Frequency reduces objectionable
Noise high-frequency noises._
Lack of A15PA Presence
Presence Adapter—adds intelligi-
~ bility and brilliance.
Sibilance A15RS Response

Shaper—sibilance filter-
ing, plus flattened

response.

Line Level A15LA Line Input
to Mic input Adapter—converts bal-
anced low-impedance
mic input to line level
S 1)) S —
Matching/ A15BT Bridging Trans-
Bridging/ former—matches bal-
Isolating anced or unbalanced
devices of different
_impedances.
Trouble- A15TG Tone Generator
shooting —700 Hz signal helps
check levels, connec-
tions, mixer inputs, and
. cables
Microphone  A95and A97 Series
Impedance Line Transformers—
Matching make it possible to con-

nect low-impedance
lines to mid- and high-
impedance inputs (or

The Sound of the Professionals®

HERFEER

Send for the brochure, AL280F
Shure Brothers Inc., 222 Hartrey Ave.,
Evanston, IL 60204,

In Canada: A. C. Simmonds & Sons Limited
Manufacturers of high fidelity components,
microphones, sound systems and
related circuitry.

CIRCLE 59 ON FREE INFORMATION CARD

fact:

a Genuine Shure upgrade
stylus is unquestionably
the biggest bargain in hi-fi

We strongly urge you to check your stylus for wear at least once a year to protect
your records and maintain the highest standards of listening pleasure. Regardless
of when (or where) you purchased your Shure cartridge, there is a Genuine Shure
replacement stylus available which will bring your cartridge right back to its
original specifications, Even better, you may actually be able to improve its
performance significantly over the original with a Genuine Shure upgrade

stylus ... at surprisingly low cost! For example:

IF YOU OWN: UPGRADE WITH:
V15 VN3S5HE
Type 111 Hyperelliptical
SERIES stylus
M95 N9SHE*
SERIES | Hyperelliptical
stylus
M70 N72B
SERIES | Spherical stylus
ANY M9I1, M92, M93 NIIED*
stylus
ANY M71, M73, M75 N7SHE TYPE 2*
Series styli
ANY M44 Series NSSE*
stylus
M3D, M7D N21D*
stylus

*Before purchasing any replacement stylus be certain your turntable is compatible with the
tracking force of the stylus you select.

Always insist on a Genuine Shure
replacement stylus.
Look for the name “Shure” on the stylus grip.

Genuine Shure upgrade styli by -
L Qg

I sHURE]|

Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204, In Canada: A, C. Simmonds & Sons Limited
Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
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continied from page 20

voting booth in the country (nor a single
candidate for office anyone can vote for),
whereby any change is possible in most
of the regulations that are, in effect,
laws—the national 55-mph speed limit in-
cluded.

Not only is the 55-mph speed limit “'law"’
one your opinion was never asked about;
its proponents lie to you about why they
feel it is necessary. “To save lives,” they
claim—as if the government has some
constitutional mandate to save you from
yourself. In fact, the 55-mph speed limit

does little to save lives on the super high-
ways, which are the only roadways its im-
position effects. It does save oil, of
course—but the crisis in oil is one which
the federal bureaucracy’s meddling with
the natural dynamics of supply and de-
mand created in the first place.
Exceeding the speed limit when it is
safe to do so is no more dishonorable
than avoiding the payment of a tax on tea
imposed by an overseas bureaucracy. We
Bostonians had as much to say about the
imposition of that obnoxious “law’’ back
in the 18th century as we have today with
the 55-mph speed limit. Now, as then, it's
time we did something about it in the only
way that is available to us.
THOMAS MARTIN HOLZEL,
Concord, MA

ADMANCE IS PROUD
TO INTRODUCE

@ Non-Linear Systems

High Quality Oscilloscopes
Backed by
A Two-Year Warranty

*{Exception. model MS-230 is shightly deeper, at 8.6”, and heavier, at 3.6 Ibs.).

VERTICAL DERECTION TIME

MODE. BANDWIDTH FACTOR

BASE
0.054 Sec t0 0.2 Sec/dv

10mV to 50V/div
M0 0MH 12 Ranges 21Ranges
10mV to S0V/drv. 0,14 Sec 0 0.5 Sec
MS-215 Mz 12 Ranges 21 Ranges
10mV to S0V/dw. 0.1 Sec 10 05 Sec.
Ll [ 12 Ranges 21 Ranges

prelouance

THE TEST EQUIPMENT
SPECIALISTS

TOLL FREE HOT LINE
800-223-0474 ,
A 54 WEST 45th STREET, | EENEEEN|

NEW YORK. N.Y. 10036 212-887-2224

Call For
Special Introductory
Price Offer
e ]

Non-Linear Systems’ trio of mini-
scopes are accurate, affordable,
portable. And there’s one to match
nearly every budget and need.
Standard features on all models
include an input impedance of 1
megohm with 50 pF; maximum in-
put voltage of 350 V; trigger modes
in auto, internal, external and line;
slope that's + or — selectable;
graticule (4x5 division of 0.25”
each); dual power sources operat-
ing either internally from recharge-
able lead acid batteries or external-
ly from 115 VAC or 230 VAC (50-60
Hz) via plug-in transformer; handy
size (2.9"H x 6.4"W x 8.0”"D) and
weighs just 3 lbs.*

Check the chart below for de-
tails of model features and specifi-
cations.

MS 15

The remarkable Touch Test 20 DMM. With
the Touch Test 20 Non-Linear Systems intro-
duces the 2 1b. 4 oz. test lab. Now, with 20
key test functions at your fingertips (plus the
ability to measure 10 electrical parameters
and 44 ranges), you can take one lab to the
field instead of a cumbersome collection of
individual testers.

The new Touch Test 20 D M M features:

¢ Built in temperature measurement (including probe;
F® and C°)

e Capacitance measurement

»DC Voltage (200 MV ~ 1000V)

e AC Voltage (200 MV — 1000V)

¢ DC Current (200 uA — 10A)

o AC current (200 uA — 10A)

¢ Resistance (200 Q — 20MQ)

e Diode Test

wwWw americanradiohistorv com

In reference to Mr. Horn’s letter in the
June 1981 issue of Radio-Electronics,
“Objections,” | would say that he is
missing a few points.

| can just imagine iaw enforcement at-
tempting to identify vehicles with an auto-
matic vehicle-identification system. The
thought of that, and the attending po-
tential problems and cost is staggering.
Local faw enforcement does not have the
technical expertise or the equipment to
enforce many of the vehicle codes that
are presently on the books—for example,
vehicle-noise requirements, emissions,
window tinting, etc.

Radar detectors are not inexcusable, in
themselves. But the way that some law-
enforcement officers use the radar equip-
ment is something else. It is possible to
obtain erroneous indications of vehicle
speeds because of reflection, and other
factors. And because of their lack of tech-
nical expertise, some police officers con-
tinually take speed readings in areas with
high reflectivity and vibrations—such as
areas inside steel-reinforced tunnels, and
in and around areas containing large sta-
tionary or moving metal objects.

Some traffic police officers like to sit
around street corners and wait for un-
suspecting drivers, all of whom may not
be exceeding the speed limits. But when
such an unsuspecting driver sees the
police car, he or she is very likelyto slam
on the brakes abruptly because of human
nature—and that could be the cause of a
serious accident.

In addition, traffic police officers do not
always write fair tickets; thus even in-
nocent drivers must often look around
and behind corners and bushes for
lurking patrol cars, instead of watching
where they are going. That, too, can
cause accidents. Ask yourself: How many
tickets have been written over the years to
persons who were traveling four or five
miles an hour above the speed limit by
radar, when the limit should have been
higher? In other words, they were caught
in a speed trap, but probably were driving
safely, and never did see personally the
speed reading on the radar gun. Because
of the attention that has been brought to
those radar detectors, there have been
some dramatic advancements in the art
(in some instances it was found that the
backyard technician or electronics expert
was building better radar detectors than
the military; not too unusual, considering
the advancements).

And finally, for those people who build
pay-TV decoders: If Mr. Horn checks, he
will find that it is illegal to sell complete
working decoders (recent federal and
state court rulings). Those that are selling
completed decoders have a pretty limited
supply of those decoders, and those who
are doing the buying usually have limited
supply of cash.

Presently, the only people who should
be building those decoders should be the
backyard technicians or electronics ex-
perts who are attempting to improve
themselves technically. Most of them
have been spending around two hundred
and fifty dollars for a fifty-dollar working
device. (The black market, fully-working
devices are going for around five hundred

continued on page 24



Now in one convenient, workbench guide. . .

INSTANT SOLUTIONS

ELECTRONIC TROUBLE

PROBLEMS —F

Imagine! All the valuable nuts-and-bolts instruction you need
to slash working time. . .and make more money! For just $2.09!

That's what you get in WORKBENCH
GUIDE TO ELECTRONIC TROUBLE-
SHOOTING by noted electronics authority
Robert C. Genn, Jr. This comprehensive
source of useful electronics know-how gives
you page after page of sensational tips,
techniques and shortcuts that can help you
take on more jobs. . .finish them faster. . .
make better repairs. . .and reduce callbacks!

What's more, WORKBENCH GUIDE
shows you how to save money with ‘‘home
brew'' test circuits that do the same job as
expensive equipment—at a fraction of the cost!

No gimmicks! No obligation!
You'd normally have to pay $12.95 to benefit
from the wealth of knowledge WORKBENCH
GUIDE contains. But you pay only $2.09! It's
our way of introducing you to the Electronics
Book Service — the no-risk book club that
keeps over 50,000 technicians, troubleshoot-
ers and hobbyists informed, of the best and
most useful books on electronics.

We chose WORKBENCH GUIDE for our
introductory offer because it's representative
of the many outstanding selections we make
available to our members.

Join now as a trial member of the Electronics
Book Service and you'll receive your copy of
WORKBENCH GUIDE TO ELECTRONIC
TROI(,;BLESHOOTING for the low, low price
of $2.09.

Once you have paid for your introductory
selection, you are under no obligation to buy
any other club offering. That's what makes the
Electronics Book Service so unique.

And, even if you never buy another book,
you'll still be informed every four weeks of the
most useful, valuable new books in the field,
available to you at generous savings.

Just look at all the
electronics information

your $2.09 will buy!
WORKBENCH GUIDE TO ELECTRONIC
TROUBLESHOOTING provides hundreds of
sharp ideas and sure-fire techniques for solv-
ing even your most difficult troubleshooting
problems.

For starters, you get step-by-step instruc-
tion in how to build your own test circuits from
components you probably have in your junk-
box now. They'll help you do everything fas-
ter. . .without having to pay for high-priced
testing equipment.

Then you discover how to quickly locate all
types of malfunctions in electronic equip-
ment. . .and how to correct each problem with
minimum inconvenience.

And, you get no mind-boggling explana-
tions. Just straight, easy-to-follow directions
for techniques that really work.

WORKBENCH GUIDE is packed with tips
and shortcuts that will save you time and
money:

e How to use resistors in place of expensive
transformers

e How to make a time-saving graph for de-
termining input impedance

e How you can make a simple instrument that
measures resistance better, in special cases,
than an ohmmeter

e How to construct and use a simple OP AMP
tester
e How to make a device that can determine
total harmonic output, as distinct from each
frequency of the output
e How you can knock together a simple, easy-
to-use substitute instrument—from compo-
nents lying around in your shop right now—
instead of shelling out big money for a signal
generator with metered output
e How to perform simple, but effective fre-
quency measurements with a scope

Plus much, much more!

Fully illustrated!

WORKBENCH GUIDE TO ELECTRONIC
TROUBLESHOOTING contains over [00
easy-to-follow charts, tables and illustrations
to help simplify the techniques and shortcuts
you’ll be using.

Here are:
e Charts for easy conversion of decibels and
voltages
e A table for RF increase vs. percent of modu-
lation
e Conversion factors for areas, volumes and
capacitarice-to-reactance
e A test set-up for IF amplifier AGC trouble-
shooting
® A test set-up for testing triacs

WORKBENCH GUIDE TO ELECTRON-
1IC TROUBLESHOOTING is the best source
there is for learning how to save time, trouble
and big money on instruments and equip-
ment. . .and getting instant answers for up to
99% of the troubleshooting problems you en-
counter. That makes it a perfect way to intro-
duce you to the Electronics Book Service.

Begin your membership today.

Mail this coupon now.
All you need do to begin your trial membership
in the Electronics Book Service is fill out and
mail the coupon below. When we receive it, we
will ship vour copy of WORKBENCH GUIDE
TO ELECTRONIC TROUBLESHOOTING
atonce.

Remember, the Electronics Book Service has
no additional book purchase requirements.
Once you’ve paid $2.09—plus shipping and
handling—for WORKBENCH GUIDE TO
ELECTRONIC TROUBLESHOOTING, you
don’t need to purchase any other selections!

Why dzlay? Mail the coupon belcw to get
your copy of this $12.95 benchside guide for
only $2.09—and to receive all the benefits of
membership in the Electronics Book Service.
Fill out and mail your coupon right away.

TO YOUR

SHOOTING

OR ONLY $2.09!

—_

Here is the
practical and
efficient way
in which the
Electronics
Book Service
operates.

1. When you enroll as a member, you re-
ceive—for only $2.09 (plus shipping and
handling, with tax where applicable )—your
copy of WORKBENCH GUIDE TO
ELECTRONIC TROUBLESHOOTING.
This is the only book you are committed to
buy.

2. Thereafter, you are under no obligation
to accept any minimum number of selec-
tions within any time limit. You can take as
many or as few as you wish. And you may
resign at any time with no obligation once
you have paid for your copy of WORK-
BENCH GUIDE TO ELECTRONIC
TROUBLESHOOTING.

3. On selections you do accept, your mem-
bership entitles you to a discount from the
publisher’s price. This discount is available
to members only and provides you with
substantial savings.

4. Every four weeks we'll send you a free
mailing describing the current selection. If
you want the selection, no action is re-
quired. It will be shipped to you automati-
cally. If you don’t want it, just return the
card that is enclosed with the mailing.

5. You have at least 10 days to decide
whether or not you want the selection. Re-
turn the card so we receive it no later than
the date specified. If you don’t have 10
days to answer and receive an unwanted
selection, return it at our expense.

6. Each mailing also describes a number of
alternate or additional selections. also
available to you at the special discount
price for members.

ABOUT THE AUTHOR

Robert C. Genn is the Director of Engineer-
ing at Columbia College in Los Angeles,
and President of the Genn Technical Insti-
tute. He has been involved in the electron-
ics field for more than 20 years as a Field
Engineer, Director of Engineering and
Electronics, technician and instructor. Mr.
Genn is certified by the California Institute
of Technology to teach technicians to trou-
bleshoot, service and repair microwave
systems.

I
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I ELECTRONICS BOOK SERVICE 32'.(‘22

: Membership Enrollment Center, P.O. Box 42 2228

| West Nyack. N.Y. 10995 6699-ABI8)
1 Please enroll me in the Electronics Book Service on a trial basis. As my introductory selection under
t this trial membership. send me WORKBENCH GUIDE TO ELECTRONIC TROUBLESHOOTING.
I for only $2.09 plus shipping and handling. with tax where applicable, I am to reccive announcements
: free of charge and will be entitled to full privileges as a member—without obligation to buy any
) additional club selections.

1

: Nome -— T
: Address__ o . —_— — . — -
: City_ __ _State._ . Zip — -
L Offer limited to new members (U.S. and Canada only). Not available in Hawaii or Quebec.
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135 DIGITAL MULTIMETER

Easily
the best.

In terms of resolution and
accuracy, the Model 135
is easily the best handheld
DMM available at any
price. It's the only
handheld offering 42
digits. That gives it 10
times better resoultion
than the best 3V2-digit
DMM and provides 3 to
4 times more useable
accuracy. Resolution isn't
all you get. You get an
easy-to-use instrument that's
rugged and reliable enough
to live in the read world.
You get Keithley packaging.
Its large, crisp LCD makes it
easy to read. Rotary switches and a color-coded faceplate
make it easy to use. Once-a-year calibration and long battery
life make it easy to own. Easy to buy at $235.

Best in price, best in performance.

There is a DMM designed specifically for your application in the Keithley
line. Your Keithley distributor has instruments in stock for your
convenience. Call today for complete information and a demonstration.

Sound Choice.

New Model 128 Beeper DMM.
Audible/visual indication on all
5 functions of this 3V:-digit
DMM lets you test faster, and
the user adjustable threshold and
special diode test function make
it a sound choice. Unique
features, $139.

Bench Bargain.

Model 176, Portable Bench DMM.
Full 5-function LCD 4v:-digit
bench DMM offers 0.05% basic
DCV accuracy. Keithley ease of
use features include range and
function annunciators, 1000

hour battery life and optional

line operation. A bargain at $269.

KEITHLEY

Keithley Instruments, Inc.
28775 Aurora Road/Cleveland. Ohic 44139/(216) 248-0400
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LETTERS

continued from page 22

dollars in some cases, with not too many
takers.) For the electronics buff, two
hundred dollars or so can be chalked up
to experience and learning; for others,
the money can buy quite a bit of pay TV.

Building those decoders is time-con-
suming, and it's hard sometimes to get
the parts. I'd say that it's time to be
moving on to other things. But | doubt
that the number of private decoders
actually cperating are making even a
small dent in the pay-TV business. You
might say that in the beginning, the private
decoders aroused a lot of interest in pay-
TV and as a result, more people found
themselves subscribing to pay-TV than
building decoders. And the parts houses
did a lot of business in items like UHF
tuners.

Unfortunately, a lot of us found out that
not all UHF tuners were created equal,
and that a lot of them worked poorly—if at
all. But in the end, we knew a lot more
about electronics than we did when we
started. Personally, | laid out considerably
more than two hundred dollars, but the
money was spent for related experimen-
tation and test equipment. Often new ele-
ments were discovered, or old probiems
with equipment reaffirmed—which, by
necessity, forced improvements.

| think that the cable and pay-TV people
have a lot more to worry about with their
own industry than with some little guy
building a decoder.

M. FOX,
Manhattan Beach, CA

UHF RECEPTION

| was very much impressed with your
article, "‘How to Improve UHF Reception,’
in the July 1981 Radio-Electronics. Al-
though it does contain some misleading
information, it is .still, for the most part,
the best article on the subject that I've
seen so far.

The biggest fallacy is the listing of per-
formance characteristics using average
gain, minimum gain, and average F/B and
F/S ratios. Of the 22 UHF-ony antennas
listed, several are made to receive chan-
nels 14 - 69 only, while others are made to
receive channels 14 - 83. For those made
to receive channels, 14 - 69, a sharp drop-
off of gain is experienced at channel 69.
Therefore, the gain on channels 70 - 89
will be low or, at least in some cases, even
negative, thus lowering the average mini-
mum-gain figures. That makes those fi-
gures very misleading.

| wish that someone would do a similar
test on the top VHF-UHF antennas, to
compare Winegard CH-8200, Channel
Master 7120A, Blonder Tongue 0719, Finco
F-89-C, and Jerrold VH-937S on both
VHF-lo and VHF-hi and UHF-14-69, listing
such specifications as gain, F/B ratio, F/S
ratio, and beam width.

It's amazing how different the study-
performance figures are from those fur-
nished by the manufacturers.

GARY J. ARNOLD,
Elk Grove, CA R-E



RCA SelectaVision VideoDisc

technical service information

rRea %

SelectaVision

VideoDisc Player CED

Model
SFT100

Service Data

B Technical Manual

Mechanical and electronic functions of the Capacitance
Electronic Disc (CED) system are discussed in detail.
Numerous photographs and drawings in color are
used to clarify circuit descriptions and operation
theory.

B Technical Service Data

Complete schematics, circuit board illustrations,
chassis layout diagrams, service adjustment proce-
dures and replacement parts lists for the RCA Model
SFT100 VideoDisc Player are included in a durable
three ring looseleaf binder.

B Wworkshop Training Manual

Various Player trouble symptoms are described and
step-by-step troubleshooting procedures help the
service technician determine the most probable
causes. Service assistance is provided with flow charts,
simplified schematics and block diagrams.

nen %

SolactaVision
VideoDisc

SFT100 Player
Technical Manusl

aD
Capeciarmn Bicioni: Glea

Limited Time Combination Offer

These three books from RCA represent a complete library
of technical information on the Model SFT100 VideoDisc
Player. An overview of the CED system, mechanical and
electronic theory of operation explanations, accurate ser-
vice data and service troubleshooting procedures are all
included in the publications.

Well over 200 8'%2” X 11/ pages with hundreds of iflus-
trations in color furnish electronic technicians with an
understanding of the new and existing technologies
employed in this new consumer product.

Each publication is available separately at the prices listed
below but when you send us your order and check within
the next 30 days for all three of the books, we will ship
them at the special combination price of $29.95.

VideoDisc Technical Books Order Form - Check Appropriate Box

Special Combination Offer

Order Must be Received Within
the Next 30 Days

[ All Three of the
VideoDisc Technical
Books at the Special
Combination Price of $29.95

Total Amount of Enclosed Check

Mail Order and Check to:

RCA Technical Publications 1-450
600 N. Sherman Drive
Indianapolis, IN 46201

Individual Technical Book Order 8109RE

[0 Technical Manual @ $14.50
[0 Service Data W/Binder @ $12.50
[0 Workshop Manuat @ $9.50

rRea <%

Shipping Label for Technical Books:

Please Print

Name

Street Address

City State Zip
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EQUIPMENT REPORTS

Global Specialties
Model 4401 Frequency Standard

CIRCLE 101 ON FREE INFORMATION CARD

Global Spec. Model 4401

OVERALL,
PRICI

EASE
OF USE

INSTRUCTION
MANUAL

—— <

PRICE
AALUE
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GLOBAIL. SPECIALTIES CORPORATION (70
Fulton Terrace. New Haven. CT
06509) has mmtroduced its new model
4401 frequency standard. Whether
used for calibrating test equipment and
communications receivers. or for test-
ing amphtfiers and transmission lines.
vou'll find it a valuable addition to your
workshop. The compact unit ofters
both versatility and accuracy.

The madel 401" s timebase boasts an
accuracy of £ 0.5 parts-per-million
over & temperature range of 0-40 de-
grees Celsius. The stability is largely
due to the precision 10-MHz crystal-
oscillator oven. That oscillator is tac-
tory-calibrated against the National
Bureau of Standards’ frequency stan-
dard. WWVRB. A front-panel-mounted
LED lets the user know when the oven
has reached operating temperature and
the unit is ready for use. The manual pro-
vided with the unit ¢cliims a 3-5-minute
warm-up time. Our tests showed that
the actual warm-up time was well with-
in those limits. and that accuracy was
as good as. or better than. specified in
all cases.

The frequency desired is selected
using the FREQUENCY SELECT pushbut-
ton on the front panel. Eight trequen-
ctes from 0.1 Hz to I MHz are avail-

able—0.1 Hz. | Hz. 10 Hz. 100 Hz. |
kHz. 10 kHz. 100 kHz. and | MHz:
eight corresponding LED’s et you
know which tfrequency is in use. A FRE-
QUENCY MULTIPLIER switch lets you
multiply the selected trequency by 1. 2.
or 5. Also on the tront panel are the
POWER switch and two BNC con-
nectors for outputting either the 10-
MHz timebase or the selected frequency:
the output waveform is a squarewave
in either case. A trimmer that used to
adjust the timebase is easily accessible
through a small hole that is located in
the rear panel.

The model 44015 TTL-compatible
output is butfered to drive up to 10
TTL loads and is short-circuit protect-
cd. The output squarewave has a 20-
nanosecond rise and fall time into a 50-
ohm load. Power requirements are 105-
135 volts AC at S-watts maximum: a
215-230-volt version is also available. The
unit measures 3 X 10 x 7 inches and
weighs 2 pounds.

The instruction manual completely
describes how the model 4401 is used.
The manual also covers the units theory
of operation and includes a two-page
fold-out schematic. and some sample
applications.

Troubleshooting microprocessors is
covered quite well by the manual. In
that procedure. the unit is substituted
for the microprocessor’s regular clock
allowing a microprocessor to be stepped
through a program one step at a time.

Using the model 4401 10 test audio
amplificrs is covered, including test
set-ups. Diagnostic charts that tell you
what defects are indicated by various
waveforms are also included.

Another application described by the
manual is testing transmission lines.
The terminations of those lines as well
as their lengths can be checked using
the irequency standard. How to deter-
mine the distance from a cable-end to a
defect is also described.

If you are in the market for a fre-
quency standard. the model 4401 deé-
serves vour consideration. We think
vou'll find that the unit performs as
promised for all applications. In addi-
tion it is easy to operate and looks at-
tractive on the test bench. The model
4401 has a suggested rctail price of
S288.00 R-E

Grove Enterprises
Scanner Beam Antenna
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Grove Ent. Scanner Beam

OVERALL
PRICE

EASE
OF USE

INSTRUCTION
MANUAL

PRICE
AALUE
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WITH THE GROWTH IN THE SALES OF
scanner radios, it is not surprising that
there is considerable interest in outside
antennas. While the little whips supplied
with the radios are adequate for local
reception, it doesn’t take long for the
listener to develop a taste for bigger and
better things.

Up to now, outside antennas have
been omnidirectional. Simple ground
planes. vertical dipoles, dipote clusters.
and discones have dominated the mar-
ketplace.

But now that has changed. The first
high-gain directional beam antenna de-
signed specifically for wide-range
scanner reception has been introduced
by Grove Enterprises. manufacturer of
shortwave and VHF/UHF-listening
specialty products.

Grove's new Scanner Beam is a log-
periodic dipole array. consisting of
seven cross-phased dipole elements.
The main boom is just four feet long,

% RADIO-ELECTRONICS
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making the lightweight beam very
manageable. The beam is so lightweight
that it is possible to use the smallest
TV-type rotators.

The antenna comes fully assembled,
although it is collapsed to fit into a
sturdy shipping carton. Upon installa-
tion, it is expanded like a TV antenna
by pulling the elements away from the
boom until they lock rigidly in place.
And like a log-periodic TV antenna’s.
its elements are swept forward at a 60-
degree angle to the boom. The purpose
of that is twofold: On the half-wave
fundamental dipole frequency, gain is
slightly increased; on the three half-wave
harmonic-frequencies, the lobes of the
field pattern merge to provide better
directivity and gain.

The antenna is made much like many
consumer-grade TV-antennas. Insula-
tors are unbreakable Cycolac. The
boom is painted with enamel to resist
corrision.

Although log-periodic dipole-arrays
have a nominal 250-300 ohm feedline-
impedance. a wideband 4:1 balun
transformer (included) lets the user
match the antenna to coaxial cable.
While 75-ohm coax is best 50-ohm line
may also be used with no noticeable
difference: low-loss cable is recom-
mended. Grove Enterprises also offers
a 65-foot length of coax with connectors
and weather boot: it is available from
them for $14.95 plus $4.00 shipping.

Our lab tests

The Scanner Beam is designed for
continuous (108-512 MHz) frequency
coverage, omnidirectional low-band
(30-50 MHz) reception is claimed as
well.

In ou tests we found that maximum
gain for the Scanner Beamn centered in
the 150-170 and 400-470 MHz range.
Improvement over a dipole averaged 8
dB throughout this range. The front-to-
back ratio was 15 dB.

The lowest gain, still 3 dB better
than a dipole. was in the 110-140 MHz
aircraft band. Even in the 225-400
MH2z military aircraft band the Scanner
Beam showed 6 to 7 dB gain over a di-
pole. Average VSWR over the entire
range was 1.92:1. Hams can use the
Scanner Beam on the 144, 220, and 432
MHz bands. although input power is
limited to about ten watts by the small
balun transformer.

At low frequencies the antenna did
pick up signals quite well, probably be-
cause it represents a sizeable mass of
metal. In rotating the antenna while
listening to a steady low-band signal, a
couple of slight nulls were detected,
but the scanner beam antenna was es-
sentially omni-directional as claimed
by the manufacturer.

While the specifications looked
good. how did the antenna actually

IEM HAS FINALLY MADE ITS MOVE INTO
the personal computer market.
The IBM Personal Computer, is
scheduled to go on sale in October,
and will sell for as little as $1565.

Two versions will be available at
that price—one aimed at home
users and the other at small busi-
nesses. Both will come with 16K of
user RAM and 40K of ROM (which
will include a Microsoft BASIC
with high-resolution color graphics
and sound capabilities). A cassette
interface will be included.

The system, which uses the 16-
bit 8088 microprocessor, has
three basic components—a sys-
tem unit that contains the elec-
tronics, a video monitor, and a de-
tachable 83-key keyboard. A print-
er is also available.

Memory can be expanded with-
in the system unit to 256K. Option-
al dual 5%-inch floppy-disk drives
have a total storage capacity of
320K.

The system unit contains five
expansion slots for additional
memory and display, printer, com-
munications and game adaptors.

\ The IBM Personal Computer will

( AS WE GO TO PRESS \

=
e I §
THE NEW IBM Personal Computer.

be sold through participating
Computeriand dealers and Sears,
Roebuck and Co.'s new business
machine stores. It will also be sold
through IBM Product Centers and
a special IBM sales unit.

The computer will support the
CPM-86 and UCSD p-System disk
operating systems, which will
make a number of programming
languages and applications pro-
grams available to the user.

Applications software already
announced includes Visicalc, the
EasyWriter word processor, busi-
ness packages from Peachtree
Software, Inc. and an Adventure
game from Microsoft.

We'll have a lot more to tell you

about the IBM Personal Computer
shortly. R-EJ

American
Red Cross

Be the first

on your block
tolearn how to
save a life.

Take the
Red Cross
CPR course.

A Pwbiic Service of This Magazine & The Adverlising Counci m

Saving gas in 1968-
Our original customers
saved $ then and are
saving $%%$ today

SRRl

i J \I \V
~ 45,000

Tiger
581

Redesigned

CD ignition fits

on late model cars with
factory electronic ignitions or older
cars with points. American or foreign.

#50,000 miles between tune-ups

#Up to 15% savings on gas
#* Faster starts #Easy to install

kit $49.95 Assembled $79.95

Prevent Auto THEFT
This new undetectable system
automatically arms itself, is keyless,
and shuts down the electrical system
25 seconds after intruder starts car.

A $49.95

For information call collect 1-303-243-5200

Mastercard & Visa accepted or send check to

i =
Tri-Star Corporation

Dept. R, 730 Independent Ave.
Grand Junction, CO 81501
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Waiting for a lead synthesizer
that has it all?

Your wait
is over!

—

%&W PROTEUS I

PROGRAMMABLE PRESET
LEAD SYNTHESIZER

You've always had a lot of options.

You could have the convenience and easy operation of a nor-
malized synthesizer if you were willing to give up the ver-
satility of modular equipment.

Or the unlimited spectrum of tone colors and timbres of
modules if you didn't mind the cumbersome patch cords and
time required to set up or change a patch.

You could have programmable presets if you could raise the
bucks, or low-cost equipment if you could stand the snap-
crackie-pop.

You couid even have such technically innovative features as
computer control of voice and sequence if you had the
technical savy to design it all and make it work

Now you have another option. YOU CAN HAVE IT ALL, Wide
range, precise, low-noise, presets, meaningful patch bay and
an easy-to-use computer interface.

All at a price that's nothing but unbelievable,

Want to know more? Proteus I's Using/Assembly manual
which includes a demo tape will answer all of your questions,
The price, $10.00 is refundable upon purchase of the kit .

PART OF THE NEW GENERATION FROM

PAA Electronics, Inc.

1020 W. Wiishire , Oklahoma City, OK 73116 - {405)843-9626
CHARGE ORDER? Call our 24 hour DemoiOrder line
405-843-7396

| O Send the easy-to-assemble Proteus | Kit, $499.00
enclosed. (Freight Coltect)

] D Tell me more, Rush the Assembla//Uslng manual & demo
tape for Proteus I. ($10.00 enciosed, refundable }

[ D Send free catalog
Name:
Address:
City:

— State: Zip:

|
|
|
I |
! |
| |
l Visa_ MC Card  No. |
LPAIA Electronics, Dept. 10R 1020 W. Wlishire, Okla. City, OK 73118_
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compare with competitive non-direc-
tional scanner antennas? In virtually
every case. the gain advantage was
quite noticeable. especially at UHF fre-
quencies. Signals that were barely
readable with a conventional scanner
antenna were easily copied with the
Scanner Bean. Even on the low band.
the short-element scanner beam-an-
tenna consistently outperformed a broad-
band discone.

Conclusions

Listeners must keep in mind that most
scanners cannot handle excessively
high signal-levels without image and in-
termodulation problems. Those phan-
toms manifest themselves as repeated
signals throughout the scanner’s tuning

| Macrontronics

A4P and A8P

range. All scanners are somewhat sus-
ceptible. although of course. some are
worse than others.

Any outside antenna may aggravate
those problems. However. a directional
antenna like the Scanner Beam may be
used to advantage in some cases if it is
pointed away from the offending loud
signals.

We were impressed by the quality.
price. and performance of the Scanner
Beam. 1t has a suggested retail price of
$39.95 plus $4.00 shipping and is avail-
able from Grove Enterprises. Dept. S.
Brasstown. NC 28902. R-E

MACROTRONICS.

OVERALL

INC.

J LEADER

Instruments Corp.

Model LBO- 507

20 MHz, TRIGGERED

= Single trace, automatic tngger for
fuighly stable, bright display.

® 17 5nSec rise time. » 10mV/cm to
20V/cm Vertical Sensitivity; 11 steps.

20 MHz,

Cancelling

NTSC Color Bar Pattern

Generator R T
Model “Toll
LCG-

396

« NTSG tol

® Provides futl-held or IGW inserlion pius on-off conitgl
G mnance service
* Better checking and adjusting of purity and white balarice
iareq biue green white rasters
® Dots and sing\ ars lor convergence casler and all
requirer

.5 1 fixed) ana RF outpul lor TV and oray scale
TR equip

® Equalizing pulse ohase locked 1o Color sub-Carnier

Cali for
our prices

‘1(800)

TOLL FREE
645-9518

in N.Y. State call (516) 752-0050

scilloscopes

Model LBO-508A

® Add, subtract modes on CH-1 & CH-2
tacilitate easy checkout for simuitaneous
pulses. signal levels, distortion & noise

® 18 convergence patterns
gated and rainbow patlerns.

® 3got patrerns 2 crosshaich oatterns

® 3vertical lines and 3 horizontal nes plus

® Oscilloscope rigger outouls .l
® Baltery operated 4 slangard "C" cells, 1 SV each

‘Model LBO-515B

30 MHz, VARIABLE DELAYED
SWEEP, DUAL TRACE

® Builtin variable delay circuitry -
1uSecto 5 Sec. » 5mV/Div Verm:al
Sensitivity.

DUAL TRACE

COLOR BAR GENERATORS, BRIDGES,

Completely Portable, Battery
Operated TV Color Analyzer

Transistorized LCR Bridge

® RF.IF composie vided oulputs
#0-100". variable Coior burst for easy chroma

- 10bar gated 3var
 Highly accurale 3 igrl readout
® Measures mnuc(am’e Capacitance (C d
Resistance iR £ accuracy
 Readouls vanable with buill- it 10" averrange
Facior scale (D1
® Operaies on 1 9V ballery of through

n AC adapter

2 YEAR WARRANTY

Probes included on all scopes

Model LBO-520A

H

35 MHz,
FIXED DELAY, DUAL TRACE

= Dual trace, 35 MHz bandwidth.
= 5mV/cm Vertical Sensitivity. » 10.0 ns

TESTERS.

FM Multiplex Stereo
Generator i ;

4

J N i
o Mw_.$~

® Ghecks separaton, bajance and atgnment in
the fretd or on Ihwe ber

® 19KMz pigt .gna ZNIu:ulle

® 1xHz aud signal ™~
® Composite sierec oulput 67KMLS €A swilch
seteciabic

® Exiernal modulavon capabiry

* Sewectabie pre-emphasis

Order with Confidence and get the Fordham Advantage!

855 Conkiin St. Farmingdaie, N.Y. 11735

i = Master Charge
= BankAmericard
/= .VISA s COD
| = Money Order
* s Check
COD s extra
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(1125 N. GOLDEN
State Blvd., Suite G. Turlock, CA
95380), whose hardware and software




products for personal computers ori-
ginally served mainly the needs of the
amateur radio community. now have
something of interest to a much larger
circle of computer users.

Their model A4P and model ASP
parallel printer interfaces for the Atari
400 and 800 microcomputers fill a gap
that has been quite a source of frustra-
tion to owners of those computers. Un-
til now it has been nearly impossible
for an Atari user to generate hard copy
from his machine. The Macrotronics
interfaces remove that obstacle.

Both interfaces are similar, differing
only in the connectors supplied for the
two different Atari computers. so this
report will talk about them in the sin-
gular, based on our experience with the
model A8P, for the Atari 800. The in-
terface itself is a deceptively simple
device—a ribbon cable with a small PC
board at one end that contains the
actual interface circuitry, together with
the connectors that plug into the com-
puter. At the ribbon cable’s other end
is one of several—you indicate which
when you place your order—connectors
for various parallel ASCII printers.
(The interface is also available without
a printer-connector for specialized
applications. The manual provides all
the information necessary for making
the proper connections.)

In use, the interface-end of the cable
plugs into controller jacks 3 and 4 (in-
tended for game-playing—but if you're
interested in a printout, you’re not
playing games). on the front of the
computer, that supply it with both the
data for the printer and with its power.
Those jacks differ on the two com-
puters, hence the need for different in-
terfaces for the model 400 and the 800.

The PC board is so small that you
don’t even notice it when you're using
the keyboard. The other end of the
cable goes, of course, to the printer.

Two short machine-language printer-
driver programs are provided on cas-
sette. The first is intended to be used
directly with cassette-based systems.
The second program is for disk-based
systems, and, when the instructions in
the manual are followed. is integrated
into the Atari DOS (Disk, Operating Sys-
tem) so it will be resident in the com-
puter’s memory whenever the disk sys-
tem is used.

The cassette program is only 171
bytes long and takes about 15 seconds
to load. Once loaded, either program
can be completely ignored during nor-
mal operation. About the only thing
that will disturb them is turning the
power to the computer off —they are
unaffected by any of the special func-
tion keys such as SYSTEM RESET. BREAK,
ESC. etc.

The interface, and the driver-routines
supplied with it, work equally weil for
listings of BASIC programs. for printed

output from within a BASIC program
(as in printing out a mailing list or other
report), or for printing source listings
of machine-language programs generated
using Atari’s assembler/debugger soft-
ware.

The commands for these are as simple
as plugging in the cable: vLisT P for
BASIC listings. LPRINT to abtain out-
put while running a BASIC program.
and LIST # p: for source listings from
the assembler. In addition. the manual
provides a source listing showing the
user how to obtain printouts from
assembly-language programs.

Perhaps the most amazing thing
about this interface is thut it worked

perfectly the first time it was con-
nected—mnot all that common an oc-
currence in mating one piece of com-
puter equipment with another. The
suggested list price is $69.95, including
most common printer connectors.

One thing that the software provided
with this interface cannot do is provide
you with a “*hard copy™ record of what
1s being displayed on the screen at any
given time—but Macrotronics has also
provided for that situation and offers a
program that allows you to perform a
screen dump using a Trendcom or
Paper Tiger printer, for an additional
$69.95. If you want the whole package
at once. the price is $139.00. R-E

When you're ready for top-of-the-line
CB, Midland gives ycu the ultimate
choice. Presenting the Professionals,
a few of the best in Midland's Preci-
sion Series.

Like the 5001, -our finest 40-channel
AM/CB, offaring Midiand's human-
engineered -mike, easy-to-read S/RF/
SWR meter, L.E.D. channel indicator,
and a three-position (3/19/Normal)
Option Priority Switch.

Or choose the 7001, Midland’s deluxe
40-channel single sideband CB. It has
three separate transerission and re-
ception modes on avery channel,

Write for free, full-color bryochure showlng
our Precision Series line. Midland CB.
P.O. Box 1903, Kansas City, Missouri 54141,

A member of the Beneiicial Corporation family.

precision designed for the CB professional

along with clarifier and mike gain
control, putting you way ahead of
crowded AM "party-lines.”’

Midland's 73-600 combines the best of
both CB and AM/FM/MPX stereo/
auto-stop cassette player in a single
in-dash unit. Protessional features in-
clude CB monitor switch, full-range
tone/balance/fader controls, and a
bright L.E.D. 40-channel readout, built
right into the mike!

Every Precision Series CB by Midland
is packed with 14 special features de-
signed for the CB professional. See
them now at your Midland CB dealer.
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Archer Telephone
Recording Control

CIRCLE 104 ON FREE INFORMATION CARD

[Archer

No. 43-236

OVERALL
PRICE

EASE
OF USE

INSTRUCTION
MANUAL

PRICE
/VALUE

-

718,910

o

o

< |

=
ADVANCE s PROUD TO INTRODUCE the

(= MNzIM24 Line of High Quality Digital Multimeters
Featuring The New 130 Hand-Held DMM J

Y4

Model 131. Similar
to Model 130, with

Model 130. Our

most popular model,

Rugged DMMs from Keithley — all feature large, bright
LCD display, easy-to-use rotary switches, externally accessible
battery and fuse, 10A current range, diode test capability, low
battery indicator, cushioned components.

Model 135. First
4Y,-digit DMM with

increased the price/ perfor-s hand-held g
accuracy . . . . 5134 mance champ. . convenience . .. °219
ACCURACY SENSITIVITY
MODEL| DCV | DCA | ACV | ACA Q DCV | DCA | ACV | ACA Q
130 0.5% 1% 1% 2% 0.5% | 100pV InA 100,V 1A ] T00mQQ
@ 131 0.25% |1 0.75% 1% 2% 0.2% | 100V nA 100V | 1uA | 100mQ2
$) | 135 |0.05%| 05 1% | 1.5% | 0.2% | 1004V | 1004 | 1000V | 12A | 100me
é \_ Case $10.00 Shipping $3.00 )
5
o @ THE TEST EQUIPMENT SPECIALISTS T
3 ] ——
g TOLL FREE HOT LINE AM
: 800-223-0474
é \slwesr 45th STREET. NEW YORK. N.Y 10036 212-657-222£Ecm
30
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IN ONE SMALL. SIMPLE PACKAGE. THIS
practical little box takes all the head-
aches out of making recordings of tele-
phone conversations. The Telephone
Recording Control plugs directly into
a standard modular telephone jack,
where it both provides a suitable audio
interface to a cassette recorder’s (or
other) microphone input and provides
the suitable switching that permits
automatic starting and stopping of the
cassette recorder (through its remote-
control jack).

Everything is prepared for plug-in-
and-use simplicity. In fact, an extra set
of record/playback labels is included
for the record/playback selector switch.
The switch permits overriding the in-
ternal relay for listening to a recording
without unplugging the remote-control
connection; the extra set of labels keeps
switch operation clear for those re-
corders where the connector polarity
(versus the supply of the recorder) is
the reverse of that used by Radio
Shack machines.

In operation, the recorder may be left
on with both RECORD and PLAYBACK
buttons depressed. the Telephone Re-
cording Control POWER switch on, and
its MODE switch in the RECORD position.
Then. assuming the Telephone Record-
ing Control has been plugged into a live
modular jack and into the microphone
and remote-control connectors of the cas-
sette recorder, it will automatically con-
trol the recording of all conversations
any time the phone headset is lifted off
the hook.

Note that you may want more inti-
mate control of this feature, since the
automatic recording of a call without
the caller’s knowledge may be the
grounds for legal action; many tele-
phone companies have a requirement
included in their tariffs for a beeper-
tone alert (1500 Hz for 1/5th of a second
every 15 seconds is a typical require-
ment) whenever a recorder is attached.
Consult your local company for its ad-
vice on the subject.

The Archer Telephone Recording
Control 1s FCC-approved for direct
connection to a telephone line, and the
FCC Registration Number, ringer
equivalence, and USOC code informa-
tion provided with the unit must be re-
ported to your local telephone com-
pany. Normally, they simply record
that information on your file, but in
some cases there may be a nominal
charge. If you have questions. ask be-
fore you buy.

No batteries or power supplies are
required for use with this device, since
the operating power it needs is derived
from the telephone line voltage. In
fact, the impedance and level matching
of the voice signals are accomplished
with signal voltages alone, and line
voltages are used only for remote-con-
trol switching.



Performance

Having had experience with every-
thing from acoustic couplers to induc-
tive couplers. we were especially in-
terested in the quality of off-line re-
cording that the Telephone Recording
Control could provide. It is excellent.
Voice., music, interviews, and com-
mercials have been recorded during
both local and long distance tests; we
found extraordinary (for over-the-phone)
fidelity.

Initially, there was a problem with a
small amount of hum appearing on the
recorded signal. That was found to be
due to direct AC-line powering of the
cassette machine: switching to a DC
power-supply eliminated the hum
problem entirely.

Attempts to play back from the cas-
sette machine onto the phone line (by
connecting the microphone plug to the
recorder’s earphone jack) were less
successful: here, the age-old custom of
putting the telephone handset near the
cassette speaker is the recommended
procedure.

While we have yet to try it, it's pos-
sible that a computer program or a data
cassette might be successfully played
back through the phone using this de-
vice. You are left to your own experi-
ments here.

We keep the Telephone Recording

Control and cassette recorder at hand
near a typewriter, transcribing re-
corded material whenever convenient.
The Telephone Recording Control has
been a nerve saver and memory helper
on more than one occasion, as well as a
convenient time saver.

The 2¥2 x 2V2 X 1% inch Telephone
Recording Control is available at Radio
Shack stores (catalog number 43-236)
and sells for $24.95. R-E

continied on page 32

SERVICE

“Af this works, T'll be rich—it's an at-
tachment for a TV set that interferes
with CB radios and power tools.””

PSHEET METAL WORKERST

\ TRIOK

PRESS BRAKE
SHEAR
SLIP ROLL
®24" width
020 ga. cap mild steel
0257 Ibs.

©.050/.060" /2 hard aluminum
eall functions operate simultaneously

THE COMPLETE SHOP FORR & D

\ only 599500

S \QC\O F.O.B. Los Angeles
Buy before Dec. 1, 1981
and'receive a FREE Shear-Notcher

SHEAR-NOTCHER

NO DISTORTION — NO BURRS

econtinuous shearing 6 >
ecorner notching }
®nibbling ~ /ﬁ'%‘ 7

®tab notching
complete $5850

add $4.00 for shipping & handiing
Calf. residents add 6—6%"% sales tax

Check, Money Order, VISA or Master Card
* (include exp. date)

ORDERING INFORMATION
Telephone or write to:
c PACIFIC ONE

CORPORATION
410 W. Pacific Coast Hwy. Suite K102

‘Newport Beach, CA 92663 (714)645-5962
CIRCLE 79 ON FREE INFORMATI

BUILD YOUR COMPUTER BREADBOARDS
& INTERFACES FASTER AND EASIER
WITH NEW VECTOR PLUGBORDS

New RACK MOUNTING CAGES & ENCLOSURES AVAILABLE.

Everything in this ad is available through distributors
or factory direct, from stock, if not available locally.

748010

4610 series — for STD-BUS-
WW, solderable and
unpatterned models.

4608 series — for Intel/
National SBC/BLC 80-WW
solderable, or unpatterned.

8804 series — for S-100.
Five models available.

4607 — for DEC LSI-11/
PDP8-11, Heath-11.

4609 — for Apple I, Super-
Kim, Pet Commodore with
Expandamem.

4350 — for T1 980
Computer.

4611 series — for Motorola
Exorciser, ™ Rockwell
AIMGB5 expansion.

Send for FREE brochure!

@ Yeeelot Etectlionic Company

INCORPORATED

12460 Gladstone Ave., Sylmar, CA 91342; (213) 365-9661, TWX (910) 496-1539

CIRCLE 18 ON FREE INFORMATION CARD
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FFORDABLE
UTORANGING

DMM's

SOAR|
Poramon

From

o Full autoranging for AC/DC volts, current
and Hi/Lo Pwr. Q for fast, easy use. Touch
button diode test.

Advanced Micro-Circuit design with re-
duced parts count for long term reliability.

Heavy duty ABS plastic case with display
window cover for rugged field use.
Annunciators indicate "AC” mV, mA, ,
kQ, plus numerical value for error free
readings.

e Auto decimal, polarity and low battery
indicator.

Electronic or fuse overload protection for
all functions, just in case ...

Continuity beeper on Models ME-531 and
ME-532 for “"No-Look" circuit checkout.

10 Ampere AC/DC current ranges on ME-
531.

Operates 300 hrs on two "AA" cells.

Complete with batteries, spare fuse, test
leads, full one year ltd. warranty.

MODEL ME-533 $75.00
ME-532 85.00

* ME-531 99.50
Q
(Z) Available at selected Distributors or
E write/phone:
S NORTH %SOAR
o AMERICAN [“#/corporation
o 1126 Cornell Avenue, Cherry Hitl, NJ 08002
2 Tel (609) 488-1060
b
32 CIRCLE 62 ON FREE INFORMATION CARD
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A.W. Sperry inc. EZ-6100

OVERALL
PRICE

EASE
OF USE

INSTRUCTION
MANUAL

PRICE
/ VALUE

112|/3/4(5]6}7|8 10

S T v)”“

UNTIL RECENTLY. MOST AUTORANGING
digital DMM’s were expensive, bulky,
or both. The new odel EZ 6100 from
A. W. Sperry Instruments, Inc. (245
Marcus Blvd., Hauppauge, NY 11787)
has done much to change that. This
unit combines a compact size (6/8 X
3% X 1% inches) with many features
that, as a rule, are found only on more
expensive digital DMM’s.

Autoranging is available on both the
voltage and resistance ranges. These
ranges can also be selected manually
using the RANGE button; the milliampere
range must be selected manually using
the large FUNCTION switch that domi-
nates the front panel. The RANGE button
is also used to defeat the autorange fea-
ture. Pressing it will cause the meter to
remain on the last range used.

An overrange condition is indicated
by a flashing **1"" on the 3 Va-digit LCD
display. The display will also show
which function is in use. as well as indi-
cate polarity.

A low-power resistance function
with a maximum open-circuit voltage
of 0.4 volts can be selected by the
AC/DC/LO-OHMS/OHMS pushbutton. In
addition to determining which re-
sistance range is used, the button is
also used to choose between either AC

WWW americanradiohistorv com

LEARN

MICROPROCESSING

on your own computer!

You Learn How To: ly sossa
@0esign & code micro-

processor software .."’ » o
@ Use logic & Bit Y

Manipulation Technigues 5 ’ fl
@Enter & execute programs 3§.

0N your own computer .

@Understand Microprocessor L1 l :
Architecture & Support 3 g
Chips 8085 MICROPROCESSOR

@Control Programmable

Input/Qutput Ports
@®Implement Real-Time Interrupt Handiing & Data Transter
@Design your own microcomputer

You Will Receive:

W Afully tested and assembled 8085A Microcomputer with 1K RAM, 1K
EPROM and 1K PROM Memory, Programmable 1/0. Keyboard Unit, CPU
Card. Display and Operating System. 44 pin edge connector can be
configured to any bus structure, area on CPU Card for Custom wire-
wrap design or user defined intertace circuitry, completely expandable

W Complete Step-by-Step Instruction Manual

@ Complete User s Manuat with programs included

W 352 page 8085A Cookbook takes you from basic miciopocessor
concepls to actual design of an 80854 Miciocomputer

W 344 page 8080/8085 Sottware Design Book 1 with over 190 executable
program examples plus detailed examination of all 244 instructions
and typicai assembly language progiam for the 8080/8085
Microprocessor

TRAINING UNIT $299 95

i not y satished you may return
the product within 30 days for a full retund

RATED BEST VALUE BY INSTRUCTORS

TIMA  CREDIT CARD ORDERS ——
:’E— CALL TOLL-tREE &
RN wase: ™ 1-800-426-6254 53

YESt | want 1o start learning Microprocessors Please rush me'

B0B5AAT Microprocessor Traming Unit at $299.95 plus S3.00 P & H

8085 Cookbook 21697 $12.95 BOBO/8085 Saftware Book 21541 $9.50
OvISA OMSTCO

NAME
ADDRESS

ciTy ST 2P
CARD NO. EXP. DATE
SIGNATURE

CIRCLE 30 ON FREE INFORMATION CARD

Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

HOME

Earn Your _L
DEGREE
No commuting to class. Study at your
own pace, while continuing your present
job. Learn from easy-to-understand les-
sons, with help from your home-study
instructors whenever you need it.

In the Grantham electronics program,
you first earn your A.S.E.T. degree, and
then your B.S.E.T. These degrees are ac-
credited by the Accrediting Commission
of the National Home Study Council.

Our free bulletin gives full details of
the home-study program, the degrees
awarded, and the requirements for each
degree. Write for Bulletin R-81.

Grantham College of Engineering
2500 So. LaCienega Blvd.
Los Angeles, California 90034




or DC input.

The meter can be zeroed in the OHMS
ranges using the ZERO ADJUST pushbut-
ton. All you have to do is switch to a
resistance range. short the test leads
together, and push the ZERO ADJUST
button; the meter is automatically
zeroed. Three input jacks are located
to the right of the large FUNCTION switch.
Those jacks are VOLTS. COMMON. and
MILLI-AMPS/OHMS.

The model EZ 6100 can also be used
as an audible continuity tester in the 19-
ohms-and-below area. That feature is
selected by switching the ON/OFF/TONE
switch to the tone position (indicated
by a musical note). This function will
let you check for continuity, shorts,
etc. without having to look away from
your work. The tone will also sound
when a reading is out of range and
when the meter autoranges from one
range to the next. You may notice that
it takes a couple of seconds before the
tone sounds during autoranging. That
is because of the *‘thinking time™" that
is inherent in all autoranging DMM’s.

The model EZ 6100 will read from
200-millivolts DC to 1000-volts DC
with a resolution of from 100 micro-
volts to 1 volt depending on the range.
The meter will also read AC voltages
from 2-600 volts full-scale with resolu-

continued on page 110

"qpplc computer

(omplete Microprocessors iine. peripherals & Terminals

APPLE Il PLUS Disk 130K
48K $1215.00 controller .. 3575 00
LANG SYS SORACIQ120 . 795.00
W/PASCAL 395 00 T1-99/4 439 00
Green Monitor 174.00 Epson MX-80 call us
Leedex 100 Mon 133 00 Color Monitor .catlus
iDS 445G call us TI-810 1695 00
T1-745 1440 00
TI-55 $ 29.95 TI-59 194.00
Accessories Call us TI-55 11 39.95
TI-58C 81.00 Speak & Spell 49 95
PC100C 149.95 Tl Programmer 4795
MBA 49.95
HEWLETT-PACKARD
System | call us HP-41C Mem
System Il call us Module 26.00
HP-33C 75 00 call us
HP-34C 119 00 299.00
HP-38C 114 99 .579.00
HP-41C Prog 189 00 call us
HP-41C Printer 283 00 Application Pac call us
HP-41C CRD RDR 163 00

HP-83 HP 85 and accessory - call us tor prices

SCM TYPEWRITER SPECIALS
SCM 2200 $269 00 INTREPID $274 00
SCM 2500 285 00 CLASSIC 12 144 00
All umits shipped in original cartons with accessories according
to manutacturer's specihcaton  Send money orders. personal
check 2 weekstoclear Inllinois add 6% sales tax
Add $6 95 mimimum shipping & handling charges per unit
We ship UPS Subject to availability  Wntien warranty for
specihc products can be obtained free upon request  Above
prices are for mail order and prepaid only Prices and specifications
subject 1o change without notice  Send mail orders

. »
Habik’s, Dnc,
519 DAVIS EVANSTON ILL 60201 TEL 312-B69-6144

DON'T
FORGET

USE
YOUR
READER
SERVICE
CARD

For
faster
service

USE
ZIP
CODE

on

L
’i For name of nearest
/<) AIS formula-1 stocking
J dealer, phone free:
// @ 800/221-3333
/& In N.Y. State 212/775-1395

Formula cars and our new Model M-710
Formula-1 share an identical engineering
strategy: continually refine a proven basic
design with one objective: MAXIMUM
POSSIBLE PERFORMANCE.

e Precision-wound, water-
proof coil. Lifetime burnout
guarantee.

» Factory tuned. set-screw
ultra-fine tuning

e L onger whip for more
reach.

« Tapered stainless-stee! whip
minimizes range-robbing
wind deflection

o Anti-static whip bali-tip.

* New quarter-turn quick
disconnect life tested over
2.500 times

e Easy to install. 17" pre-
assembled cable, miniature
in-line connector, contour-
forming protective mounting
gasket. hardware for both
roof-top or trunk-lip
mounting.

e 5-year iimited warranty.

New

formula-1
Magnet |
Mount |

Now available— Model M-711
formula-1 antenna with heaviest,
toughest magnet base available.

the antenna specialists co.

‘; Stripes of Quality

a member of The Allen Group inc.

12435 Euclid Avenue. Cleveland, OH 44108
International Div.' 2200 Shames Dr.
Westbury, L.). New York 11590

Canada: A. C. Simmonds & Sons, Ltd.

all
mail

www americanradiohistorvy com

* formula-1 contributes more than just performance:

fo encourage CB for serious highway communi
cations, we re donating $1.00 to REACT Inter
national for every Formula-1 purchased in 1981

7 Jon REACT Get involved Ask your dealer.
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¥ RADIO-ELECTRONICS

At CIE, you get
clectronics
carcer

training
irom
spcecialists.

If youw’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 electronics...even earning an Associate Degree...
come to CIE —The Electronics Specialists.

Special Projects Director
Cleveland Institute of Electronies

www americanradiohistorv com



M 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
set abrokenbone, either. Would you?

For these things, you’d wanta
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 the 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.

Il 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 usc a Digital Learning Laboratory
to apply the digital theory essential
todayv to keep pace with clectronics
in the cightics.

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 a long time, think of us
as the “FCC License
School.”

We don’t mind. We have a fine

record of preparing people to take . . .

and pass. .. the government-
administered FCC License exams.
Infact, 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 itcan be a
valuable credential anytime.

Associate Degree

Now, CIE offers an Associate in
Applied Science Degrec in Electronics
Enginecring 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 you are serious
about learning electronics. . . or
building upon your present skills,
your 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
Street, Cleveland, Ohio 44114.

Pattern shown on oscilloscope screen is simulated.

Cleveland Institute of Electronics, Inc.

1 ClI

Print Name_ L
Address____

City -
State —

Age.

Cheek box for (6. 1. Bill information:

Mail today?

WWW americanradiohistorv com

Veteran

1776 East 17th Street, Cleveland, Ohio 44114

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

— Apt.

- Zip

~__Phone (area code) " —

Active Duty

RE-22
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Hitachi V202 and |

V-352 Dual Trace
Oscilloscopes

When you get exceptional capa-
bility per dollar, that’s superior
cost-performance. And that’s
the 35 MHz Hitachi V-352 and
the 20 MHz Hitachi V-202 dual
trace oscilloscopes.

Proof? Just skim these fea-
tures, then note the price. For
starters, both scopes have a 2-
year limited warranty. And
then there are features like
square CRT’s with internal
graticules, vertical sensitivity

of 1 mV/division, and a wide
dynamic range for vertical am-
plifier of 8 divisions or more.
Each scope features front panel
XY operation, 10X sweep mag-
nification, 3% vertical deflec-
tion and sweep accuracy, and
low vertical drift. For ease of
operation, functionally related
controls are grouped into 3
color-coded front panel blocks.
How do we build in all that
capability at such low cost?
Chalk it up to two decades of
oscilloscope design experience
and some of the most modern
production methods around.
Hitachi V-352 and V-202 are

CIRCLE 65 ON FREE INFORMATION CARD

stocked by your authorized
industrial distributor and ready
for fast delivery.

Ask for a demonstration and
see more performance than you
expected for less than you
thought possible.

Hitachi...

the measure of quality:
W V-202/ $850 (probes included)

B V-352/ $1150 (probes included)

HITACHI

Hitachi Denshi America.lLtd.
175 Crossways Park West
Woodbury, NY 11797

(516) 921-7200

You'll recognize the name...
appreciate the quality

WwWw americanradiohistorv com




NEW TECHNOLOGY

POCKET

TV

After many years of promises
and false hopes, flat-screen
video displays, for TV and
other purposes, are ready
to make their debut. The
technology that was de-
veloped to make them a
reality is the subject of this
article.

DANNY GOODMAN
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HE TWO-WAY WRIST-TELEVISION THAT DICK TRACY

wears everywhere has been quite a curiosity ever since it
replaced his technologically feasible two-way wrist-radio
years ago. We marvel at the TV’s small screen-size, measuring,
presumably, an inch or so square. What should amaze us,
though, is not the screen size, but that the whole unit is wrist-
watch-thin. Even today’s two-inch (diagonal) screen ‘‘pocket’”
TV’s, like the ones offered by Panasonic or Sanyo, need
several inches behind the screen to accommodate the electron
gun.

With some recent breakthroughs on several video fronts, it
now seems possible that products featuring thin video-displays
in sizes ranging from Detective Tracy’s gadget up to panels
measuring six inches on a side will be on store shelves within

the next two years. One may even be ready
by next year.

For many vyears the interest in flat

video-displays had been aimed at find-

ing a replacement for the cathode-ray

tube (CRT) in television sets. In re-

cent years, however, researchers

have found new applications

prospects, as mMiCroprocessor-

based products at every level

—factory, office, «car,

home—have become so
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“intelligent™™ that they need more
versatile outlets for their complex data.
And while the CRT is a tried-and-true
medium for alphanumerics and graphics.
it is often impractical in a number of
applications where space and power re-
quirements make it impossible to use
the high-voltage. long-necked tube. In
those cases. a flat-panel screen is
essential.

Mr. T. P. Brody, president of Panel-
vision (Pittsburgh. PA). notes about
future applications for flat video-dis-
plays. that. just as the microprocessor
gradually became more versatile and
found uses never before dreamed of.
so. too, will flat-panel displays find ap-
plications in products in a great many
unexpected areas.

We have. of course, become accus-
tomed to basic flat-panel non-video dis-
plays such as those found on LED cal-
culators or LCD digital watches.
Longer strings of characters. like the
26-character alphanumeric liquid-crys-
tal display of Radio Shack's TRS-80
Pocker Computer (Fig. 1) are also com-
mon. More sophisticated alphanumeric
displays. using less familiar technologies
(which will be discussed later) are used
in the orange dot-matrix displays of
some supermarket check-out registers.
And a new briefcase computer by
Britain's Microdata Computers Ltd. of-
fers its user a 12-line. 40 character-per
line. alphanumeric flat display for better
communication between computer and
non-technical user,

FIG. 1—LIQUID CRYSTAL DISPLAYS for alpha-
numeric use, such as the one in Radio Shack’s
TRS-80 Pocket Computer, are becoming com-
monplace. They are not suited, however, for
graphics purposes.

Even larger alphanumeric panels,
with capacities in the 2000-character
range of CRT monitors used in data-
processing systems, are currently avail-
able. The panels still cost several times
more than the CRT’s they are scheduled
to replace, but as more of the driving
electronics become integrated into high-
volume integrated circuits, that cost is
likely to fall.

LCD displays used by some hand-
held games are trying to simulate de-
tailed graphics displays, providing
more realism to the play action than the
flashing blips of red offered by LED’s.
Games like the Entex 3-D Grand Prix
(Fig. 2) and Mattel Electronics’ Conm-
puter Chess employ finely detailed

e ascmaes

FIG. 2—LCD’s CAN BE USED for graphics, as in
Entex’s 3-D Grand Prix game, but the displays
are “‘hard wired” and cannot be changed by the
user.

LCD displays for added realism, but
the images are ‘‘hard-wired”’ so that
any given display element is active for
specific images and those images only.
Shapes of the images are predetermined
at point of manufacture.

True video and graphics representa-
tions on flat panels offer special chal-
lenges. as we will see, yet there already
appears to be a need for those displays
in today’s electronic environment.
Automobile dashboards and aircraft
cockpits are areas in which detailed
video-displays of the vehicle’s operating
conditions would be useful. Portable
computer-terminals could also be more
valuable to their operators with high-
resolution displays offering the graphics
capabilities of the home or office CRT
monitor.

In educational equipment, where
graphics play a key role in learning re-
inforcement, rugged portable displays
would be quite useful. Xerox Research
Laboratories (Palo Alto, CA) has had a
handheld electronic tutor floating
around its think tank for years. Its main
ingredients—as foreseen at its very in-
ception—were high-density integrated-
circuit memories containing prepro-
grammed coursework and a flat graphics
panel. After all the years, the IC’s are
ready, but the video panel is lagging
behind.

In the television area, flat panels of
large enough size and brightness appear
to be more desirable than the cumber-
some projection-TV systems of today.
At the other end of the size scale,
portable TV is a likely target for the
small size and low power-consumption
of some flat-panel devices.

Some researchers have already begun
to show off the feasibility of small-
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screen flat television-displays for the
consumer marketplace. Convincing
demonstrations have revealed the suc-
cess of two vastly different approaches
to panel-television image-creation. The
first involves the application of sophisti-
cated solid-state techniques, while the
other is a novel variation on the electron-
gun CRT theme.

Solid-state panels

The pace has quickened in the last
two years in efforts to create a solid-
state-panel video-screen, though re-
search has been going on for at least 15
years. A solid-state panel does not use
a beam scanning-system, but rather a
concept known as matrix scanning. It
holds great promise as a video and
graphics medium not only for television
receivers, but in applications where a
pictorial display would be beneficial—
yet where space and/or power require-
ments make a CRT impractical.

A matrix display, in its most basic
form is an orderly mosaic. made up
of closely spaced columns and rows of
picture elements as shown in Fig. 3. As
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FIG. 3—AN EARLY EXAMPLE of a matrix dis-
play clearly shows the mosaic elements. Also,
note “‘contouring” at the left caused by a limited
number of gray levels.

in the case with a mosaic tile mural, the
more densely packed and smaller the
tiles, or picture elements, the better the
resolution.

The common feature of virtually all
matrix displays is the basic construc-
tion of the panel. Along the back plate
of the device run horizontal rows of
electrodes, one for each row of picture
elements. The vertical column-elec-
trodes are usually transparent, and are
fabricated on the glass faceplate of the
device. Coating both row and column
electrodes are insulating layers (again,
transparent for the column electrodes).
Sandwiched between those electrode
insulators, and electrically connected
to the electrodes, is a layer of material,
in roughly a square shape, that is ex-
cited or altered by the application of
voltage running through it when both
electrodes are powered up to change its
light-emitting or reflecting character-
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istics. Any point at which a column and
row electrode intersect is a picture ¢le-
ment (pixel). Figure 4 shows the ele-
ments of a matrix display.

The driving electronscs of such an
array must be able to send a specified
voltage to any given element of the
screen for each frame of the picture. In
the case of television images. each ele-
ment must react with a luminance pro-
portional to the voltage applied in order
to provide various shades of gray be-

tween black and white. Even when the
addressing pulse is absent (as the drivers
address other elements of the frame),
the voltage on the element must remain
constant until the next voltage pulse
reaches the element. The gray shade of
an element also needs to change very
quickly as the image on the screen
moves frame-by-frame. In other words,
the element must power up quickly,
maintain its charge, and then discharge
before the pulse of the next picture
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frame.

Within the matrix-panel development
arena, there are two distinct fields of re-
search going on—each with its own
challenges. and each with its own string
of recent successes. The first has to do
with the materials used to construct the
display; the second involves the means
of powering up. or addressing, the tens
of thousands of elements required for
an acceptable TV picture.

Panel materials

The ‘‘materials’’ question has been

going around for some time, with each
type of display system having had its
popularity go through sharp peaks and
deep valleys. The most popular sys-
tems are these:
Electroluminescence: As the name im-
plies, this method uses a voltage to
excite phosphor chemical-mixtures to
emit visible light. The principle dates
back to the 1930's, when the mixture
used was in powder form. That tended
to lose its luminance too svon to be
considered for long-life display applica-
tions. Instead. activity has focused on
what is known as thin-film electro-
luminescence. Here. a phosphor film
—commonly zinc sulphide (ZnS) doped
with manganese—is deposited on one in-
sulating laver in a method similar to semi-
conductor manufacturing (see Fig. 5).
The search is on for thin-film phosphor
mixtures which emit light of multiple
colors efficiently for full-color video.

The materials currently in use exhibit

the much-desired characteristics of fast
response-time and high peak-bright-
ness. However, their high voltage-re-
quirements (200-volts RMS) and yel-
lowish light emission are seen as draw-
backs when it comes to portable con-
sumer-video applications.
Plasma panels: Also known as gas-dis-
charge panels. these are based on the
principle that within a vacuum chamber
filled with neon or similar gases. a
series of light and dark spaces of dif-
ferent characteristics will appear be-
tween a cathode and anode at opposite
ends of the chamber. One of those light
spaces. called the positive column, or
display discharge-space. happens to be
a highly efficient ultraviolet light source
that can be used to excite phosphors to
emit visible light. By way of a complex
two-chamber system, and a transparent
display anode on the faceplate. a
phosphor-coated display chamber will
emit light when power is applied (Figs.
6 and 7). By grouping three chambers
side-by-side, each with a different-
colored light-emitting phosphor. any
color can be produced by exciting the
color chambers in the proper ratios.
Some outside observers have high
hopes for the plasma panel becoming a
replacement for the color CRT in
medium sized panels. provided the
brightness can be improved.

1861 H380L00

£-3
-



FIG. 7—EXPLODED VIEW OF PLASMA DISPLAY
shows phosphor coating lining display dis-
charge-space.

Liquid crystal displays: This is a passive
medium, in that it does not emit light. It
uses the same principles as the LCD
digital watch or calculator displays.
Ambient light normally is reflected by
the reur plate’ of an LCD. If a volt-
age is applied to a specific area, the
molecular structure of the material
changes so that light cannot pass
through it. blacking out that segment.
The effect is like a louvered blind
shutting out light at one window pane.
Removing the voltage restores the LCD
to its original structure, letting light
pass freely. While the LCD is a low-
voltage device. the major hurdle has
been to improve its response time to
better than the TV frame-rate of 33
milliseconds.

Light-emitting diodes: Currently out of
favor with most researchers, the light-
emitting diode matrix uses a compact
arrangement of LED’s fabricated di-
rectly onto a substrate, as shown in
Fig. 8. All electrode rows and columns
are located on the substrate, with anode
connections to the tips of the LED
components made with ultra-fine gold
wires, in a fashion similar to that used
in manufacturing integrated circuits.

Others: Several newer materials are
also under investigation. Two of the
more popular are passive devices, elec-
trochromic and electrophoretic. Both
represent materials that alter their light-
reflecting characteristics when a volt-
age is applied and produce a color con-
trasting against a different background
color (see Fig. 9). Numerous laboratory
oddities have also been demonstrated,
including one which conceives of micro-
scopic magnetic spheres. one hemi-
sphere white. the other black. encap-
sulated in tiny, clear cubes. The spheres
would turn freely within their cubes,
baring to the viewer white, black. or
any proportion in between, depending
on the direction and intensity of an ad-
dressing magnetic field on a picture ele-
ment containing dozens of spheres.

Matrix addressing

Following a different line of research
are those concerned with matrix-ad-
dressing techniques. The challenge
here is twofold: In the first case there is
the desire to limit the number of inter-
connections between the picture panel
and the television electronics to the
minimum. On a matrix screen with 220
row-electrodes and 240 column-elec-
trodes. for example. there can be as
many as 460 wires coming from the dis-
play matrix to be interfaced to the re-

FIG. 8—LED MATRIX DISPLAY is made up of an array of discrete LED’s fabricated on the same
substrate and connected by extremely fine-gold wire.
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Switching transistor and storage capacitor are
integrated into panel construction, then con-
cealed by a square display element (liquid crys-
tal in this example),

ceiver. In terms of reliability. this
means too many points that can fail. In
manufacturing terms, it is a nightmare
of expensive assembly.

The second part of the addressing
challenge involves energizing each ele-
ment. While it is relatively easy to
apply a voltage to any element. it is
necessary for that element to retain the
charge for a period longer than it is
initially driven. Some storage device,
and a switch to keep that device turned
on in the absence of the main voltage,
are needed at each element. Such an
arrangement is shown in Fig. 10.

[t appears that both problems of ad-
dressing are being solved with the appli-
cation of solid-state fabrication pro-
cesses directly on—or rather inside—
the panel screen.

Thin-film transistors (TFT’s) and
supportive components are being de-
posited on the substrate of display
panels at each element. Photomicro-
graphs of the panels show the familiar
layers of materials often used in inte-
grated circuits. Most of the circuitry is
covered by an insulating laver. separat-
ing electronics from the display ma-
terial, with the exception of a tiny
*‘through-hole”” for electrical contact.

Pocket LCD television

A close examination of one matrix
display demonstrated in a prototype
consumer product will help explain the
construction of a matrix video display.
The construction details outlined in
Figs. 11 and 12 are for a pocket-TV pro-
totype by Toshiba.

The screen is made up of 220 hori-
zontal rows and 240 vertical columns of
tiny liquid-crystal squares: 52,800 pic-
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ture elements in all. All are crammed
onto an area measuring 30.8 mm X 40.8
mm, producing a two-inch diagonal
black and white picture. Each picture
element has an active display area of
132 X 162 microns, with a center-to-
center spacing (also known as *‘pitch™)
of 140 X 170 microns.

Toshiba claims to have solved the
slow-response problem of LCD materials
with a proprietary formulation. The re-
sponse times reported are on the order
of 30 milliseconds. Actual broadcast
reception in the demonstration units
does not indicate any smearing of the
picture when the images move.

Toshiba attacked the problem of the
enormous number of interconnections
between the LCD matrix and the re-
ceiver electronics by incorporating the
driving electronics for the row elec-
trodes (gate-bus) directly on the same
substrate as the picture elements. Only
six connections are made to the gate-
bus drivers, which, in turn, drive the
220 rows of elements. In future genera-
tions of the device, the drain-bus driving
circuits will also be constructed on the
matrix chip.
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FIG. 13—CROSS SECTION of Toshiba LCD dis-
play element. Titanium layer provides extra-
smooth base for highly reflective gold-nickel
electrode. Liquid-crystal material is approxi-
mately 10 microns thick.
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Toshiba screen construction is that the
electronic circuitry on the substrate is
covered by two layers, as shown in Fig.
13. The first is a poly-imide coating
which provides an especially smooth
base for the second, a highly reflective
display-electrode layer made of a gold-
nickel alloy. The combination of smooth-
ness and high reflectivity sets the contrast
ratio at a respectable 20:1. Five gray
levels have been attained through volt-
age variations at each display element
and integral storage capacitors.

Three prototype matrix-display sets
have been demonstrated at consumer
electronics trade shows in Japan and
the U.S. The smallest set, measuring
6.8 X 3.2 x 0.7 inches thick. is a TV
only. with slide-rule tuning of all VHF
and UHF channels. Another sample in-
corporates an AM radio, while the third
includes an LCD digital clock in a
slightly taller package. The present
power-consumption level of 2.2 waltts is
higher than Toshiba’s production-TV
goal of about | watt. At 2.2 watts, the
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FIG. 14—TOSHIBA'S LCD TV PROTOTYPES. Smallest unit measures 6.8 x 3.2 x 0.7 inches.

Manufacturing yield is an important
factor in making this LCD screen, be-
cause the gate-bus drivers and 52.800
picture elements’ electronics are all
fabricated on a single 3-inch wafer. A
hairbreadth misalignment can affect
one element, or part of a row of ele-
ments, destroying an otherwise flaw-
less mini-image. Anyone with knowl-
edge or experience in the field of semi-
conductor manufacture knows that
vields of 60-70% are common in to-
day’s simple circuits, with that number
decreasing rapidly as the size of each
circuit increases.

As the search for larger and larger
matrix-panels goes on, and the use of
thin-film transistor circuitry expands,
high yields will be quite important, if
not crucial, to the success of those
panels.

Another important feature of the

www americanradiohistorv com

sets. shown in Fig. 14, are reported to
run for three to four hours using a pair
of lithium cells.

All three sets have a zoom feature
that doubles the size of the image at the
center of the screen at the touch of a
button.

Toshiba is not the only company in
the LCD TV race. Hitachi, Ltd. is also
demonstrating their version of a palm-
sized television set with a screen mea-
suring almost three inches diagonally.
Hitachi claims to be using a different
matrix-addressing technique  which
they call a quad-matrix. The prototype
is said to have a current drain of only
1.3 watts., and can play for four hours
on four "AA" cells.

It may be a couple of years before
any of those, or comparable sets. reach
the stores. And. their prices will be
high—around $400 for the first-genera-
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tion models. As with all heavily semi-
conductor-based products, the price
should drop rapidly as production
volumes and yields increase. Industrial
video applications may help to stimulate
the jump in volume.

Flat CRT

The other flat-screen TV system
demonstrated employs the traditional
raster scan technique, where a televi-
sion picture is “‘painted” on a picture-
tube phosphor, 525 lines (in the U.S.)
per frame, 30 frames per second. The
difference for flat video is that the elec-
tron gun is placed parallel to the screen,
instead of perpendicular to it.

The idea of having the electron beam
spew out from the side of the screen is
an old one; the first demonstrations
were made more than 25 years ago. All
along, there were numerous problems
which proved difficult to conquer.

The biggest challenge was to over-
come the distortion of the picture as the
electron-beam hit the phosphor sur-
face. A spot would appear elliptical in-
stead of circular, like the effect of a
spotlight hitting a stage from any angle
except directly overhead, and an out-
of-focus picture would result.

Difficulties also arose in making the
picture fill the entire screen—including
the corners and edges—with uniform
clarity and brightness.

Recently., word came from Britain’s
Sinclair Research Ltd. that the prob-
lems had been overcome, and that a
flat-picture tube for a battery-operated,
portable television was ready for mass
production. A prototype of the unit
shown in Fig. 15, and measuring 6 X 4
X | inches thin was demonstrated.
Pricing, when available in the U.S. in

FIG. 15—SINCLAIR RESEARCH’'S FLAT-CRT
TV. The 6 x 4 x 1-inch unit is expected to sell
in the $100 range when it is introduced in 1982.
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FIG. 16—FLAT CRT has phosphor coating on
rear instead of front. Picture is viewed through
the tube.

1982, will be in the astonishingly-low
$100 range.

The key to this paperback-sized TV
is the flat tube (Fig. 16) which uses
some unique methods to achieve the
sidelong raster scan.

The tube itself measures approxi-
mately 4 X 2 x 34 inches. Its most
unusual construction feature is that the
phosphor screen is located on the in-
side of the tube, on the rear plate. You
see the image, on the inside of the
phosphor, through the vacuum and
through the invisible scanning electron
beams, instead of on the outside of the
phosphor. One major benefit from this
system is that the picture can achieve

greater brightness with less power con-
sumption than traditionally-designed
tubes of the same size.

As the electron beam, made to scan
by a series of electrostatic deflection-
plates, speeds out of the gun, it traverses
a focusing field created by a transparent
electrode on the front face. It is this
field that corrects the angle of beam-
incidence for uniformity across the
phosphor field, rounding the potentially-
elliptical beam spot.

Special optics are also used to bring a
normal-appearing video picture to the
viewer’s eye. The screen height of the
Sinclair tube is only one-half of what
you’'d expect it to be. The smaller scan-
ning area that results reduces both
power consumption and the potential
for distortion involved in sending the
electron beam far off the axis of the
gun. Proper proportion of the picture is
restored by way of a Fresnel lens in-
corporated into the plastic faceplate of
the exterior case.

Another unusual technique used to
reduce the number of wire interconnec-
tions, which would otherwise slow
manufacture and lessen reliability is
screen-printing all connections to the
gun and deflection/focusing electrodes
onto the glass front-plate of the tube.

Sinclair speculates that the concept
of this pocket-sized tube can be up-
graded in scale to the point where a 50-
inch wall-mounted TV will be possible,
with all the electronics concealed in a
*‘shoe-box-sized unit’’ at its side. Color
TV, using a 3-gun array, is also con-
sidered possible.

Now, though, we have to wonder:
Since the small flat TV panel is just
about upon us, what new gadget will
Dick Tracy get for his wrist? R-E

What's News

Exposure to microwaves

The New York State Worker's Compen-
sation board recently upheld a decision
that the death of Samuel Yannon, tele-
phone technician, was caused by pro-
longed exposure to microwaves. Mr. Yan-
non tuned and maintained microwave
equipment that is located on the 87th
floor of the Empire State Building from
1957 through 1968.

This appears to be the first case in
which the dangers of microwaves have
been accepted in a United States court;
the decision is being appealed. One expert
who testified against the Yannon ciaim
went so far as to state: “There is no evi-
dence of human hazards other than
superficial burning at such frequencies...”

‘In Europe, microwaves are taken much
more seriously, and hundreds of cases of
microwave sickness have already been
reported. The permitted level of micro-
wave exposure in the Soviet Union, for
example, is only one thousandth of that
which is currently permitted in the United
States under Federal guidelines.

The case is attracting a great deal of

attention both among manufacturers of
electronic equipment, who might be
faced with large claims for damages, and
environmental workers, who have been
pointing out the hazards of electronic
radiation for some years. “The Yannon
case is the most important piece of litiga-
tion since the Borel case in 1973 exposed
the dangers of asbestos,” says Paul Bro-
deur, author of The Zapping of America, a
1977 book on the growing exposure of
Americans to electromagnetic radiation.

RCA large-screen projection TV

An early entry into the projection-TV
business was forecast at a meeting of
RCA distributors in Dallas late last year.
RCA’s plans include a 50-inch diagonal
screen model—which will have about
four times more screen area than the 25-
inch picture of RCA's largest direct-view
receiver. The size of the new projection-
set picture is 1,176 square inches as com-
pared to the 315 square inches of the
present 25-inch receiver.
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RCA is not really a newcomer in the
projection-set field. Following the intro-
duction of the company's first mass-pro-
duction set in 1946—a 10-inch mode! that
sold for $375—it brought out a series of
projection receivers. The first of those—
made in 1947—had a 300 square-inch pic-
ture and sold for $1200.

CBS high-resolution TV
prototype

Columbia Broadcasting System re-
cently demonstrated a new high-resolution
television system with a 1,125-line signal.
Transmission was in the 12-GHz band,
with a bandwidth of 30 MHz. CBS was
quick to point out that the system, which
was largely developed by NHK, the Japan
Broadcasting Corp., is in the early ex-
perimental stage and that all details are
subject to change at any time.

CBS has requested that the FCC consider
the feasibility of a service based on the
system when planning spectrum space in
the forthcoming allocations slated for
1983. R-E
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P ; rt 2 IN SEPTEMBER WE
a described an analog
reverberation unit that adds realism to
recorded music. Have that issue handy
as we continue by showing you how to
build your own.

Construction

Foil patterns for the double-sided PC
board are shown in Figs. 8 and 9. Note
that the component-side of the board is
laid out so that. when trimmed. it will
be divided into two electrically-isolated
sections. Almost all of the reverberation
unit's components are mounted on the
PC board (refer to Fig. 10). The board
is double-sided, so unless it is plated-
through, care must be taken to connect
the two sides using jumpers where the
foil patterns on both sides of the board
coincide. Generally, components (in-
cluding integrated circuits) that connect
to the ground plane should be inserted
first and soldered to minimize static-
electricity problems—especially if you
are not using sockets. Do not install
LED I—you’ll need it to check out the
unit. Note that connections to the off-

*Signetics Corp.. Sunnyvale. CA

o
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FIG 8—FOIL PATTERN for the bottom side of the PC board. Note that the PC board is double sided

(see Fig. 9).

board components (front panel con-
trols, input jacks, etc.) are made to the
pads labeled “*A’" through U, cor-
responding to similarly labeled points in
the schematic.

The front-panel controls should be
connected to the board before they are
mounted mechanically. The AC ground
(point **E”’) is common to the INPUT
LEVEL. OUTPUT LEVEL. and REVERB
controls; wiring one end of each of those
pots together and then wiring to point
“E"" on the PC board is the simplest

ANALOG REWV

way to make that connection. The wires
from the controls to the PC board
should be about 8 inches long.

Care must be taken to isolate the out-
put jack from the chassis (AC ground).
The easiest way to do that is to put an
insulating layer of electrical tape or
Mylar film over the chassis hole (from
the inside), and cut a similar, but slight-
ly smaller, hole through the tape or
film. If that is done, the jack will not
come in electrical contact with the
chassis when it is installed.

FOR YOUR Hi-

Duplicate the acoustics of a large
concert hall with this accessory for your stereo system. The
construction details are presented here.

www americanradiohistorv com
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The jumper from “T"" to ““U” rmust
be left disconnected during checkout
to reduce the chance of damaging the
output stage. Also, R57, which sets the
bias current in the output stage, should
be set at its minimum value (i.e., D8
shorted to the base of Q5). The check-

out procedure is as follows:

1. Using an ohmmeter, make
sure that all sections of the
ground plane (on the com-
ponent side of the board),
except for the one that runs to
the right-hand edge of the
board, are connected together.
(That section is Vgg; the others
are AC ground).

2. Plug the unitin, and turnit on.
Using a voltmeter, read the
voltages between the trans-
former’s center tap (Vgg) and
the cathode of D1 and the
cathode of D3. In both cases
the voltage should be 25-volts
DC.

3. Referring to voltmeter read-
ings to Vg, check the positive
voltage on pin 8 of each op-
amp (IC1, IC2, IC6, IC7, and
IC9). It should be about 18
volts. The voltage at the ground
plane on the left-hand side of
the board should be about 10
volts.

4. With the LEVEL and OUTPUT LEVEL
controls set at their minimum
values, and the DELAY and FEED-
BACK DELAY controis set at 50%
of full scale, the output (pins 1
and 7) of alt op-amps should
be about 10 volts.

5. Check the clock pulses at the
outputs of the CMOS D flip-
flops (IC11-a and IC11-b). The
DC reading should be about 9
volts at those points; the AC
reading should be 5-10 volts,
depending on the type of met-
er used.

6. To adjust the bias current in
the output stage, temporarily
connect LED 1 from point “T"
to V¢c. Current flowing through
Q1 and Q2 (also Q3 and Q4)
will now flow through the LED.
(If you wish, an ammeter can
be connected between point
‘T and Vcand used in place
of the LED for this checkout
procedure.) Adjusting R3 will
cause Q1 and Q2 to conduct
and LED1 to glow. Since dis-
tortion is reduced with increas-
ing current leyel, it is desirable
to keep the bias current rea-
sonably high; however, if the
current is too high, reliability
will be reduced. Carefully
touch the power FET's (Q1-
Q4) and adjust R57 until LED1
glows brightly but the FET's
do not get hot. You should
read about 15 mA if you're
using an ammeter. After the
bias current has been set,
LED1 should be installed be-
tween R77 and pojnt V and a
jumper placed between points
“T" and “U.”

RADIO-ELECTRONICS
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FIG. 3—COMPONENT (TOP) SIDE of the double-sided PC board. This pattern is NOT a negative—
there is no foil around many of the holes so the component leads can pass through the board with-

out contacting the ground plane.

Once you’ve completed the checkout
procedure and are sure that everything
is correct, the PC board, potentiometers,
transformer, and jacks should be
mounted securely in the case. The PC
board should be mounted on standofTs.
The case used, and its layout, are not
critical as long as everything fits com-
fortably (the case shown in Fig. 11 is
included with the kit available from the
supplier listed in the Parts List).

Setup

The reverberation system is con-
nected to your stereo system using the
stereo’s tape-monitor output. The out-
put of the delay unit can be connected
to a high-efficiency speaker. That
speaker is generally placed at the rear
of the listening room. Set up that way,
the analog reverberation system can
simulate the sound reflected from the
rear of a concert hall.

Use of the controls on the front
panel is reasonably straightforward.
The INPUT LEVEL control adjusts the
sensitivity of the unit for maximum
dynamic range. With the OUTPUT LEVEL
control set so that the output level is
low (to avoid overloading the amplifier),
the INPUT LEVEL control is set so that
the level is as high as possible without
overloading on loud passages. Initially,
the REVERB control should be kept at its
minimum position. The DELAY control
is adjusted for the desired (first-arrival)
delay; this is best done with your system
playing at a low level so that both out-
puts can be heard at the same time. The
FEEDBACK DELAY control is not likely
to have a dramatic effect on the sound
quality. While that control’s presence
in the circuit breaks up the ‘‘standing-
wave’’ effect, its precise setting is un-
important. Adjust the FEEDBACK DELAY
control for minimum noise. (The pres-
ence of two clock-signals causes a
limited amount of intermodulation,
heard as whistles and tweets. They are

wwWw americanradiohistorv com

eliminated by adjusting the FEEDBACK
DELAY control).

The degree of reverberation is ad-
justed with the REVERB control. There
is a definite threshold where audible
reverberation begins. Beyond that
point, the reverberation becomes both
more pronounced and more artificial;
the system will actually oscillate if the
REVERB control is turned up too high.
Even before oscillation occurs, there is
an increase in the peak signal-level that
may force you to turn down the INPUT
LEVEL control.

The most difficult adjustment to
make is setting the OUTPUT LEVEL con-
trol. There is a strong temptation to
make the delayed signal too loud. Bear
in mind that the more subtle the effect
of the reverb, the more impressive it
will be! That seeming contradiction is
something one usually learns the hard
way; perhaps this advice will help.

Speaker selection

The choice of a rear speaker is im-
portant if the system is to work prop-
erly. The delayed channel does not
have as wide a bandwidth as the front
channel, so a wide, flat, powerful high-
frequency driver is unnecessary. With
about one watt of power available, ef-
ficiency is far more important than
power-handling capability.

Looking at some of the ‘‘mini-
speakers’ that are currently on the
market can help us understand the
reverberation system’s speaker re-
quirements. Those small, acoustic-
suspension, two-way systems have two
notable features: most have excellent
high-frequency response, and all are
inefficient. Their lack of efficiency pre-
vents them from playing loudly, but
their output is more than adequate for
most purposes. The high-frequency re-
sponse is, if anything, a point against
that type of unit. The high frequencies
do not help the reverberation system
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PARTS LIST

Resistors % watt, 5%, unless other-
wise noted

R1, R2, R8, R20, R22, R24, R39, R40,
R47, R73, R74—100,000 ohms

R3, R45—200,000.0hms

R4—39,000 ohms

R5, R44—5000 ohms, potentiometer,
audio taper

R6, R7, R11, R12, R14-R16, R18, R25,
R31-R36, R38—18,000 ohms

R9, R17, R30, R43—30,000 ohms

R10—100,000 ohms, potentiometer,
linear taper

R13—5600 ohms

R19, R21, R23, R41, R48—47,000 ohms

R26—24,000 ohms

R27—75,000 ohms

R28—27,000 ohms

R29, R60, R62—15,000 ohms

R37—22,000 ohms

R42, R58, R65, R69, R72, R77—3000
ohms

R46—2000 ohms

R49—100 ohms

R50—43,000 ohms

R51—620,000 ohms

R52—180,000 ohms

R53--360,000 ohms

R54—62,000 ohms

R55—470,000 ohms

R56—5000 ohms

R57—5000 ohms, trimmer potentiometer

R59—20,000 ohms

R61, R63—910 ohms

R64, R66—20,000 ohms, potentio-
meter, linear taper

R67, R75—200 ohms

R68, R70—300 ohms

R71—7500 ohms

R76—10 ohms

Capacitors

C1, C2, C9-C11, C20—.22 uF, 100 VDC,
Mylar

C3-C8, C12-C19, C21, C23, C24, C26—
.001 uF, polystyrene

C22—.01 uF, polystyrene

C25, C27, C31, C34—4.7 uF, 16 VDC,
electrolytic

C28, C37-C44—.1 uF, ceramic disc

C29, C35—2,200 uF, 25 VDC, electro-
lytic

C30—1000 uF, 25 VDC, electrolytic

C32, C33—510 pF, ceramic disc

C36—.01 uF, 400 VDC, electrolytic

Semiconductors

D1-D4—1N4002, 100 PIV, 1 amp

D5-D12—1N914

LED1—jumbo red LED

Q1-Q4—VN46QF VMOS
(Siliconix)

Q5-Q8—2N4403 PNP transistor

IC1, IC2, IC6, IC7—NES5S512 low-noise
dual op-amp (Signetics)

IC3-1C5, IC8—TDA1022, 512-stage
bucket-brigade device (Philips)

IC9—NES5532 low-noise dual op-amp
(Signetics)

IC10—NES56-1 dual timer (Signetics)

IC11—CD4013 dual D flip-tlop (RCA)

IC12—uA78MG  adjustable voltage
regulator (Fairchild)

IC13—NES5517 TCA (Signetics)

L1—10 turns of No. 22 wire wound
around C35

T1—36 VCT, 300 mA

Miscellaneous: PC board (double-
sided with plated-through holes),
case, hardware, etc.

transistor

NOTE: The following are available
from Advanced Analog Systems, Inc.,
790 Lucerne Dr., Sunnyvale, CA 94086
(Tel. 408-730-9786): ARS-911—com-
plete kit including case, $149.95; PC-
911—PC board only, $24.00; IC-911—
IC1-1C13 and Q1-Q8 only $49.95. Visa
and Mastercard welcome. California
residents please add sales tax. Prices
include shipping (within continental
U.S. only).

wwWw americanradiohistorv com
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FIG. 11—THE COMPLETED REVERB unit. En-
closure shown is included with kit available
from supplier listed in Parts List.

recreate the feeling of a large hall, but
instead make any system-noise or dis-
tortion much more obvious. We found
that disconnecting the tweeter and
operating the woofer over the full range
gave impressive performance.

Generally, a single full-range speaker
is adequate for the reverberation system.
Better still, an array of speakers will
help improve the “‘spaciousness’ of
the reverberation. As long as there are
no gross frequency-response irregulari-
ties, the characteristics of most speak-
ers are generally no worse than the
frequency-response variations found in
actual concert halls. Those variations
are caused by the resonances of the
reflecting walls and ceilings in the hall,
and the frequency-dependent sound-
absorption properties of those walls
and ceilings.

One major problem that you may
have initially is amplifier-overload. It’s
rather obvious that you won’t get rock-

contintted on page 95
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Now that you've built the
antenna, vou have to set it
up and aim it in the right
direction. This month we’ll
show you everything vou
need to know to compiete
the project.

BY H. D. McCULLCOUGH

P BEFORE INSTALLING
a rt 3 the 8-Ball. you need
to know where the saiellites that you're
interested in are located relative to
where you live. That information is

needed to position the antenna properly.

Positioning th2 antenna

Using the graphs ir. Figs. 23 and 24,
and Table 2, vou can determine the
elevation and azimuth from any loca-
tion to any sateliite. To use the graphs,
you must know your longitude and lati-
tude, and the longitude of the satellite.
Table 2 shows the positions of the satel-
lites in the Clark belt.

After determining the look-angles
(elevation and azimuth) to the satel-
lite(s) desired, vou must set the base
pads for the necessary azimuth heading.
Figure 25 shows how the pads are posi-
tioned. and Table I (p. 62. Sept. issue)
gives the front-to-back and side-10-side
dimensions. Pour concrete piers or
pads | foot square and 2 feet deep
(more m loose sail). Set 10-inchk long.
Y2-inch anchor bolts to project 2-3
inches above the surface. (Note that
the rear pads are spread farther apart
than the front ones. The front pads are
5 feet. 8 inches apart: the rear ones
from 7 feet, 4 inches to 8 feet. 2 inches.)
Figure 26 shows how the antenna is

anchored on the pads.

If you are primarily interested in re-
ceiving signals from one satellite, then
face the antenna foward the azimuth
heading of that “*bird’’ and, for eleva-
tion look-angles of 30 degrees or less.
tilt the antenna back from the vertical
an amount equal to /ialf the elevation
look-angle of that satellite. The focal
point (and the horn/LNA location) will
be 6-feet high and directly in front of
the dish. (Refer to Fig. 4-a in **How the
8-Ball Got Its Shape'. P. 61 in the
September issue)

For elevation look-angles greater

TABLE 2
Lacation
(Degrees West)

Satellite Longitude
Comstar i 87
Westar (Il 91
Comstar Il 95
Westar | 99
Anik | 104
Anik B 109
Anik 1l 114
Satcom i 119

Westar || 123.5

Comstar | 128
Satcom | 135

www americanradiohistorv. com

than 30 degrees, tilt the antenna back 13
degrees less than the look-angle. (See
Figs. 4-b and 4-c of ‘*How the 8-Ball
Got Its Shape’ as mentioned above.)
Figure 27 shows how the antenna’s tilt
angle can be checked using an in-
clinometer. The inclinometer is made
using a protractor, string, and plumb-
bob.

Once the reflector is positioned fairly
close tc the desired azimuth and eleva-
tion settings. find the satellite by point-
ing the feed homn directly toward the
<enter of the dish. and then moving the
hom up and down and side-to-side
around the point where the focal point
should be. The best focus (and best pic-
ture) will be about 15 feet from the cen-
ter of the dish. That assumes that you
have an LNA, receiver (down-con-
verter), and TV set all properly con-
rected. Place the TV set where you can
see it while positioning the antenna
feed horn.

If you want to receive more than one
satellite, position the reflector midway
btetween the azimuth headings and
elevation look-angles of the two satel-
lites that are farthest apart. Just be sure
to be within 15 degrees of the bore-sight
direction of the satellite vou are
primarily interested in.

See Fig. 28 for the focus-point loca-
tions for seven satellites. The heading
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FIG. 23—ELEVATION ANGLE of the satellite can be determined easily by
using this chart. Find the difference in longitude between the sateilite
and your location on one axis, and your location’s latitude on the other.

The point of intersection falls on a curve showing elevation angle.”

(azimuth) given (220 degrees) is only
accurate for one location—northern
Arkansas—but the relative positions of
the focus points (Fig. 28-a) will be the
same anywhere.

The elevation look-angle will be
largest for a satellite that is due south of
your location. Notice that the greater
the elevation angle, the lower the focus
point will be for any specific angle you
have tilted back the dish. The satellites
used in the example in Fig. 28 are all
west of due south and the most westerly
satellite (Satcom 1) gives the highest
focus point. Notice also that to receive
all seven satellites with maximum ef-
ficiency, the dish has to be tilted back
enough to accommodate the satellite
with the highest look-angle (30-degree
tilt in this example to match Anik I
which has a look-angle of 45 degrees).
That results in the focus point for Sat-
com 1 (the lowest look-angle) being
rather high off the ground.

For that reason, and the fact that our
experiments required moving the LNA/
feed horn around, the test antenna was
oriented more toward Satcom I, with
signals still received with good efficiency
from Comstar I, Westar II and Satcom
[I. The signals from the Anik were

*Figures 23 and 24 are reprinted through the
courtesy of CATJ. They originally appeared in
the November 1978 issue of that publication.
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; REAR PADS
£ i

/::

DEGREES

FRONT PADS SEETABLE 1

FIG. 25—MOUNTING PADS ARE POSITIONED
according to the azimuth heading of the satel-
lite you want. Here, the azimuth is 220 degrees,
suitable for receiving satellites with azimuths
from 205 to 235 degrees.

[ &l

FIG. 26—CONCRETE BASE PADS support and
anchor the four corners of the antenna. Anchor
bolts and “J” clips secure the antenna to the
pads.
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FIG. 24—AZIMUTH ANGLE is determined from this chart. The azimuth
angles of 179 degrees and less are for satellites east of your location;
angles of 181 degrees and up are for satellites west of you."

tor, string, and plumb-bob) used to check the
tilt angle of the antenna. With the protractor
against a vertical rib, read the angle where the
string crosses the scale.

watchable, but not “‘clean.”” The prob-
lem of high off-the-ground focus points
does not exist in the far Northern lati-
tudes, where elevation look-angles are
low for ALL satellites.

A feed horn is available from the sup-
plier listed. If you decide to build your
own, see Fig. 29 for the dimensions of
the horn that gives the best results of all
that we've tried. Ordinary galvanized
sheet metal seems to work fine. Brass
or silver may be better. but probably
not much.

1861 4380100
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FIG. 28—HOW FOCUS POINTS ARE LOCATED:
A top view of the antenna (a) shows the relative
locations of the focus points for seven satel-
lites. The side-view (b) shows the vertical posi-
tion of the LNA horn for satellites.

A simple and inexpensive way to
mount the LNA/feed horn is shown in
Fig. 30. Attach the horn to the LNA
and slip it inside a piece of 5-inch plastic
pipe. 10 inches long. Secure it with any
small brackets and spacers. Slip the 5-
inch pipe inside a piece of 6-inch pipe,
12 inches long. Place soft spacers or
pads between the pipes so that the in-
side pipe will rotate, but with enough
friction to hold it in place. The assembly
can be mounted on a board, with a
motor attached to rotate the LNA for
polarity selection.

Final alignment

After the antenna is in place on the
base pads, you should adjust it for a
precise curve. A simple way to do that
is to tie a radius wire to a point 30 feet
directly in front of the center of the
dish, then check the antenna surface
near each adjustment bolt and adjust so
that every part of the dish is 30 feet
from the radius point.

A radius wire with a spring-loaded
end is best for this. The spring-loaded

6-3/4" +

ﬂl‘{ﬁ -l..___: -'a - g

SMALL END 1S
1-6/32" X 2-6/16"

FIG. 30—THE LNA/FEED-HORN ASSEMBLY
can be mounted inside a length of PVC pipe as
shown here.

- F "";

L S

FIG. 31—RADIUS WIRE, 30 feet long, is used to check the reflector's

ground, it may be necessary to tilt the
antenna forward. If you do that, be sure
to raise the two rear legs by the exact
same amount so you don’t warp the
antenna. Also. if you tilt the antenna to
a near-vertical position, tie it down
temporarily to prevent it from being
blown over during the adjustment.
The radius point can be located by
trial and error. First attach one end of
the radius wire to a point about 30 feet
(the exact distance is not critical as long
as it is close) directly in front of the
center of the dish—or as near the cen-
ter as you can tell by looking. Then
with the spring end. check across the

curvature. Adjustment bolts are

set so that all points on the surface are exactly the same distance from the radius point.

end is fairly easy to make. The prod is
simply a piece of coat-hanger wire.
about 15 inches long. with a loop at one
end. The actual length of the prod is not
critical as long as you remember that
the total length of the radius wire and
the prod should be approximately 30
feet. Slip a moderately-stiff spring over
the hanger-wire prod and attach the
spring and the radius wire to the loop as
shown in Fig. 31. The spring makes it
easier to hold a constant tension on the
wire throughout the adjustment pro-
cedure: simply stretch the spring the
same amount for each adjustment. A
piece of tape can be stuck to the prod
and used as a reference point as shown
in Fig. 31.

To keep the spot where the radius
point is tied from being too high off the

v

2-1/4"

T

middle of the dish surface left to right to
see if one side is closer to the radius
point than the other. Move the radius
point to the left or right as necessary to
get the best “*fit”" across the dish. Re-
peat that procedure going from top to
bottom. adjusting the radius point up or
down for the best ““fit.””

Once the radius point is set, move each
adjustment bolt in or out where the bolt
goes through the frame so that the prod
on the end of the radius wire just
touches the screen when the spring is
stretched to where it just touches the
piece of tape on the prod.

It is important to take your time and do
this right. With two people. you should
be able to set the surface to within
1/16-inch in 30 minutes or so. If you have
the dish tilted forward when you com-
plete the adjustments. carefully lower it
back in place and sight across the edge
of the dish to make sure there is no
twist in the surface. If necessary. put a
shim under a rear leg.

Probably the easiest way to get the

RADIO-ELECTRONICS

8 f g reflector surface out of “‘true’” and lose
FIG. 29—FEED-HORN DIMENSIONS, Use these to build your own horn from sheet metal or a simlar the effectiveness Of_ the antenna is to
material. continued on page 110
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BUYER’S
GUIDE TO
HOME COMPUTERS

What You Should Know Before You Buy

OCTCBER 1581

e What to look for

* Floppy disks and
versatility

e All about printers

e Modems — computing
via telephone

e Setting up a system

This special section
written by Scott Parker
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TWELVE STRONG

HEATH/ZENITH YOUR

Pick a strong partner

A computer purchase is the beginning of a long term
partnership between you and the people you buy from.
Your ongoing need for software and accessories re-
quires a partner who will stand by you with a growing
line of products. And nowhere will you find a more com-
plete line of hardware, software and accessories than
atyour Heathkit Electronic Center. Here are twelve
strong reasons to make Heath/Zenith your partner.

1. The All-In-One Computer

The heart of the Heath/Zenith line is the stand-alone
89 Computer. It's a complete system with built-in 5v4-inch
floppy disk drive, professional keyboard and keypad,
smart video terminal, two Z80 microprocessors, and
two RS-232C serial I/O ports. It comes with 16K RAM,
expandable to 64K.

2. Peripherals

These include the popular Heath/Zenith
: L 19 Smart Video Terminal, loaded with
i professional features. And the 74 Line
Printer, priced as low as $495. Other
printer brands are on display,

including high-
speed, typewriter-ﬁ .L
quality printers. —
_— -

3. Software

Word processing, includes reliable, easy-to-use
Zenith Electronic Typing and powerful, full-featured
WORDSTAR.

Small Business Programs, feature General Ledgerand
Inventory Control.

HUG, Heath Users’ Group, offers members a library of
over 500 low-cost programs for home, work or play.

4. Programming Languages

For your own custom programs,
Microsoft languages are
available in BASIC (compiler
and interpreter), FORTRAN
and COBOL.

5. Operating Systems

Three versatile systems give you the capability to per-
form your specific tasks.

CP/M by Digital Research makes your system com-
patible with thousands of popular CP/M programs.
UCSD P-System with Pascal is a complete program
development and execution environment.

HDOS, Heath Disk Operating System gives you a
sophisticated, flexible environment for program
construction, storage and editing.

6. Utility Software

Expand the performance range of your computer with
a broad selection of utility tools, including the best of
Digital Research and the complete line of innovative
Softstuff products.

iy '
megabytes of storage to your . !

89 Computer. Diskettes are

standard IBM 3740 format, double-sided,
double-density.
The 5Ya-inch 87 Dual Disk System adds
200K bytes of storage to your89. Both

disk systems feature read/write protec-
tion and easy plug-in adaptability.

7. Disk Systems

The 8-inch Heath/Zenith 47
Dual Disk System adds over 2

8. Self-Study Courses

Learn at yourown pace
with Programming
Courses that teach you
to write and run your own
programs in Assembly,
BASIC, Pascal or
COBOL.

A course on Computer Concepts
for Small Business gives you

the understanding to eval-

uate the ways a computer

can benefit your business.

Personal Computing is a
complete introduction to
the fundamentals for the
novice. Every Heathkit/
Zenith course is pro-
fessionally designed

for easy, step-by-
step learning.

A\

All Heath/Zenith
Computer Products

are available completely
assembled and tested for
commercial use. Or in easy-
to-build, money-saving kits.
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REASONS TO MAKE

COMPUTER PARTNER

Visit Your Heathkit Electronic Center*
where Heath/Zenith Products are displayed, sold and serviced.

9. Expansion Options

Communicate with the outside world through a Three-
port EIA RS-232C Serial Interface.

Expand RAM to 64K with easy-to-install expansion
chips.

10. Accessories

Your Heathkit Electronic Center has the

.. latestin modems, black-and-white and

=" color video monitors, computer furniture
and a full line of supplies, accessories, books

and parts.

11. Service

No one stands by you like Heath/Zenith.
We help you get your system up and
running smoothly. Service is avail-
able from trained technicians,

over the phone or at one of 56
Heathkit Electronic Centers.

12. Value

Your money buys you more because
Heath/Zenith prices are among the industry’s most
competitive. Make your own comparison and find out
how much you can save.
Complete, integrated computer hardware and soft-
ware, designed to serve you and to grow with you
-that's what to look for in a strong partner. And
with Heath/Zenith you get it all under
one roof.

All at your
Heathkit Electronic
Center

Pick the store nearest you
from the list at right. And
stop in today for a demon-
stration of the Heath/Zenith
89 Computer System. If you
can't get to a store, send
$1.00 for the latest Heathkit®
Catalog and the new Zenith
Data Systems Catalog of
assembled commercial
computers. Write to

Heath Co., Dept. 020-824,
Benton Harbor, MI 43022.

HEATH/ZENITH

PHOENIX, AZ
2727 W. Indian School Rd.
602-279-6247

ANAHEIM, CA
330 E. Ball Rd.
714-776-9420

CAMPBELL, CA
2350 S. Bascom Ave.
408-377-8920

EL CERRITO, CA
6000 Potrero Ave.
415-236-8870

LA MESA, CA
8363 Center Dr.
714-461-0110

LOS ANGELES, CA
2309 S. Flower St.
213-749-0261

POMONA, CA
1555 N. Orange Grove Ave.
714-623-3543

REDWOOD CITY, CA
2001 Middlefield Rd.
415-365-8155

SACRAMENTO, CA
1860 Fulton Ave.
916-486-1575

WOODLAND HILLS, CA
22504 Ventura Bivd.
213-883-0531

DENVER, CO
5940 W. 38th Ave.
303-422-3408

AVON, CT

395 W. Main St. (Rt. 44)
203-678-0323
HIALEAH, FL

4705 W. 16th Ave.
305-823-2280
PLANTATION, FL

7173 W. Broward Blvd.
305-791-7300

TAMPA, FL

4019 W. Hillsborough Ave.
813-886-2541
ATLANTA, GA

5285 Roswell Rd.
404-252-4341
CHICAGO, IL

3462-66 W. Devon Ave.
312-583-3920
DOWNERS GROVE, IL
224 Ogden Ave.
312-852-1304
INDIANAPOLIS, IN
2112 E. 62nd St.
317-257-4321

MISSION, KS
5960 Lamar Ave.
913-362-4486
LOUISVILLE, KY
12401 Shelbyville Rd.
502-245-7811
KENNER, LA

1900 Veterans
Memorial Hwy.
504-467-6321
BALTIMORE, MD
1713 E. Joppa Rd.
301-661-4446
ROCKVILLE, MD
5542 Nicholson Lane
301-881-5420
PEABODY, MA

242 Andover St.
617-531-9330
WELLESLEY, MA
165 Worcester Ave.
617-237-1510
DETROIT, MI

18645 W. Eight Mile Rd.

313-535-6480

E. DETROIT, MI
18149 E. Eight Mile Rd.
313-772-0416

HOPKINS, MN
101 Shady Oak Rd
612-938-6371

ST. PAUL, MN
1645 White Bear Ave.
612-778-1211

BRIDGETON, MO
3794 McKelvey Rd.
314-291-1850
OMAHA, NE

9207 Maple St.
402-391-2071
ASBURY PARK, NJ
1013 State Hwy. 35
201-775-1231

FAIR LAWN, NJ
35-07 Broadway (Rt. 4)
201-791-6935
AMHERST, NY
3476 Sheridan Dr.
716-835-3090
JERICHO, L.1. NY
15 Jericho Turnpike
516-334-8181
ROCHESTER, NY
937 Jefferson Rd.
716-424-2560

N. WHITE PLAINS, NY
7 Reservoir Rd.
914-761-7690

CLEVELAND, OH
28100 Chagrin Blvd.
216-292-7553
COLUMBUS, OH
2500 Morse Rd.
614-475-7200
TOLEDO, OH
48 S. Byrne Rd.
419-537-1887
WOODLAWN, OH
10133 Springfield Pike
513-771-8850
OKLAHOMA CITY, OK
2727 Northwest
Expressway
405-848-7593
FRAZER, PA
630 Lancaster Pike
gRt. 30)
15-647-5555
PHILAQELPHIA, PA
6318 Roosevelt Blvd.
215-288-0180
PITTSBURGH, PA
3482 Wm. Penn Hwy
412-824-3564
WARWICK, RI
558 Greenwich Ave.
401-738-5150
DALLAS, TX
2715 Ross Ave.
214-826-4053
HOUSTON,TX
1704 W. Loop N.
713-869-5263
SAN ANTONIO, TX
7111 Blanco Road
512-341-8876
MIDVALE, UT
58 East 7200 South
801-566-4626
ALEXANDRIA, VA
6201 Richmond Hwy.
703-765-5515
VIRGINIA BEACH, VA
1055 Independence Bivd.
804-460-0997
SEATTLE, WA
505 8th Ave. N.
206-682-2172
TUKWILA, WA
15439 53rd Ave. S.
206-246-5358
MILWAUKEE, Wi
5215 W. Fond du Lac
414-873-8250

*Units of Veritechnology
Electronics Corporation in
the U.S.

Prices and specifications subject to change without notice.

Your strong partner
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There are a number of points that have to be considered
when selecting a computer. This guide supplies
information that can help you to make

important decigj

w of the more

WHEN PERSONAL COMPUTERS WERE FIRST INTRODUCED. SIX
years ago, they were a novelty to be enjoyed only by a
few dedicated hobbyists. But today. the personal computer
has advanced far beyond that initial, limited use and is now

found in a wide variety of applications ranging from financial
tools for businessmen to sophisticated. interactive video
games for the consumer.

For those of you who have not yet been bitten by the
computer bug, there are probably a lot of unanswered ques-
tions that are bothering you. For exampie. you might want to
know just what a personal computer system is and what it’s
composed of. How is it possible for something to be both an
aid for the businessman and a toy for a youngster? While some
of those things may bewilder you at first. once you understand

wWwWwW americanradiohistorv com



some of the basics of personal computers. it will be easy for
you to answer such questions.

Getting down to basics

To begin with. let's take a look at just what a computer
system is composed of. In its simplest form, a computer
system can be broken down into four basic elements as shown
in Fig. 1. The first is the central processing unit (often
abbreviated CPU) which handles all of the computations and
controls everything connected to the system. That is the
‘‘brain’’ of the system.

In order to send information to the central processing unit.
it is necessary to connect some sort of input device to the
system. When large mainframe computers were in their hey-
day. one of the most common input devices was a punch-card
reader. With personal computers. typewriter-like keyboards
and CRT terminals are the most common input devices.

Getting information info the computer is only half the job. It
must also be possible to get information out of the computer.
Two common ways of outputting information are by using a
printer or a video display.

The last block in our generalized drawing of a computer
system is memory. Memory is a very important component in
any computer system. It allows the computer to perform
calculations and store temporary results for later use. [t
also makes it possible to use the computer like an electronic
filing cabinet. The amount of memory that is available has a
great effect on the complexity of the programs you can run on
the computer. The more memory you have, the more com-
plex the programs that can be handled.

Getting a closer look

Now that we have an overall idea of what a personal compu-
teris. let’s take a closer look at the individual components. All
personal computers available today use a microprocessor as
the central processing unit. Also known as a computer-on-a-
chip. a microprocessor is an integrated circuit that contains all
the circuitry necessary for it to act as the **brain.”" It usually
contains several temporary storage registers and something
known as an arithmetic logic unit (sometimes abbreviated
ALU). The ALU is a logic circuit that manipulates and trans-
forms the data.

There is a wide variety of microprocessors available to-
dayv. but the most commonly used ones are the 6502 and the
Z80. Which one is better? Does it really matter? Should you
select the computer you are going to buy based on the micro-
processor used? Answering the last question first: Unless you
have a very specific reason for using a particular microproces-
sor. such as wanting to use CP/M-based software. your choice
of computer should not depend on the type of microprocessor
used. That statement is probably going to upset some people.
but they are mostly dedicated hobbyists who are interested in
getting into the nuts and bolts of things. For the majority of
people. who are interested in eating an omelette and not in
how an egg is laid. the question of which microprocessor is
used is irrelevant.

To be sure. there are some significant differences between
the Z80 and the 6502: but unless yvou're going to write

CENTRAL
PROCESSING
UNIT (CPU)

1
|

INPUT QUTPUT

MEMORY

FIG. 1—The CPU is the heart of the system and manipulates and routes
all the data handled by the computer.

{
-

e

THE IMAGINATION MACHINE, from APF, with peripherals.
machine-language programs. you’ll never notice them. When
the PET and TRS-80 Model { computers were first an-
nounced, a lot of people wanted to buy the TRS-80 because it
had a Z80 microprocessor with a speed specification that
was twice as fast as that of the 6502 (in the PET). It also
had a more powerful machine-language instruction set. That
seemed to mean that anything containing a Z80 should be
faster and more efficient than its 6502 counterpart—but such
was not always the case.

One example is Sargon II. a popular chess program for
personal computers. If one compares the TRS-80 Z80 version
to the Apple 1 6502 version. one finds that the Apple /] imple-
mentation is significantly faster than the TRS-80 version.
even though the TRS-80 is operating at a clock speed that is
almost twice that of the Apple [F. That does not mean that all
6502 software is faster than all Z80 software: it only means
that unless vou take advantage of all the subtleties associated
with the various microprocessors. you're not going to reap all
of the potential advantages.

For CP/M use a Z80

The one exception to my previous statement about the
unimportance of the microprocesor used arises if vou are
considering using the CP/M (Control Program for Micro-
computers) operating system. That is a popular operating
system that is compatible with a lot of business software. It
is compatible with the 8080 and Z80 microprocessors, as
well as some of the newer microprocessors introduced by Intel.
While it is possible to use CP/M on an Apple Il computer
(which is a 6502-based machine). to do so requires the in-
stallation of an accessory card that contains a Z80 micro-
processor.

While the microprocessor is rightly considered the **brain™
of the system. it would not be possible for it to do very much
without some memory. There are several different types of
memory used in computer systems. Some contain information
and instructions for the microprocessor that always remain
the same and must be available to the CPU whenever. it is
powered up. That tvpe of memory is known as ROM (Read-
Only Memory) and is generally provided by the manufacturer
of the computer because it is usually not modified by the user.
(To do so would require changing some of the integrated
circuits within the computer.)

The main advantage of ROM's is that they never lose the
information that is stored in them, even if the power to the
computer is removed. For that reason, computer manufactur-
ers generally build into the computer a set of ROM's that
contain a special program called the monitor.

For those of you who are not familiar with it. a monitor
program is a short machine-language program that is capable
of handling some of the elementary functions required by the
system. Those include interfacing to the keyboard. so that
data can be entered. and generally an interface to a video
circuit so that information can be displayed.

Not all of the memory for a computer system is of the ROM
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type. And in fact, much of the memory in a computer must
have the ability to be easily and quickly changed. That type of
memory, known as RAM (Random Access Memory) can be
changed at will and is the type of memory that is normally used
to store a person’s own programs. It is also used as temporary
storage for variables used by the program being run. Unlike
ROM'’s, RAM’s have the disadvantage that as soon as power
to the computer is removed, they lose all of the information
that was stored.

How much memory is enough?

A question frequently asked by new and prospective com-
puter users is. ‘‘How much memory do I need? '’ The answer
is: It depends on the user. Just as a gas always expands to fill
the volume of the container that it is housed in, programmers
will tend to use as much memory as is available. A corollary to
that rule is that no matter how much memory you have,
somehow it is never enough.

Computers come with a wide range of memory sizes. They
range from 4K for the TRS-80 Color computer to 128K for the
new Apple Il computer. For games and home applications,
4K to 16K of memory is generally sufficient, but for business
applications 32K and 48K is required. And if you want to
use CP/M, 56K of memory is generally needed.

The ins and outs of computers

It is frequently necessary or desirable to connect additional
equipment to a personal computer to perform a certain task.
One common piece of equipment is a printer for producing
printed reports and program listings. Further peripheral de-
vices that can be connected to a computer include: plotters,
modems, graphics tablets, music synthesizers, speech sythe-
sizers, speech processors, EPROM programmers, and a host
of other devices.

THE APPLE Ill, with built-in disk drive.

With the possibility of connecting all of those devices to a
personal computer, some thought must be given to how they
are connected. In general, there are two ways in which
peripheral devices can be connected to a computer: viaaserial
interface (or port), or via a parallel one. Each has its ad-
vantages and disadvantages.

If the distance between the computer and the accessory is
going to be a large one, it is best to use a serial interface. The
reason for that is that only a relatively few number of wires is
needed. That reduces the cabling cost, but more importantly
reduces the susceptibility to stray noise pick-up. A limitation
of this approach is speed of data transmission, since data are
sent serially, one bit at a time. until all of it has been sent.

Since a lot of devices communicate with computers in a
serial fashion. the industry has developed a standard serial
interface that simplifies the interconnection of peripherals.
That standard is known as RS-232C and it defines the type of
connector to be used and which pins on the connector contain
which function.

Do it faster in parallel

For short distances. and where it is very important to trans-
fer data quickly (such as to a floppy disk), a parallel interface is
used. With such an interface, 8 or more bits of information are
sent to the peripheral device simultaneously.

Unlike serial interfaces. where there is one dominant
method of interconnection, several exist for parallel in-
terfaces. Two of the most common are the Centronics-com-
patible printer-interface standard and the IEEE 488 interface
standard. While the former is used almost exclusively to con-
nect to printers, the latter is frequently used to connect
to scientific instruments and other computers as well as
printers.

Each interface connection is called a port. There are two
types of ports, input and output. A single port can either input
data or output data, but not both. If you want to connect a
device that only receives data, such as a printer, then the.
device must be connected to an output port on the computer.
A device that both receives and sends data requires two ports;
an input port and output port. Both input and output ports can
be of the serial or parallel type. In addition to ports, a compu-
ter generally has its own internal connectors, called a bus
structure, whereby additional circuit boards can be added to
the computer. Using those connectors, you can add circuit
boards that contain additional RAM memory, input and out-
put ports, and various other circuits. In the Apple Il compu-
ter. for example, there are 8 internal connectors into which
external devices can plug. The TRS-80 Model I also has a
provision for connecting external devices to it, but those
require an extra piece of hardware known as the expansion
interface.

How many ports you will need depends on how many
accessories you want to connect to the computer. In general,
the manufacturer’s standard configuration for the computer
provides sufficient room for most accessories that will be
available for it.

Keyboards vary with the computer

The keyboards that are available on today’s personal com-
puters vary quite a bit, and it is wise to pay attention to that
when you think about buying a computer. Most people are
familiar with typewriters and their keyboards, so it is not
surprising that most manufacturers of personal computers and
computer terminals have opted for a keyboard that is similar
to that on a typewriter.

Some manufacturers however, felt that they could provide
more functions in a smaller space (or save money), by using
the widely available and inexpensive calculator-type switches
for akeyboard. The public has resisted that. People know how
to use a typewriter and many are even quite proficient with it.
But the calculator-type keyboards have non-standard spacing
and do not permit touch typists to work efficiently. Commo-
dore discovered this the hard way with their 8K PET 200!
computer and after a few years gave up and came out with a
unit that had a standard typewriter keyboard on it.

Texas Instruments, which was a latecomer to the personal
computing field. unfortunately did not learn from Commo-
dore’s mistake and had to find out for itself that the public
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THE ATARI 800. Top opens to accept plug-in modules.

wants a typewriter-quality keyboard on its computers. The
result was that its 99/4 computer was not as successful as it
could have been. But like Commodore, they did learn and
have recently introduced a new version of the computer
known as the 29/4A which has a full-size typewriter keyboard
init. Already TT has indicated that there has been a substantial
increase of interest in its computer because of that.

Typewriter compatibility is not the only important factor to
be considered with keyboards: configuration is, too. Some
keyboards go a step beyond and include, in addition to the
standard typewriter keyboard, a numeric keypad on the right-
hand side of the keyboard tc speed the entry of numeric data.
Radio Shack offered that initially as an option on their early
Model I computers, and found it so popular that they made it a
standard feature. And, because the Apple Il computer does not
have this feature, an independent manufacturer has devel-
oped an add-on set of numeric keypads.

While most typewniters can be used to produce both upper
and lower-case letters, some of the early computers could
only produce upper-case letters. For most applications, that
was OK. But when people started to use those computers as
word processors, a serious problem arose because the com-
puters didn’t support lower-case letters. Ingenious program-
mers overcame the limitation by writing special software
to accommaodate the lower-case characters, and even more
mgenious hardware designers figured out ways to display
those lower case letters on the screen.

THE H89 ALL-IN-ONE-computer from Heathkit.

How wide is the display screen?

One thing that should be considered when purchasing a
personal computer is the number of characters it can display
on the video screen. Depending on the computer. you will
be limited to 40. 64, or 80 characters per line. Apple. Atari
and PET computers are limited to 40 characters. The primary
reason is that they use standard television technology for the
display. and that ts inherently limited to 40 characters per

line. The TRS-80 Mode! I and Model 11l computers use a-

specially designed monitor so that they can display 64
characters per line, while the TRS-80 Model Il and the Apple
111 use standard video monitars and can display 80 characters
per line.

The desirable line length is 80 characters. because that is
roughly what you get on a piece of paper in a standard type-
writer. Shorter line lengths lmit the antount of information
that can be displayed on the screen at one time and make the
presentation of columnar data difficult.

In addition to the line length. the user interface to the
information displayed on the screen is important. Most per-
sonal computer systems have what is known as memory-
mapped video displays, which simply means that the memory
dedicated to displaying information on the screen looks like
any other memory in the computerand is treated as such. That
means that it is possible to write to the screen by storing data
in specific memory locations directly, rather than through the
standard video-output circuitry.

Most personal computers have a blinking prompt, either an
underline or a little square, that is called a cursor. Frequently
the ability to move that cursor anywhere on the screen in
combination with internal software makes it possible to edit
things that appear in the screen. That is a feature of the Atan,
Apple and PET computers. Radio Shack has opted for the line
editor approach where only numbered lines can be edited.
While this has some definite advantages, it also has some
shortcomings and programmers have come up with screen-
editor programs for the TRS-80 to make it more tlexible. R-E

TABLE 1—DIRECTORY

OF MEBURSCLURNERS ALPHA MICRO SYSTEMS
4 ] 17881 Sky Park North
For mcre information from the Irvine, 0192714

manufacturais listed below, circle
No. 96 on the Free Information

Card inside the back cover. 2360 Bering Dr.

San Jose, CA 95131

ACTION CONPYUTER ENTERPRISES,
INC.

55 West Del Mar Blvd.

Pasadena, CA 97105

1501 Broadway

ALTOS COMPUTER SYSTEMS

APF ELECTRONICS, INC.

New York, NY 10036

APPLE COMPUTER, INC.
10260 Bandley Dr.
Cupertino, CA 95014

ATARI, INC.
1196 Boiregas Ave.
Sunnyvale, CA 94086

CALIFORNIA COMPUTER SYSTEMS
250 Carinbean Dr.
Sunnyvale, CA 94066

continied on next page
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COMMODORE INTERNATIONAL, LTD.

950 Rittenhouse Rd.
Norristown, PA 19401

COMPUPRO
Box 2355
Oakland Airport, CA 94614

CROMEMCO, INC.
280 Bernardo Ave.
Mountainview, CA 94043

DELTA PRODUCTS
15392 Assembly La.
Huntington Beach, CA 92649

DYNABYTE BUSINESS COMPUTERS
115 Independence Dr.
Menlo Park, CA 94025

E&L INSTRUMENTS, INC.
61 First St.
Derby, CT 06418

GIMIX, INC.
1337 West 37th Place
Chicago, IL 60609

HEATH CO.
Benton Harbor, M| 49022

HEWLETT-PACKARD
1000 N.E. Circle Dr.
Corvallis, OR 97330

IMS INTERNATIONAL
2800 Lockheed Way
Carson City, NV 89701

INTELLIGENT SYSTEMS CORP.
225 Technology Park
Norcross, GA 30092

INTERTEC DATA SYSTEMS -
2300 Broad River Rd.
Columbia, SC 29210

ITHACA INTERSYSTEMS, INC.
1650 Hanshaw Rd.
ithaca, NY 14850

MARINCHIP SYSTEMS
16 St. Jude Rd.
Mill Vailey, CA 94941

OCTOBER 1981

MICRODASYS
Box 36051
Los Angeles, CA 90036

MICRO EXPANDER, INC.
6835 West Higgins Ave.
Chicago, IL 60656

MICROMATION
1620 Montgomery St.
San Francisco, CA 94111

MIDWEST SCIENTIFIC INSTRUMENTS,
INC.

220 West Cedar

Olathe, KS 66061

NEC AMERICA, INC.
1401 Estes Ave.
Elk Grove Village, IL 60007

NETRONICS RESEARCH AND
DEVELOPMENT

333 Litchfield Rd.

New Milford, CT 06776

NORTH STAR COMPUTERS, INC.
1440 Fourth St.
Berkeley, CA 94710

NOVELL DATA SYSTEMS, INC.
1170 North Industrial Park Dr.
Orem, UT 84057

OHIO SCIENTIFIC
1333 South Chillicothe Rd.
Aurora, OH 44202

OSBORNE COMPUTER CORP.
26500 Corporate Ave.
Hayward, CA 94545

PRODIGY SYSTEMS, INC.
497 Lincoln Highway
Iselin, NJ 08830

QUASAR DATA PRODUCTS
10330 Brecksville Rd.
Brecksville, OH 44141

RADIO SHACK
1400 One Tandy Center
Fort Worth, TX 76102

RCA MICROCOMPUTER MARKETING

SD SYSTEMS
10111 Miller Rd., Suite 105
Dallas, TX 75228

SINCLAIR RESEARCH
50 Staniford St.
Boston, MA 02114

SMOKE SIGNAL BROADCASTING
31336 Via Colinas
West Lake Village, CA 91361

SOUTHWEST TECHNICAL PRODUCTS
CORP.

219 West Rhapsody

San Antonio, TX 78216

SYNERTEK SYSTEMS CORP.
150 South Wolfe Rd.
Sunnyvale, CA 94086

SYSTEMS GROUP
1601 Orangewood Ave.
Orange, CA 92668

TEI, INC.
5075 South Loop East
Houston, TX 77033

TEXAS INSTRUMENTS
Box 225012, MS 84
Dallas, TX 75265

VECTOR GRAPHIC, INC.
31364 Via Colinas
Westlake Village, CA 91362

VISTA COMPUTER CO.
1317 East Edinger Ave.
Santa Ana, CA 92705

WESTERN DIGITAL
3128 Red Hill Ave.
Newport Beach, CA

WINTEK CORP.
1801 South St.
Lafayette, IN 47904

ZENITH DATA SYSTEMS
950 Milwaukee Ave.
Glenview, IL 60025

v MICROACE New Holland Ave.

© 1348 East Edinger Ave. Lancaster, PA 17604

S Santa Clara, CA 92705

a ROCKWELL INTERNATIONAL
O MICROBYTE, INC. Microelectronics Division
W 2499 Cerritos Ave. Box 3669

W Signal Hill, CA 90806 Anaheim, CA 92803
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THANDAR’S

COMPLETE PORTABLE
TEST BENC

TM354 3V, Digit
@ DC Volts : 1TmV to 1000V @ ACVolts : 1V to
500V AC rms @ DC current : 1uAto 2A

@ Resistance : 102 to 2MQ @ Diode Check o 8
@ Basic accuracy : * (0.75% of reading F_",
+ 1digit) ® Battery life : Typically 2000

hours

4000 hrs
BATTERY
LIFE

e

SC110 SINGLE TRACE LOW POWER 2" OSCILLOSCOPE

This truly portable oscilloscope, the only British product to win a Gold Medal at the
1980 Brno Trade Fair, boasts the following specification: @ Bandwith : DC to 1CMHz
@ Sensitivity : 10mV/div to 50V/div ® Sweep Speeds : 0.1usecs/div to 0.6 secs/div
@ Power Requirements : 4to 10V DC from 4 'C’ cells or AC adaptor @ Size and weight :
255 150 X 40mm; 800gms excl. batteries

TM351 3", Digit
@ DC and AC Volts : 100uV to 1000V 750V AC rms)

® DC and AC current : 100nA to 10A (20A for 10 secs)
@ Resistance : 100m(} to 20M(2 @ Diode ch=ck @ Basic
accuracy : * {0.1% of reading + 1 digit) @ Baterv life : up to
4000 hours

FREQUENCY |
METERS

TF040 8-Digit LCD

® Frequency Range : 10Hz-
40MHz (to 400MHz with TP600)
@ Sensitivity : 40mV rms @ Timebase
accuracy : better than 0.5 ppm @ Battery life :
Typically 80 hours

TF200 8-Digit LCD
@ Frequency Range : 10Hz-200MHz (to 600MHz with TP600) @ Sensitivity : 10mV rms
20Hz-100MHz, 30mV rms 10Hz-20Hz, 100MHz-200MHz @ Timebase accuracy : hetter
than 0.3 ppm @ Battery life : Typically 200 hours @ $299 {inc. batts).

PFM200 8-Digit LED Hand Held Meter

@ Frequency Range : 20Hz-200MHz (to 600MHz with TP600) @ Sensitivity : Typically
10mV @ Timebase accuracy : better than 2 ppm @ Battery life : Typically 10 hours
@ $99.95

TP600 600MHz Prescaler

L. Frequency Range : 4QMHz to 600MHz ® Sensitivity : 10mV @ Output : Typically

TM353 3, Digit

@ DC and AC Volts : 100V to 1000V (750V AC rms} @ DC and AC current : 100nA to 2A
@ Resistance : 102 to 20M( @ Diode check ® Basic accuracy : * (0.25% of reading +
1 digit) @ Battery life : Typically >3000 hours ® $159 (inc. batts}.

DM350 34 Digit;

34 ranges; 0.1% basic accuracy;

DM235 3%, Digit; 21 ranges; 0.5% basic accuracy; $69.95

PDM35 3V, Digit; Hand held; 16 ranges; 1% basic accuracy; $33 95

500mV peak-peak @ $79 J

THANDAR SATISFACTION WARRANTY:

If for any reason, whatsoever, you are not completely satisfied with your purchase, return it
within 30 days of purchase date for a full refund —it's as simple as that!

TG100 100kHz
Functiom Generator .
® Frequency range : 0.1Hz to 100kHz We accept Master Charge or Visa
® Functions : Sine, Square, Triangle and DC from variable
60002 out;:\:lt @ Outputrange : 1mV-10V peak-peak @ DCoffsetrange : New Jersey Residents add appropriate Sales Tax. Prices shown in U.S. currency only.

TO ORDER CALL TOLL FREE: 800-526-5311

+5V @ TTL output @ External sweep : =300:1 linear range o)
STOP PRESS TG102 2MHz Function Generator $299 POSTAGE AND HANDLING up to $100 add $3. Over $100 add $5. O
TG105 5SMHz Pulse Generator 8

@ Period : 20! 20 M 5H. idth : )
8 period  200nsec to 20ams stz osta @ putee it soonec o oo 0500 | THANDAR ELECTRONICS INC 5
ax;s;n‘alggngé;er, external gate, manual 1-shot or gate ® Complement and square (-5
\ _/ PO.Box 8247 Haledon, New Jersey, 07538 Tel: 201-790-3141 ®
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Floppy-disk systems are not inexpensive, but the
advantages they offer frequently makes them worth
their cost.

THE MORE YOU USE YOUR COMPUTER. THE MORE YOU WILL
learn about it. You will soon want to put the computer to
practical use. Unfortunately. complicated tasks require a size-
able amount of computer memory and you will soon need
more memory than is available with your computer’s intemnal
RAM. Also. you will want a fast method for saving and
loading your computer programs. You can enter programs
using the computer’s keyboard. but for long and complicated
programs this method is tedious and time consuming.

The solution to those problems is to add a mass-storage
device to your computer. A mass-storage device, such as a
floppy-disk system or an audio cassette-recorder. will in-
crease your computer’'s memory capacity. In addition, a
mass-storage device provides a nonvolatile method of storing
programs and data.

Chief among the advantages of a floppy-disk system over
cassette tapes are higher speed and faster access time. Yes. a
cassette recorder is cheap, fzirly reliable. and easily adaptable
to a personal computer. But it is slow, with a typical data-
transfer rate between 30 to 150 characters-per-second (CPS).
This means it may take as long as five minutes to load 10K of
RAM. A floppy disk is faster and has other distinct advantages.

Access is faster since the read/write head in a floppy-disk
system can reach a desired block of information without the
need to pass through preceding data; that is termed random-

access. On the other hand. data stored on a cassette tape is
recorded serially. so all data preceding a desired block of
information must first pass by the read/write head.

Let’s illustrate what long access times can mean. A typical
audio cassette used for small personal computers operates at a
speed of 1.875 inches-per-second. and a 60-minute or 5(00-foot
tape can store 500K bytes. To read one side of a cassette
would take 30 minutes. Suppose you were to enter a list of
names and addresses into your computer and then store it on
cassette tape. If you then wanted to retrieve a particular name
and address that was in the middle of the list. it would take 1§
minutes to locate the address. A floppy-disk system with its
random-access capability would retrieve that particular ad-
dress in less than one second.

Once the particular block of information was located. the
cassette recorder would transfer the data to the computer at a
much slower rate than a floppy-disk system would. Stating it
another way. a cassette system may have a data-transfer rate
of 500 bits-per-second. compared to 15.600 bits-per-second
for a Sva-inch floppy disk. and 31.000 bits-per-second for an
8-inch floppy disk. (Eight bits are required for each character
transferred. Also. bits-per-second is commonly referred to as
baud rate.) In addition. most cassette recorders require man-
ual operation, whereas a disk drive runs automatically after
the disk is inserted.
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Each 8-inch floppy disk can store up to 500K bytes (single-
sided. double-density) or one megabyte (double-sided. double-
density) of data. The smaller 5%-inch diskette can store about
180K bytes (single-sided. double-density) or 360K bytes
(double-sided. double density).

What is a floppy disk?

The flexible or floppy disk was introduced in the late 1960's
by IBM to replace keypunch cards. It is soft and easily bent:
hence the name **floppy disk"". The disk is currently available
in two sizes. 8-inch (203 mm) and 5%-inch (135 mm). The
smaller S¥%-inch floppy disk is commonly referred to as a
minifloppy diskette. The size is a measure of the sides of a
nonremovable square cardboard jacket that houses and pro-
tects the .003-inch thick. flexible Mylar disk. The disk is
coated on both sides with a layer of magnetic oxides and
revolves inside the protective jacket. The 8-inch disk rotates
at 360 rpm while the minifloppy runs at the slightly slower
speed of 300 rpm.

During reading or recording. a read/write head makes light
contact with the disk surface. When data is not being written
to or read from the disk, the read/write head is lifted from the
disk surface to reduce wear.

As shown in Fig. 1. the jacket does not totally cover the
Mylar disk. There is a slot to allow the read/write head to
contact the oxide, a center hole to permit the drive-motor
spindle to rotate the disk: an index hole to provide specific
timing information, and a notch (optional on the 8-inch disk,
always present on the 5%-inch disk) for *‘write-protection”’ to
avoid accidental erasure of data recorded on the disk.

The **write-protect™ notch is similar to the plastic tab on
cassette tapes: when the tab is snapped off. the tape cannot be
re-recorded. On a 5%-inch floppy disk, the **write-protect’”
notch is covered to write-protect the disk and thus prevent
wiping out programs and data stored on it. The procedure is
reversed with the 8-inch disk. If the optional write-protect
notch is present. it is covered to write-enable the disk.

Tracks and sectors

In some ways. a floppy disk is similar to a phonograph
record. A record stores music within grooves on a plastic
surface: a floppy disk stores data as a sequence of magnetic
pulses on a smooth magnetic surface. To read. or sense. the
music on a phonograph record, a needle rides in the spiral
groove and its mechanical vibrations are converted into elec-
trical signals. In a disk system, there are no grooves; instead

INDEX HOLE
'_:
0 | —Disk

THERMAL SEAL .

/©
SPINDLE — o 0 HEAD ACCESS
ACCESS HOLE L — SLDT
PROTECTIVE—" ! v y

JACKET
WRITE PROTECT NOTCH

FIG. 1—THIN MYLAR DISK with its oxide coating is protected by a non-
removable jacket,

there are invisible tracks along which magnetic pulses are
recorded. To read the data. a magnetically-sensitive read/
write head is placed over the track while the disk is rotated.
When data is to be stored on a floppy disk, the read/write head
either changes the magnetic state of the oxide area it is con-
tacting or else makes no changes: that produces the equivalent
of alogic *“1'" or *‘0"".

Continuing the analogy to a phonograph record. music is
recorded in one continuous groove or track on the record
surface, starting from the outermost edge of the
record to the center hole. That arrangement is fine, since the
music will be played from start to finish—generally without
the need for interruption. In a floppy-disk system, a great deal
of data will be stored and fast access to any particular section
of the data is essential. Now think how difficult it would be to
locate a particular passage exactly on a phonograph record.
It’s not easy, but fortunately it’s not often necessary.

To allow more rapid access of data on a floppy disk. a series
of concentric tracks is arranged, with each track located at a
specific distance from the center (or the edge) of the disk, as
shown in Fig. 2. Now each track can be identified easily or
addressed by its specific location. Although there is a stan-
dard number of tracks (77) in the IBM 8-inch disk format.
some manufacturers use different numbers of tracks. Some
floppy disks are single-sided. with data stored on one side of
the disk. while others are available with tracks and data stored
both sides (double-sided floppies).

Although it is easier to locate a specific section of data using
concentric tracks instead of a single continuous track, let's
consider some of the drawbacks. If an 8-inch disk is divided
into 77 tracks and various blocks of data (files) are assigned to
individual tracks. there may be some degree of inefficiency. It
is possible that one file may contain a relatively small amount
of data; thus the track assigned to this file would barely be
used. Another file may be much larger and use almost an
entire track. A third file may require a bit more than one track
and thus be assigned two entire tracks. again with little data on
the second track.

To improve efficiency, tracks are divided into sectors, as
shown in Fig. 3. Now data can be placed. and located quickly,
by assigning a specific track and sector as its address. In the
IBM format,. for example, each 8-inch disk is divided into 77
tracks with 26 sectors per track for a total of 2002 sectors.
Each sector holds 128 bytes or 1024 bits of information. Thus.
a short file might fill a dozen sectors while a larger file could
use an entire track of 26 sectors.

To locate the sectors on the surface of the floppy disk,

TRACK NUMBER

717273747576
INNER EDGE

OF DiSK
(CENTER HOLE)

DISTANCE TO
ADDRESSED
TRACK

FIG. 2—THE SURFACE of the floppy disk is divided magnetically into
concentric tracks for data storage.

ONE SECTOR /R
SECTOR

TRACK 76 TRACK 00

FIG. 3—EACH TRACK is divided into sectors so that the data can be stored
more efficiently.
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either soft-sectoring or hard-sectoring is used. A soft-sectored
disk has a single index hole; sector locations are identified
by information recorded on the disk. That information must
be stored within the sector and thus reduces the disk’s actual
storage capacity. A hard-sectored disk (Fig. 4) uses a number
of punched holes to act as index markers: this scheme is about
25% more efficient in data storage. Hard-sectored disks con-
tain 10 to 16 holes (32 holes in the case of some 8-inch disks) in
addition to the index hole that is centered between two of the
sector holes. Circuits in the disk controller sense the shorter
spacing between the index hole and the holes on either side
of it and thus the system is aware of the starting point.

Still another analogy to the phonograph record: Just as an
audiophile builds up a distinctive collection of choice records
lovingly. so too can a computer buff collect pre-programmed
disks or disks that he has written and perfected. Disks. just
like records. can be exchanged to permit other users to bor-
row special programs without the need to develop them.
However, to exchange software via floppy disks, the
formats of the disks must be compatible. In other words. you
can not purchase software recorded on a 5%-inch hard-sec-
tored disk and enter it into your computer if your floppy-disk
system requires soft-sectored disks.

One final analogy. Audiophiles take precautions when they
handle their prized records: they hold the records by the edges
to prevent fingerprints, dirt, or body oils from penetrating the
record grooves and thus mar the fidelity of the sound. Floppy
disks are considerably more vulnerable to careless handling: a
dust particle or a strand of human hair deposited on the
surface of a floppy disk could damage a number of sectors or
impair good contact between the read/write head and the
oxide coating. For that reason, users are advised to store the
disk in its original envelope after use.

Floppy-disk formats

To promote the exchange of software among users. the
computer industry has adopted the IBM 3470 format as a
standard. Unfortunately. that standard can only be applied to
8-inch disks. If you are contemplating the purchase of a flop-
py-disk system, you should be aware that there is no industry-
standard format for 5¥-inch disks. Also. if you are contem-
plating the purchase of an 8-inch disk system. vou should
make sure that the system is compatible with the IBM 3470
format.

The IBM 3470 format is shown in Fig. 5. The disk is divided

INOEX HOLE
SECTOR HOLES (BETWEEN TWO SECTOR HOLES)

TRACKO
TRACK 76 \

FIG. ——SECTOR LOCATION is accomplished using an index hole. Hard-
sectored disks use a series of holes, one for each sector plus the index
hole.

INOEX HOLE

2 SECTOR|SECTOR|SECTOR|SECTOR{SECTOR|SECTOR|SECTOR|SECTOR

23 2 25 26 01 02 | 03 04
1
128 BYTES
GAP| 10 FIELD|GAP| §ATA FIELD

FIG. 5—WITH THE IBM 3470 FORMAT, each disk is divided into 77 tracks.
Each track is subdivided into 26 sectors, and each sector is subdivided
into four sections.

into 77 tracks or concentric circles. with the count (00) starting
at the outer edge; the innermost track is No. 76. Each track is
subdivided into 26 sectors. Thus. there are 2(X)2 sectors on a
standard single-density 8-inch disk. The sectors are identi-
fied by soft-sectoring. Each sector is further subdivided into
four sections: one to identify the sector and track number. one
to accommodate 128 bytes (or 1024 bits) of data, and two
gaps to separate the ID and data sections. The ID and data
sections are further broken down so that in addition to con-
taining the ID and data information. they contain pulses that
are used to synchronize the controller circuitry to allow for
variations in the rotational speed of the floppy disk. The ID
and data sections also contain error-checking bits so that the
controller circuitry can recognize an error when it occurs.

When a biank floppy disk is first purchased. its surface is
non-magnetized and thus it must first be formatted to organize
tracks and sectors. The microcomputer performs this function
upon command, using the pulse representing the index hole as
the reference point. After the disk has been formatted. it is
ready to have information written on it or read from it. An
unformatted 8-inch disk has a capacity of 400K bytes while
its IBM 3470 formatted version can accommodate 256K bytes.

As previously stated. there is no standard format for the
5v4-inch minifloppy diskettes. The number of tracks and sec-
tors can and does vary. For example, 5%-inch diskettes for
the Apple II computer were originally formatted with 35
tracks. each subdivided into 13 sectors with 256 bytes-per-
sector. Later. that format was modified to 35 tracks with 16
sectors-per-track. resulting in a net increase of 24K of storage
capacity. Diskettes for the Heath H89 computer are formatted
with 40 tracks and 10 sectors-per-track.

A 5%-inch minifloppy diskette has an unformatted capacity
of 110K bytes. With soft-sectoring. this figure drops to 80.6K
bytes. The minifloppy diskette can be formatted with any-
where from 35 to 77 tracks and 10 to 16 sectors-per-track.

Single density, double density

Data is placed on a disk using frequency modulation (FM).
A 250-kHz clock generator produces pulses that repeat every
four microseconds to form data cells on the surface of the
Mylar disk. When writing data to the disk. if a data bit is
supplied during the interval between clock pulses. a magnetic
transition will occur as the read/write head contacts the oxide
surface of the disk; that corresponds to a logic |. If no data bit
is sent. there will be no magnetic transition and thus the oxide
is unchanged. representing a zero, as shown in Fig. 6.

When reading data from the disk. the stream of pulses
would include the 250-KHz clock pulse and pulses represent-
ing ones and zeros. When a data cell includes a clock pulse and
a data pulse, the presence of the two pulses identify a logic |:
the presence of only the clock pulse indicates a logic 0. That
encoding technique is called FM encoding and is commonly
referred to as single-density.
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DATA CELLS SEPARATED BY CLOCK PULSES

CDCDTC C CDCDTC C D C

1 ] 0 0 1 1 0 1

C=CLOCK PULSE
D = DATA PULSE

FIG. 6—WHEN RECORDED ON THE DISK, a togic 1 consists of a clock
pulse plus a data pulse; a logic 0 consists of only the clock pulse.

With FM encoding. the IBM 3470 format specifies a record-
ing density of 3408 bits-per-inch. Thus. with 77 tracks. 26
sectors. and |28 bytes-per-sector, a total of 256,256 bytes can
be stored oh a single-sided 8-inch disk.

To double the storage capacity. a double-density technique
was developed based on an MFM (Modified FM) encoding.
Basically, many of the clock pulses are removed and
the presence of a pulse signifies a logic | while the absence
represents a logic 0. Synchronization is accomplished by in-
serting a clock pulse at certain intervals. By eliminating many
of the clock pulses, more room for data is available within
each sector and twice as much information can be stored on a
given length of track using MFM encoding rather than FM. Of
course. there is a tradeoff... more sophisticated pulse-circuitry
is required for clock timing and data writing.

Other techniques have been developed to increase the stor-
age capacity of disks even farther. One scheme involves the
use of drives with two read/write heads. one for each side of
the disk. Thus. data can be stored on both sides of the disk.
Some manufacturers have even introduced a quad-density
recording technique that they claim will offer four times the
storage capacity of a single-density drive.

Table | lists the unformatted storage capacity for both St4
and 8-inch disks using various data storage techniques. As
shown, a single-sided single-density minifloppy (5% inch) pro-
vides 128.000 bytes of storage capacity while a double-sided
double-density 8-inch disk provides almost 2 megabytes. In
practical terms. a single-sided minifloppy would hold the
equivalent of 30 single-spaced typewritten pages while the
2-megabyte capacity of a double-sided double-density 8-inch
floppy could hold as many as 4(0).

Those storage capacities. however. are for unformatted
disks. After the disk is formatted. the data-storage capacity
decreases depending on the formatting technique used. The
actual storage capacity of a double-sided double-density 8-
inch disk formatted with 77 tracks and 26 sectors-per-track is
around 1.1 megabytes. A dual-drive. double-density. double-
sided 8-inch disk drive system can store over 2 million bytes.

Obviously. the added capacity of the double-sided double-
density technique is a definite asset. However. drawbacks
include the lack of standardization. Thus, a double-density
diskette prepared on one system very often cannot be used
with another disk system. Double-sided drives also have a
drawback. Here. two read/write heads are used—one acting
as the pressure pad for the other. Excess head wear and/or
diskette damage is more likely to occur than with single-sided
systems.

Table 1—STORAGE CAPACITY

5Ya-inch Floppies

Unformatted | Transfer

Storage Rate
Capacity (Kilobytes
Type Sector Type | (Kilobytes) | Per Second)
Single-density/
single-sided Soft 128 15.6
Single-density/
dual-sided Soft 256 15.6
Double-density/
single-sided Soft 512 312

8-inch Floppies

Single-density/

single-sided Soft 400 31.2
Single-density/

dual-sided Soft 800 31.2
Double-density/

single-sided Soft 800 62.4
Double-density/

dual-sided Soft 1.600 62.4

Access time and transfer rate

In addition to storage capacity . access time and transfer rate
are important specifications for a disk drive. Access time is
the time it takes for the drive to access data in a random
manner. Thus. the access time depends on the time it takes for
the read/write head to arrive at the proper track (track-to-
track seek time) and then wait for the data in the proper sector
(latency time). Specifications for disk drives generally list an
average access time derived by using one half the unit's poor-
est access time. Maximum. or worst. latency time is when the
read/write head arrives at the proper track just as the correct
sector passed by. In that case the head must wait for a full
rotation of the disk and thus produces the maximum delay.

Typical average track-to-track seek times vary from 3 ms to
100 ms for an 8-inch disk drive and 3 ms to 25 ms for a 5Y%-inch
disk drive. Latency time (average) for an 8-inch drive is about
85 ms and about 100 ms for a minifloppy. Total access time for
an 8-inch drive might range from 150 ms to 300 ms and about
400 ms to 600 ms for a minifloppy.

The transfer rate. or speed at which the disk drive can
transfer its data to the computer. is another measure of disk-
system performance. Obviously. a quick access time and
rapid transfer rate means the computer can start to perform its
operations with less time wasted. Typically. a single-sided
minifloppy can transfer data at a 15 kilobytes-per-second rate
and at twice this speed with double-density techniques. An
8-inch disk can transfer data at typical rate of 62.5 kilobytes-
per-second. although models are available with transfer
speeds as high as 125 kilobytes-per-second.

Disk-system components

So far we ve talked abut the floppy disk and the disk drive.
However, a complete floppy-disk systsem consists of more
components. as shown in Fig. 7. So. let's list all of the compo-
nents that make up a complete disk system.

1. The floppy disk itself.

2. Adisk-drive assembly to rotate the disk and position the
read/write head to the desired track position. Inside the
cabinet that houses the drives is a power supply to
provide the operating volitages to power the drives.

3. A disk controlier to specity head position, control the
drive motor, check and correct errors, and perform other
functions.

4. Interface circuits to connect the computer control-sig-
nals properly to the disk controlier.

continued on page 66
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Radio Shacks *399 TRS-80
Color Computer is for
People Who Take Thei

Seriously! :

The TRS-80 Color Computer is the
affordable computer that doubles as an
action-packed electronic games
machine! Just attach to any color TV—or
use the $399 TRS-80 Video Receiver
shown — and plug in an Instant-loading
Program Pak™ (sold separately) to blast
invaders from other galaxies, conquer
dinosaurs from a prehistoric world, pol-
ish up your chess game, or maintain the
family budget. Each game features vivid
color graphics and action-packed sound
effects. Or write ycur own programs in
color BASIC — our outstanding tutorial
manual makes it easy. Expand your sys-
tem to include a more powerful
BASIC, more memory (4KRAMis =
standard), joysticks, a printer, ==
a modem, and disk or
cassette storage —

anytime! .
&
|
Stop by W-

Shack and let us demonstrate how

fun computing can really be. Now over

6100 Radio Shack stores and dealers,

160 Computer Centers and 160 service

centers nationwide. Or write for a free

TRS-80 catalog: Radio Shack, Dept. 82-

A-349, 1300 One Tandy Center, Fort !
Worth, TX 76102. '

*Retail prices may vary at individual stores and dealers. The biggest name in Iittle Computels

Some items require special order.
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FLOPPY DISKS ADD VERSATILITY
continued from page 64

5. Programs (software) to control the operation of the disk
drive, such as specifying to which track and sector of the
disk data should go, handling the actual reading and
writing of data, and monitoring that the data transfer is
correct. Those programs are called disk-operating sys-
tems (DOS’s) and they operate with a file management
system (FMS) to identify files of data and route data to
individual tracks and sectors on the disk.

The disk controller has the responsibility of read/write head
positioning, sector identification, disk-motor control, head
loading and unloading, error detection and correction, and of
controlling the transfer of data to the interface circuits
between the disk drive and the main computer. In most in-
stances. the interface board contains the disk controller cir-
cuitry. This board mounts inside the computer and is con-
nected to the disk drive(s) by a ribbon cable.

The disk-operating system (DOS) controls the operation of
the controller circuitry. It resides on a floppy disk. One of the
functions of the DOS is to transfer data and programs between
the computer and the floppy-disk system. Thus, when you
first turn on the computer system, it is necessary to load the
DOS from the floppy disk into the computer. That task is
handled by a short program called a bootstrap loader. The
bootstrap loader is contained in a ROM, usually on the in-
terface board. Depending on the computer system, the boot-
strap program is called up by a simple keystroke on the com-
puter’s keyboard. Once the system has been *‘booted,’” the
computer and floppy-disk system are ready to accept operator
commands. The DOS takes care of labeling the files, editing,
error detection. and file copying. A file-management system
designates the track and sector allocations on the disk for
files.

Since the DOS occupies a rather substantial portion of a

Power |
SUPPLY
MPUITER |
DISK WRITE /PROTECT SWITCH [ComPUTER
DRIVE || | COMPUTER BUS
INDEX ! -
SECTOR 1 ¢ !
- B (D J )
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INOEX 11 SPINDLE HUB CIRCUITS

sector € / | Assy ‘ |
DETECTOR | [ J S
STEPPER | | l
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diskette, a system with only a single floppy-disk drive is rather
limited. Thus, it is common for packaged computers, such as
those offered by Radio Shack, Apple, and others, to include
two or more floppy-disk drives. One disk controller can gener-
ally handle several disk drives. _

After the diskette is inserted through the front door of the
floppy-disk drive and the door is closed. the drive spindle
grips the center of the diskette and the motor brings the disk
up to full rotational speed. The DOS directs the controller
circuitry to position the read/write head to track 00 and the
index hole, in conjunction with an optoelectronic sensor.,
generates a location pulse for timing. As the floppy disk spins,
the heads are carefully positioned above the desired track.
Then, the read/write head is pressed against the oxide coating
with the help of pressure pads on the opposite side of the disk.
That is called **head loading’* and it is directed by the DOS.
When a different track is desired, the read/write head is un-
loaded (lifted off the surface of the disk), moved to a different
track, and loaded once again.

Before the read/write head is actually loaded, a sensor
inside the drive senses the write-protect notch and determines
whether the floppy disk can be written to. Of course, during a
read operation, the notch is not sensed. When the read/write
head is loaded, an LED on the front panel of the drive alerts
the user that the drive is in operation and the disk should not
be removed. When the drive completes its operation, the
read/write head is unloaded, the LED goes out, and the disk
may be removed.

Just as a computer is useless without proper software, so,
too. is a disk drive. A well-prepared disk-operating system
(DOS) is required to keep track of what is stored on the disk.
and where it is located. The DOS handles such tasks as trans-
ferring programs from one device to another. locating read/
write errors, providing a means to make backup copies of a
diskette, and other chores.

Although basically similar, most DOS’s are unique in their
own way, and vary from one manufacturer to another. The
DOS must be configured for the particular computer system it
is to be used with. Also, if you decide to buy software on disk,
the software must be compatible with the DOS. That condi-
tion also includes high-level languages such as BASIC.

Disk errors

Disk errors are categorized as either soft or hard errors.
Hard errors are caused by defects on the disk surface: soft
errors are due to program or processing troubles or power-line
transients. An example of a soft error is what is commonly
called a seek error, which occurs when the read/write head
appears at the wrong track. Part of the disk-conroller’s job is
to locate and correct those disk errors. For example, the disk
controller will compare the track being read with the track
number that was called for by the DOS and determine whether
a discrepency exists. If a deviation is noted, the disk control-
ler will initiate a new positioning routine and place the read/
write head over the correct track.

A soft error is also classified as a recoverable error, one that
the disk controller can spot and (sometimes) correct. A hard
error is a non-recoverable error; the controller can detect it
but cannot correct it.

It is estimated that a soft-sector disk system has an error
rate of one per 108 bits during a read operation; one per 1011

( N S,%’:‘TDE | l?L bits during a read operation is the estimate for a hard-sec-
f‘( M%%'X%T'C HEAD tored disk. Under normal usage a disk is expected to last about

1) WRITE 3 | L wmisson two years: a track is considered to be worn or defective when
O HEAD | ! A 2 y f .
> | CABEE it output level drops to 20 percent of its original value.
5 DRIVE MDTOR Sy |
T L} sTepPER [ | Is a backup copy necessary?
D — ] A backup is an exact duplicate copy of a disk. A backup
] . = | copy is almost mandatory since it can be expected, sooner or
S FIG.7—A COMPLETE FLOPPY DISK SYSTEM consistsnotonlyofthedisk ~ |a1€T+ that a disk will become defective due to wear. or dirt
2 and disk drive, but also includes control and interface circuits, as well as cqntammaugn, or pQSSlbly dl{e to the read/write h(?ad s dam-
@  the software to handle disk-access operations. aging the oxide coating of a disk. When that calamity occurs,
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and a backup copy has not been made, it will be necessary to
reconstruct the lost information (if still available) and prepare
a new disk.

How critical the data is, how often it changes, and how
costly the loss will be will determine how frequently a data
backup copy should be made. Large investment houses or
banks might back up data every hour; small-business users
perhaps only once a week. To make creating backup copies
convenient. the DOS software usually contains 2 command
for duplicating disks.

Selecting your disk drive

Computers and their peripherals are costly. So selecting a
computer, printer, disk drive, or other accessory demands a
hard look at the future, as well as the present. Among the
questions to be answered are: What capacity do, and will, you
need? A novice, or someone interested in games, can possibly
be content with a cassette system and need not invest in a
floppy system at all. Others, requiring a mass-memory storage
capacity of, say, 250K bytes may settle for a single-drive
unit—bearing in mind that an 8-inch disk holds twice as much
data as a S¥4-inch diskette at less than double the cost. Gener-
ally, a single disk controller and DOS can operate up to three
drives; thus it is common to start with a minimum investment

and gradually add more drives to it.

Is the disk-drive hardware and software you have selected
compatible with your computer? Your computer. keyboard.
printers, and display must interface with the disk-system’s
electronics and DOS. Is the software you intend to use avail-
able for the disk system you are about to purchase? How
important to you is access time and data transfer rate? Is size
critical? Are there any unusual environmental considerations
such as excessive heat or humidity where the drive will be
located?

And, of course, there are basic considerations that must
always be evaluated. How long has the manufacturer. whose
units you are considering, been in business. what is his reputa-
tion, what is his warranty policy? Are there local places for
service or must units be shipped back to the factory? Will
spare parts be readily available? Also, it’s wise to ask dealers
and members of computer clubs about their reliability expen-
ences with the models you are considering. Do they have a good
record in their field or are they notoriously poor? Don’t hesi-
tate to ask many questions before the final purchase...once

you’ve bought the disk system, you'll be tied to it for a long.

time. A list of manufacturers of disk drives appears in Table 2;
contact them for specs and performance details. Remember,
they are in business to respond to your needs. R-E

TABLE 2—DIRECTORY OF DISK DRIVE
AND CONTROLLER MANUFACTURERS

For more information, circle No. 97
on the free information card inside the
back cover.

A.M. ELECTRONICS
3366 Washtenaw Ave.
Ann Arbor, M1 48108

APPARAT, INC.
4401 South Tamarak Pkwy.
Denver, CO 80237

APPLE COMPUTER, INC.
10260 Bandley Ave.
Cupertino, CA95014

CALIFORNIA COMPUTER SYSTEMS
250 Caribbean Dr.
Sunnvale, CA 94086

COMMODORE BUSINESS MACHINES
950 Rittenhouse Rd.
Norristown, PA 19403

COMPUTHINK
965 West Maude Ave.
Sunnyvale, CA 94086

CROMEMCO, INC.
280 Bernardo Ave.
Mountainview, CA 94043

DATA SYSTEMS DESIGN
3130 Coronado Dr.
Santa Clara, CA 95051

DELTA PRODUCTS
15392 Assembly Lane
Huntington Beach, CA 92649

HEATH COMPANY
Benton Harbor, M1 49022

IMS INTERNATIONAL
2300 Lockheed Way
Carson City, NV 89701

INTERFACE, INC.
20932 Cantara St.
Canoga Park, CA91304

INTERNATIONAL MEMORIES, INC.
10381 Bandley Dr.
Cupertino, CA 95014

JADE COMPUTER PRODUCTS
4901 West Rosecrans
Hawthorne, CA 90250

LOBO DRIVES INTERNATIONAL
935 Camino Del Sur
Goeleta, CA93017

MATCHLESS SYTEMS
18444 South Broadway
Gardena, CA 92048

MICROMATION
1620 Montgomery St.
San Francisco, CA 94111

MICROPOLIS
7959 Deering Ave.
Canoga Park, CA91304

MICRO-SCI
1405 East Chapman, Suite E
Orange, CA 92666

MORROW DESIGNS
5221 Central Ave.
Richmond, CA 94804

NETRONICS RESEARCH &
DEVELOPMENT

333 Litchfield Road

New Milford, CT 06776

wwWw americanradiohistorv com

NORTH STAR COMPUTERS, INC.
1440 Fourth St.
Berkeley, CA 94710

OHIO SCIENTIFIC
1333 South Chillicothe Rd.
Aurora, OH 44202

PERCOM DATA CO.
211 North Kirby
Garland, TX 75042

QT COMPUTER SYSTEMS, INC.
15620 South Inglewood Ave.
Lawndale, CA 90260

QUANTUM CORP.
448 Whitehead Rd., Box 5141
Trenton, NJ 08619

RADIO SHACK
1400 One Tandy Center
Fort Worth, TX 76102

SD SYSTEMS
10111 Miller Rd., Suite 105
Dallas, TX 75228

SMOKE SIGNAL BROADCASTING
31336 Via Colinas
West Lake Village, CA 91361

SOUTHWEST TECHNICAL PRODUCTS

CORP.
219 West Rhapsody
San Antonio, TX 78216

TARBELL ELECTRONICS
950 Dovlen Place. Suite B
Carson, CA 90746

VISTA COMPUTER CO.
1401 Borchard St.
Santa Ana. CA 92705

WAMECO
Box 877, 455 Plaza Alhambra
El Granada, CA 94018

1861 4380100
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ONCE THE PROUD OWNER OF A PERSONAL COMPUTER HAS
learned how to operate his machine. write programs. and
beat the computer at some of its games, he tends to turn
serious. He’ll prepare his taxes, perhaps file his wife’s favorite
recipes, and use his computer to keep track of his stamp,
coin, or record collection. If he owns a business, he may file
his inventory, prepare payrolls, and list bills on the com-
puter. At this point he can no longer rely on his CRT display
alone for there comes a time when the data from the com-
puter cannot be analyzed sufficiently while the user stares at
his display. He needs hard copy, on paper, to put in his brief-
case, to carry to meetings and discussions, and to distribute
to others involved in decision-making.

So it’s off to the computer store to select a printer. And
that’s where the fun (or frustration) begins. A multitude of
different models are available from close to {00 printer manu-
facturers. Salesmen will confront the puzzled buyer with a
flurry of terms such as **dot matrix,” **KSR or RO, “*daisy
wheel,”” *‘pin feed,” *‘characters per second,’’ and the like.
So. rather than face that bewildering barrage of terms un-
prepared, it is appropriate for the prospective buyer of a
printer costing from hundreds to thousands of dollars to learn
a bit about them before taking the plunge.

To start, let’s differentiate between a print head, a printing
mechanism, and a printer. A print head is the component that
creates the character on the paper. It can be a dot-matrix
impact-type, thermal non-impact-type, or one of a number of
other designs. Without the mechanical elements to move that
print head to the proper position, without the electronics to
control positioning and carriage return, the print head is en-
tirely useless.

The printing mechanism is a mechanical assembly, includ-
ing a print head, with the necessary gears and drive to per-
form the movements required for printing; it may or may not
include a cabinet or electronics section. The printer is the
complete assembly, including print head, printing mechanism,

Choosing a
printer for your personal
computer is not the simplest of tasks.
The information presented here can make it

easier for you to make your decision.

BRINTEF

cabinet, and the necessary electronics (see Fig. 1).

KSR and RO

Printers can be classified in a number of ways. First,
whether they include a keyboard to enable them to send. as
well as receive, data. A printer/terminal includes a keyboard
that permits the user to input or output data by direct con-
nection to the computer, or via a telephone line and modem.
Those two-way units are called KSR (Keyboard Send/Receive)
printers. Many manufacturers supplying KSR’s also market
similar assemblies—Iless the keyboard and output-electronics
section—that serve as one-way or Receive-Only (RO) printers.

Impact vs. non-impact

Impact printers generate a character by having the print
head strike the paper through an inked ribbon; portable and
office typewriters are common examples of impact printers.
Non-impact printers generate characters without mechanical
force: the small thermal printers in some low-cost printing
calculators are examples of non-impact printers.

Impact printers have two major advantages over their non-
impact rivals: they produce high-quality print. and can pro-
vide multiple copies. Their major drawbacks are a high noise-
level and low speed. Non-impact printers are quiet and many
are low in cost. They generally operate at much higher speeds
than impact types. Their drawbacks include the inability to
produce more than one copy at a time and the need for rela-
tively expensive paper. Also. their output is frequently less
legible than that of impact types.

Impact printers that use solid type-fonts (as opposed to
dot-matrix fonts) have their character sets on cylinders, balls
(like the IBM Selectric print-elements), drums, bands, or
wheels. As the computer informs the printer of the character
required. that character is moved into position and struck so
that an inked ribbon makes an impression on the paper. The
next character is then moved into place and the process is

WWW americanradiohistorv com
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repeated.

Non-impact printers include thermal, electrosensitive, ink-
Jjet. and laser types. While the latter two are still far too ex-
pensive for the personal-computer user, thermal and electro-
static printers are generally available for less than $1000 and
that. coupled with their quietness, makes them well suited to
home or small-business applications.

Low-cost printers (under $400) in those categories may use
narrow rolls of paper, similar to those used by printing cal-
culators, that are limited to 32 characters (or columns) per
line. Printers costing over $500 generally accept 8'4-inch
wide paper and can print 80 or more characters per line.

Generally speaking, printers selling for under $1000 are of
the dot-matrix type (with the exception of used Teletype
machines). Dot-matrix printers with special features—Ilike
very high speed, or special head or paper-movement capa-
bilities—may be more expensive.

In the $2000-and-up range are the *‘solid-character’’ print-
ers using ‘"golf balls.”* daisy wheels, or thimbles. They offer
very high print quality, suitable for business letters and
lengthy reports.

Serial printers vs. line printers

Printers can also be classified as serial or line. Serial print-
ers—which are what we are discussing here-—print one char-
acter at a time. Line printers print an entire line at a time and
are generally used where very high volume and speed are
required, as in the case of printing thousands—or even mil-
lions—of mailing labels or paychecks.

Serial printers have a single print head that moves hori-
zontally across the page, printing one character at a time. If
the printer is fast enough, it can print each character as it is
received from the computer; otherwise the data must be
stored in a buffer and fed to the print mechanism more slowly.

FIG. 1—THE MODEL IPS 5000A FROM DATAROYAL is a dot-matrix printer
with a 120 cps print speed and a tractor-type paper feed.

Line printers contain many print heads and hammers, or
print actuators—one for each column. When an entire line’s
worth of characters has been stored in the line printer’s
buffer, the print mechanism is actuated and the entire line
printed at once.

Speeds of serial printers are usually given in characters-
per-second (cps); speeds of line printers are specified in
lines-per-minute (Ipm). A low-speed line printer may be rated
at 300 Ipm, a medium-speed one at 300-600 Ipm and a high-
speed one at over 600 lpm.

Typically. dot-matrix serial printers operate at speeds in
the range of 60-400 cps. ‘‘Solid-character’® serial printers
operate at the rate of 25-60 cps.

Naturally. the high-speed line printers are considerably
more expensive than the slower serial printers. The most
popular types of line printers are drum, chain, and scanning
matrix.

Fully-formed (solid) or dot-matrix characters

Depending on the type of printer used, the characters
formed may be either fu/lv-formed (solid, typewriter-quality)
or dot-matrix.

Dot-matrix characters are formed by a series of dots
arranged in a matrix measuring from four to seven dots hori-
zontally by seven to nine dots vertically (see Fig. 2-a). Thus, a
7 X 7 matrix could have up to 7 dots in both directions.

continued on page 74

SOME QUESTIONS BEFORE BUYING

Here are some of the points you will
have to consider:
1. Will noise be a problem? If so, a

non-impact printer is recom-
mended.

. Will print quality be critical? If
the printer is to be used for
word processing or for cor-
respondence, a fully-formed-
character printer is the best
choice.

. Will multiple copies (for billing,
records, etc.) be required? If so,
a non-impact printer is ruled
out.

. Will frequent changes of type-
face be required? If so, a printer

changes on impact printers are
simple to accomplish.)

. How fast does the printer have

to be? Speed is directly related
to cost—the faster the printer,
the more expensive it will be.
There also tends to be a tradeoff
between speed and print quality—
the higher the speed, the lower
the quality.

. What form of paper transport is

required? For continuous-form
paper, or for multiple copies,
pin or tractor feed is the choice.

. Will the printer be running un-

attended? If so, it should have
alarms and/or shut-off devices
to handie "out-of-paper’ and
other situations.

. What is the maximum number

(RO) device be sufficient or will
a two way (KSR) unit be re-
quired? The obvious choice is a
RO printer, but give some thought
to future needs.

12, How reliable is the printer
manufacturer? How long has he
been in business? What have
you heard or read about his
equipment? A “steal” on a printer
whose manufacturer has gone
out of business could mean
problems should the device re-
quire parts or servicing.

Don't be afraid to ask questions—of
yourself, of dealers, and of printer owners
at local computer clubs. Remember, you'll
be spending hundreds—if not thousands—
of dollars on a piece of equipment that

1%} with interchangeable elements you’ll be depending on for years.

O (“‘golf balis” or print wheels), or of columns (characters per line) Take your time; call or write to manu-
% a programmable matrix-printer, that will be required? facturers for specifications or definitions
E will be needed. . Will both upper and lower case of terms on their data sheets. And, once
5 . Will a Iot of printing be done? If characters be required? Will you've made up your mind, visit your
= so, paper costs could become any special characters or sym- dealer and ask him to let you get some
w prohibitive if a thermal or elec- bols be needed? Make sure they first-hand experience with the printer
o trosensitive printer were used. are available. you've chosen to make sure it really is
2 (Also make sure that ribbon . Will a one-way, receive-only right for you.

o
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FIG. 2—DOT-MATRIX CHARACTERS are formed by dots in a matrix as
shown in a. The “dots” in the 7 x 9 matrix shown In b form the letter “A"".

Characters are determined by the number and positions of
the dots within the matrix, as shown in Fig. 2-b. Since the
characters are not formed from continuous lines, legibility is
not as good as that obtained from printers using fully-formed
characters. The more dots used in the matrix, however, the
better the appearance will be.

Impact-type dot-matrix printers produce characters using
a moveable print-head mechanism that consists of solenoid-
actuated pins arranged as shown in Fig. 3. As data arrives
from the computer, a character-generator ROM in the printer

HEAD

__RIBBON

FIG. 3—SOLENOID-ACTUATED PINS produce the dots that form the
characters in an impact-type dot-matrix printer.

selects the appropriate dot-pattern for the character to be
printed and energizes the solenoids required. The solenoids
cause print needles to strike the ribbon and form the dot-
pattern on the paper.

Some dot-matrix printers, instead of using a ribbon, make
use of a special paper that contains *‘micro-bubbles’’ of en-
capsulated ink. When the bubbles are struck by the print
needles they burst and release the ink.

One technique used to obtain higher-quality output from
dot-matrix printers involves multiple passes of the print head
across the same line, with the head position s/ightly offset for
each pass. That allows more dots to be printed and creates
denser, more legible, characters. The drawback, of course,
is a reduction in print speed.

A recent innovation in the dot-matrix field is the ‘‘throw-
away’’ print head. When it wears out—as will eventually
happen in any case—no expensive service is needed. You
can just unplug the wom-out head yourself and replace it
with a new one that costs about $30.

Cylinders, balls, and wheels

The earliest version of a full-character printer was the
cylinder or Teletype, which had its type on a cylinder that
rotated along a vertical axis on a moveable carriage, (see Fig.
4). As the computer requests a particular character to be
printed, the carriage moves to the correct location on the
paper and the cylinder is rotated, and also raised or lowered,
to place the proper character into position so that a hammer
can strike and force the character against the ribbon, printing
the letter on the paper. The Teletype models 33, 35, and 38
are considered noisy, slow, (10 cps) unreliable and difficult
to service—but they do fulfill the need for a low-cost printer.

The **golf-ball’* print head (see Fig. 5) developed by IBM
for its Selectric typewriters, contains a full set of characters
embossed on a sphere. Printing is performed as the ball
strikes an inked ribbon placed between the ball and the paper.
When a change in font or typeface is required, ball replace-
ment is simple and the cost for the print elements is low.
Speed is relatively slow, about 15 cps, and the mechanism is
quite noisy. However. print quality is good, and used, re-
conditioned models are available at low cost.

The daisy wheel, introduced by Diablo Systems, Inc. in
1972, is three to five times faster than the ‘‘golf-ball’’ or
cylinder types, with speeds of up to 80 cps. Its name is de-
rived from a resemblance to a flower with its petals out-
stretched (see Fig. 6). The mechanism consists of a central
hub which has up to 96 arms, each containing an embossed
character. When the required petal or character is rotated
into the proper position, a hammer strikes the petal against
an inked ribbon to produce the letter-image on the paper.
The daisy-wheel elements, available in steel or plastic, come
in a variety of typefaces and can be interchanged simply and
rapidly. Print quality is very good but noise level is some-
what high.

Thermal, electrosensitive and ink-jet printers

The thermal matrix-printer is a popular form of a non-im-
pact system. As the print head moves horizontally across the

PAPER

CYLINDER — RIBBON

PLATEN

v
MECHANICAL " —7

PRINT HAMMER

FIG. 4—CYLINDER PRINTERS USE a rotating cylinder on a movable
carriage. When the cylinder is in position, a hammer strikes it to print a
letter.
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specially manufactured paper, characters are formed as the
heating elements in the print head discolor the paper into a
dot-matrix pattern. Thermal printers are light, compact and
quiet. and the print head is inexpensive and easy to replace.
However, the heat-sensitive paper is expensive and only
one copy at a time can be produced.

The electrosensitive matrix printer requires a special
aluminum-coated paper which forms a dot-matrix pattern
when voltage is applied between the print head and a metal
plate, burning off the aluminum to expose a black layer
below. The paper travels between the print head and the
metal plate (see Fig. 7). As data is fed to the print head, elec-
trodes in the print-head housing are pulsed selectively,
causing a charge to jump between the electrode and metal
plate (rear electrode), creating black dots on the paper and
thus the character. Although the electrosensitive printer is
inexpensive and its quality is good, paper is expensive and
requires delicate handling. A newcomer to this printer
family is the laser printer which uses a low-power laser to
burn dots off of a specially-treated paper.

RIBBON ~

7 R ;/Z\n}\\ - 77
,': ) ( -\‘ “) R/
‘BOLFBALL — }M RIS \(,"v‘_,//PAPER
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FIG. 5—THE IBM SELECTRIC PRINT HEAD is a “golf-ball” like sphere
embossed with a full set of characters.
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FIG. 6—A DAISY-WHEEL printer is much faster than a Selectric or cylinder-
type. The print wheel gets its name from its resemblance to the flower.

Ink-jet printing is a non-contact process. Neither cylinders
nor *‘golf balls” nor ribbons touch the paper. In an ink-jet
mechanism, ink is pumped through a tiny nozzle, forming a
steady stream of fluid; the nozzle is vibrated to modify the
stream into a series of droplets rather than a steady flow. As
an individual droplet ieaves the nozzle and is directed towards
the paper, its position is controlled so that its final place-
ment, relative to other released droplets, will form the de-
sired characters.

Several droplet-placement techniques are in use, including
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system/monitor makes it easy to learn computing in
several important ways: ® [t allows simpler. faster wril-
ing and entering of programs @ It permits access by you
to all parts of the system so you can check on the status of
any point 1n the program @ 1t allows tracing each pro-
gram step by step, with provisioo for displaying all the
contents of the CPU (registers. flags, etc.) ® and
does much more!
You get alt this in the starting level (Level A) of the
Explorer/8s for anly $128.85. Incredible! To use. just
lug in your 8VDC power supply and terminal or
eyboard/display — il you don't have them. see our
apecial offers below.
[ Level A computer kit {Terminal Version) ... $120.98
plus $3 P&L*
0 Level A kit (Hex Keypad/Display Version) . .- $120.98
plus 53 PaL°
LEVEL B — This "building block” converts the maother-
board into a two-slol 5100 bus (industry standard) com
puter. Now you can plug in any of the hundreds of 5100
cards available.
O Level Bkit. .. $48 3 plus $2 P&l *
O S100 bus connectors (two required) ... $4.86 each.
postpaid,
LEVEL C — Add s1ill more
compuling power, this “build-
ng block” mounts directly on
he motherboard and expands
he $100 bun to six slots
O Level Ckil . . .$39.98 plus 82|
P&l

O $100 bus connectors (five,

required) ... $4.85 each.

postpad. :

LEVEL D — When you reach the poini in learning thai re-
quires more memory, we offer two chaices. either add 4k
of a memory directly on the motherboard, or add 18k to
84k of memory by means of a single $100 card, our famous

3 &CHECK ONE).. .0 dkon-board . .. $49.96
plus $2 P&1%: O 16k $100 “[AWS™: ... $148.95 plus $2
Pal1*:0 32k 5100 JAWS™ . $199.85 plus $2 P&I*.(] 4Bk

00 “JAWS™ .. $249.98 plus $2 P&1*: O 64k 5100
"JAWS” . $290.85 plus $2 P&I1°.
LEVEL E — An important "building block:" it activates
the Bk ROM/EPROM space on the motherboard. Now just
plug in one 8k Microsoft BASIC or your own custom
programs.
O Level E kit ... $5.98 plus 50¢ P&l.*
Microsoft BASIC — It's the language that allows you to
talk English to your computer: It is available three ways:
O 8k cassette version of Microsoft BASIC: (requires Level
B and 12k of RAM minimum: we sugges! a 18k S100
“JAWS" — see above) . . $64.98 posipaid
O 8k ROM version of Microsoft BASIC (requires Level B
& Level E and 4k RAM: just plug into your Level E sockets.
W sugges! either the 4k levelu% RAM expansion or a 16k
S100 “JAWS ) . $80.98 plus $2 Pal.*
O Disk version of Microsaft BASIC: {requires Level B.
32k of RAM. floppy disk contraller, 8" Nloppy dlsk drive}
. $325 postpaid.

TEXT EDITOR/ASSEMBLER — The editor/assembler
isa software tool {a program) designed 1o simplify the task
of writing programs. As your programs become longer
and more complex. the asssmbler can save you many
hours of programming time This software includes an
editor program that enters the programs you write. makes
changes, and saves the programs on cassettes. The assem-
bler performs the clerical task of translating symbolic
code into the computer-readable object code. The editor/
assembler program is available either in cassette or a
ROM version

O Editor/Assembler (Casseite version: requires Level
“B' and 8k (min.) of RAM — we suggest 18k "JAWS" —
see above) . . . $88.95 plus $2 PAL *

O Editor/Assembier (ROM version. supplied on an $100
card; requires Level B and 4k RAM (min,) — we suggest
either Level Dor 18k "JAWS") . . $88.95 plus $2 P&1.*
8" FLOPPY DISK — A remarkable “hutlding block.
Add our 8” floppy disk when you need faster operation.

more convenient program storage, perhaps a business ap-
plicahion, and access to the Iila':ﬁfy thousands of programs
and program languages available today, You simply plu
them nto your Explorer/85 disk system — it accepts aﬁ
1BM-formatied CP/M programs.

O 8" Fioppy Disk Drive . .. $488.85 plus $12 P&L*

O Floppy Controller Card . . $198.95 plus 2 P&!.°

O Disl snve Cabinet & Power Supply $6% .95 plus
$3 Pal”

O Drive Cables (sel up far two drives)
$1.50 P&L*

O CP/M 2 2 Disk Operating System: includes Texi
Editor/Assembler, dynamic dehugger, and other features
that give your Explorer/85 access ta thousands of existing
CP/M-based programs . . $150.00 postpaid.

NEED A POWER SUPPLY? Consider our AP-1, It can
supply all the power you need for a fully ded Ex-

$25.00 plus

4. Plug in Level E here, o

1. Plug in Netronic's Hex Fd itorf Assembler in HOM
Keypad/Displa 5. Add two 5100 hoards

2 Add Level B to convert to 6 Add you own custom eir-

rits {prototyping area}

5100
3. Add 4k RAM 7. Connect terminal

cepts Microsof, HASIC or

a CRT monitor or a TV set ({f you have an RF modulator).

O Hex Keypad/Display kit $69.958 plus $2 P&L"

S

O ASCIl Keyboard/Computer Terminal kit featuri

full 128 characier sel, u&] case. full cursor conti ohm
video output. convertible to
baudol output, selectable baud
rate. RS 232-C or 26 ma 1/0, 32
or 64 character by 16 line for-
mais .. $149.95 plus $1P&L"

O Steel Cablnet for ASCIT Keyboard/Terminal
plus $2.50 P&L*

O RF Modulator kit {allows you to use your TV sef as a
monitor) . . . $8.95 postpaid

3 12”7 Video Monilor (10MHz bandwidth) .. $139.95
plus $5 P&1.*

[ Deluxe Steel Cabiné for the
Explorer/as , $49.95 plus §3
P&l *

$19.95

O Fan for cabinet $15.00

plus $1.50 P&L.*

ORDER A SPECIAL-PRICE
EXPLORER/85 PAK —THERE’S
ONE FOR EVERY NEED.

O Beginner Pak (Save $26 00) — You get Level A (Ter-
minal Version) with Monitor Source Listing (825 value)
AP-1, 5-amp. power supply, Intel 8085 Users Manual
gh, . $199.85) SPECIAL $189.95 pius $4 P&1L.°
Expenmenler Pak (Save $5340) — You gei Level A
(He» Keypad/Display Version) with Hex Keypad/
isplay. Intel 8085 User Manual. Level A Hex Monitor
Source Listing. and AP-1,5-amp power supply (Reg.
$279 95) SPECIAL $219.95 plus $6 P&l *
O Special Microsoft BASIC Pak {Save $103.00)— You gel
Levels A (Terminal Version). B. D (4h RAM). E. 8k
Mic.osoft in ROM, Intel 8085 User Manual, Level A Moni-
lor Source Listing. and AP-1. 5.amp. power supply
{Reg. $439.70) SPECIAL $329.95 plus §7 P&!1.°

O ADD A ROM-VERSION TEXT EDI-
TOR/ASSEMBLER (Requires Levels B
and D or $100 Memory) . . . $99.95 plus
$2 P&l.*

Starter 8" Disk System — Includes Level A. B floppy disk
controller. one CDC 8" disk-drive, iwo-drive ca%le. two
$100 connectors. just add your own power supplies,
cabinets and hardware 0] (Reg $1065.00) SPECIAL
$999.95 plus $13 P&1.° .1 32k Starter System, $1045.98
plus $13 P&L* O 48k Starter System, $1085.95 pius $13
P&l * (3 84k Starer System, $1145.88 plus $13 P&i *

O Add to any of above Explorer steel cabinet, AP-1 five
amp. power supply. Level C with two $100 connectors.
disk drive cahinet and power supply, twa sub-D connec-
1ors for connecting your printer and terminal (Reg,
$225 95) SPECIAL $199.95 plus $13 P&1.*
O Complete 4k System, Wired & Tested
plus 526 P&1.*

O Special' Complete Business Software Pak (Save
5625 00) — Includes CP/M L 2 Microsoft BASIC. General
Ledger. Accounts Recewvahle Accounts Payable. Payroll
Package . . (Reg $1325) SPECIAL $698 85 postpaid

$1650.00

“P&1 stands for “pastage & insurance.” For Cunorian or-
ders, double this amount.

Continental Credit Card Buyers Quiside Connecticut:

TO ORDER
Call Toll Free: 800-243-7428

To Order From C i or For
Assistance, call (203) 354-9375

* (Clip and mail entire ﬂd)*

SEND ME THE ITEMS CHECKED ABOVE

‘Toal Enclosed (Conn. Residents add sales tax). §
Paid by:

Techni

O Personal Check [J Cashier's Check/Money Order

O VISA O MASTER CARD (Bank No.

Acct. No - Exp. Date -

lorer/8s {note: disk drives have their own power supply}
Jus the AP 1 fits neatly into the attractive Explorer steel
cabinet (see below),
O AP-1 Power Supply kit (BV @ 5 amps) in deluxe steel
cabinet .  $39.95 plus $2 P&l.* > i
NEED A TERMINAL? We
offer you choices the leasi ex-
pensive one is our Hex -‘
Keypad/Display kit that dis-
plays the information on a

Keyboard/Computer Terminal L

NN SN NS RN NEEEN eSS OO NN S I A NS P SN E NS TN TN U NN NN PRI R TS

kit. that can be used with either
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333 Litchfield Road, New Milford, CT 06776
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clectrostatic deflection, controlled nozzle movement, and
controlled paper movement. Another technique involves the
use of a number of independent nozzles tightly packed into a
print head with selective firing of individual nozzles deter-
mining character creation. In the ‘‘drop-on-demand”’ tech-
nique. shown in Fig. 8, an electrical signal is converted into
a pressure pulse in the ink chamber. That causes droplets of
ink to be discharged from the independently controlled ejec-
tion chambers and form printed characters.

Serial vs. parallel transmission

Computers transmit data to a printer in either serial or
parallel format. In serial transmission, single bits of a byte
follow each other in a steady stream; in parallel transmission,
all the bits required to define a character are routed along
parallel wires at the same time. Therefore, serial transmis-
sion is slower than parallel transmission. However, only one
communications channel is required for serial transmission
which means that serial data can be transmitted over a tele-
phone line; in addition, serial data can be transmitted over a
longer distance than paralle! data without the need for special
amplifying repeaters.

Serial data-transmission can be synchronous or asyn-
chronous. In synchronous transmission, it is necessary for
the system to be aware of the exact time-position of each
data byte representing a character to be fed to the printer.
The flow of characters is split into blocks, with all bits in
each block transmitted at equal time intervals. Even if no
data is fed during a brief time period, data bits, called
“*nulls,”” must be used to fill in the blocks. Stable oscillators
act as clocks at both ends of the transmission to maintain
synchronization and precise timing. The computer, acting as
the transmitter, starts each block with a series of synchroni-
zation signals to denote the start of a block and thus syn-
chronize the oscillators: the block is generally ended with an
error-checking character.

Asynchronous transmission is less complex and does not
rely on precise timing-blocks. The receiver (printer) and
transmitter (computer) are synchronized by a ‘‘start bit”
which is inserted before the bit-pattern for a character and a
“'stop bit’’ added after the character. Specific spacing be-
tween bytes is not required; however, it is necessary to
establish the baud rate, or transmission speed in bits-per-
second, between the transmitter and receiver. Commonly

REAR ELECTRODE

PAPER SUPPLY

- NiBS

PRINT HEAD
DRIVE ROLLER

FIG. 7-—-AN ELECTROSENSITIVE PRINTER uses a spark from the print
head to ““burn’ dot-matrix characters on specially-treated paper.

INDEPENDENTLY

PRESSURIZED CONTRDLLED
SUPPLY CARTRIDGE INK EJECTION
CHAMBERS

PRINT HEAD

PRINT
SURFACE

Y

INK SUPPLY LINE /

INK FILTER

ELECTRICAL INPUT
FIG. 8—INK IS DISCHARGED from independently-controlled ejection

chambers to form letters in the *drop-on-demand” technique.

PLATEN

SPROCKET HOLES

PAPER GUIDE

LAUEY PINS MDUNTED IN PLATEN

b

FIG. 9—A FRICTION PAPER-FEED SYSTEM:(a) works well if just one
copy is required. For multiple copies, a pin-feed system (b) can be used.

used baud rates are 110, 300, 600, 1200, 2400, 4800, 9600, and
19,200.

Paper-feed mechanisms

An important, and commonly overlooked, consideration in
printer selection is the paper-transport arrangement. The
three common transport mechanisms are friction feed, pin
feed, and tractor feed.

In a friction-feed system, like that used in an office type-
writer, gear-driven rollers hold and move the paper (see Fig.
9-a). The system is simple and relatively trouble-free, pro-
vided a single sheet of paper is used; when multiple sheets are
loaded, it is not uncommon for them to become misaligned.

To solve that annoying problem, pin-feed systems (Fig.
9-b) were developed. Metal pins are mounted around the
outer rim of the platen and engage holes punched in the outer
margins on the paper. That arrangement allows long rolls of
paper (with multiple copies if desired) to be used without
alignment problems. Since the pins are at a fixed distance
apart on the roller, only one width of paper can be used.

To accommodate a variety of paper widths, the tractor-
feed mechanism was developed. The pins in the platen are
eliminated and adjustable sprockets are connected to two
chain-drives that slide on rods extending the width of the
paper opening. A gear train, driven by the paper-feed drive-
motor, turns the sprockets, which pull the paper as a tractor
would pull a cart. The sprockets can be moved and locked to
handle any paper width. R-E
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PRINTER MANUFACTURERS

For more information from the manufac-
turers listed below, circle No. 98 on the
Free Information card inside the back
cover.

ANACOM GENERAL CORPORATION
Computer Products Division

1116 E. Valencia Drive

Fullerton, CA 92631

ANADEX;, INC.
9825 De Soto Ave.
Chatsworth, CA 91311

APPLE COMPUTER COMPANY
10260 Bandiey Drive
Cupertino, CA 95014

AXIOM CORPORATION
5932 San Fernando Road
Glendale, CA 91202

BASE 2, INC.
P.O. Box 3548
Fulierton, CA 92634

CENTRONICS DATA COMPUTER
CORPORATION

1 Wall Street

Hudson, NH 03051

C. ITOH ELECTRONICS, INC.
666 Third Ave.
New York, New York 10017

COMMODORE BUSINESS MACHINES
950 Rittenhouse Rd.
Norristown, PA 19403

DATAPRODUCTS
6200 Canoga Ave.
Woodland Hills, CA 91365

DATAROYAL
235 Main Dunstable Road
Nashua, NH 03060

DATASOUTH COMPUTER CORPORATION
4740 Dwight Evans Road
Charlotte. NC 28210

DIABLO SYSTEMS, INC.
24500 Industrial Bivd.
Hayward, CA 94545

DIGITAL EQUIPMENT CORP (DEC)
129 Parker Street

PK3/M18

Maynard, MA 01754

DIP, INC.
745 Atlantic Ave.
Boston, MA 02111

EATON PRINTER PRODUCTS
Technical Industrial Park
Riverton, WY 82501

EPSON AMERICA, INC.
2384 Hawthorne Blvd.
Torrance, CA 90505

GENERAL ELECTRIC COMPANY
GE Drive
Waynesboro, VA 22980

HEATH COMPANY
Benton Harbor, Ml 49022

HOWARD INDUSTRIES
1 North Dixie Hwy.
Milford, IL. 60953

INTEGRAL DATA SYSTEMS, INC.
Milford, NH 03055

LEAR SIEGLER, INC.

714 N. Brookhurst St.
Anaheim, CA 92803

MALIBU ELECTRONICS
2301 Townsgate Road
Westlake Village, CA 91361

MICROTEK INC.
9514 Chesapeake Drive
San Diego, CA 92123

MPI
4426 South Century Drive
Salt Lake City, UT 84119

NEC INFORMATION SYSTEMS, INC.
5 Militia Drive
Lexington, MA 02173

OKIDATA CORPORATION
111 Gaither Drive
Mt. Laurel, NJ 08057

QUME CORPORATION
P.O. Box 50039
San Jose, CA 94140

RADIO SHACK
1400 One Tandy Center
Fort Worth, TX 76102

SANDERS TECHNOLOGY, INC.
Columbia Drive
Amherst, NH 03061

TELETYPE CORPORATION
5555 Touhy Ave.
Skokie, IL. 60077

TEXAS INSTRUMENTS, INC.
P.O. Box 225012

M/S 84

Dallas, TX 75265

TRENDCOM
480 Oakmead Parkway
Sunnyvale, CA 94086

XEROX CORPORATION
Xerox Square
Rochester, NY 14644

XYMEC

17905 Skypark Circle, Suite J
Irvine, CA 92714

WWW._americanradiohistorv.com

COOKUP NEW
HOOKUPS
FOR YOUR

TRS-80

You'll be fascinated by the
applications available to you with
the TRS-80. All you need is a fairly
good understanding of Level
BASIC, and TRS-80 INTERFACING,
BOOKS 1 & 2, from Sams.

Book 1 introduces you to the
signals within your TRS-80 and
how they can be used to control
external devices, as well as
instructions on how to construct
and test several interface circuits.

Book 2 details the more advanced
interfacing technigues. You'll
learn how to use your computer
to drive high current and high
voltage loads . . . how to generate
voltage and current signals used
in a variety of control applications
and much more. Book 2 also
contains complete software
examples.

If you own a TRS-80, don't be
without these two important
books. If you order now, you can
be cooking up new hookups by
this time next week!

I
Booy 4 4 frec 2
TRS 5-80
INTERFAGNG  priRFACING

A

Mail to: Howard W. Sams & Co., Inc., 4300 Westl
62nd St. PO. Box 7092, Indianapolis, IN 46206.[
Quamityl

TRS-80 Interfacing, I

Book 1 No, 21633 $ 8.95
TRS-80 Interfacing, |
Book 2 No. 21739 $10.95

No. 21765 $18.50
Amount of order $
Add handling costs $._2:90

Add local sales tax where applicable $.
Total amount of order $_ I

Two Volume Set

Payment Enclosed Check Money Order I
VISA MasterCard Interbank No. _
Account No. Expiration Date
Name (print)
Signature
|Address. _ —
City_State_ . Zip— = I
call toli-free 1-800-428-3696 for the name of your
I \oca(li $aerSB§ok ?utcl)eé or to ordezr/zlvg/g;ohe. Offerl

good in U.S.A.only. er expires s
e e

CIRCLE 22 ON FREE INFORMATION CARD

1861 4390100
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Whether it's a orinter in Peoria, a terminal in Texas, or a data base
in Denmark, your computer can communicate with it using a modem
and a telephone.

LIFE CAN BE SIMPLE AND UNCLUTTERED IF YOU ARE CONTENT TO
have your keyboard and printer at arm’s length from your
computer. If you are satisfied writing and running your own
programs, with contact to the outside world limited to read-
ing magazine articles, purchasing pre-packaged programs
and exchanging ideas with others via computer clubs, letters
and/or phone calls. then that’s fine.

But should you decide to expand your world, and tie your
personal computer 10 a time-sharing system—or write your
output to a distant printer or terminal—you suddenly are
involved with data trasmission and the need for a modem
{Modulator-DeModulator). Your cemputer can send its data
stream to a remote terminal over telephone lines with a
modem at each end. The modem at vour end converts the
digital bits to a more convenient form to transmit over the
phone lines. and another modem at the distant location re-
stores the original stream of data bits

Similarly, if you wish to make use of the rapidly-growing
time-shared computer networks, such as the Source or
MicroNet a modem must be inserted between your terminal
{or computer) and the telephone line.

Why are modems necessary? Why not simply route com-
puter signals along the telephone wires to a peripheral de-
vice such as a printer or remote terminal?

Telephone lines were designed to carry audio signals in
the 300 Hz to 3500 Hz range. Frequencies below 300 Hz are

attenuated and thus a stream of data pulses routed along
such a line would suffer waveform distortion as shown in
Fig. 1. Here a logic-pulse train of three O's is followed by
five 1's as shown in Fig. 1-a. If this pulse train were to be
transmitted over the telephone lings, then attenuation would
result as shown in Fig. 1-b. Many of the logic 1’s transmitted
over the telephone line would be recognized as 0’s at the
remote peripheral, with resultant errors.

Since the telephone line is optimized to handle the 300-Hz
to 3500-Hz frequency range, it is practical to convert the
data bits to sine waves or sinusoidal tones that can be trans-

FIG. 1—A& STREAM OF DATA PULSES (a) would be distorted (b) if sent
over a tetephone line because of the bandwidth limitations of that line.

WWW.americanradiohistorv.com



mitted without distortion. Computer data is in the form of
pulses—a pulse represents a logic-1 level, the absence of a
pulse represents a logic-0 level, as shown in Fig. 2. Thus, a
pulse or digital signal has two distinct states with nothing in
between.

An analog signal, or sinusoidal signal, is a continuously-
varying voltage, as shown in Fig. 3; its frequency and ampli-
tude remain constant as long as nothing is done to alter or
modulate it. In that form, the sinusoidal voltage is termed a
carrier and, since it is at a fixed frequency and amplitude. it
conveys no information. However, if its amplitude were de-
liberately changed—such as reduced to zero for a few sec-
onds—and then allowed to return to its original condition, it
would convey information that some input had caused the
change in the carrier.

As an example, the light beam in a photosensitive burglar
alarm system sends a steady beam of light from a lamp.
across a doorway, to a detector. The beam is a carrier that
conveys no information until someone passes through the
doorway, interrupting the light beam; the short duration
during the absence of light at the detector conveys informa-
tion that something has changed the carrier. Changing or
altering the carrier is termed mgm%;ﬁgg}ion.

0 1 0 0 0 0 0 1
FIG. 2— IN COMPUTER DATA, a pulse represents a logic-1, the absence
of a puise a logic-0.

AWANAWAWA
(VAAVIAVIAVIRV/

FIG. 3—THE FREQUENCY AND AMPLITUDE of a sinusoidal signal re-
main constant as long as it is unmodulated.}

AM, FSK, and PSK

The three common techniques used to modulate or alter a
fixed-frequency signal (carrier) are: amplitude modulation
(AM), frequency modulation (FM), or phase modulation
(PM).

With amplitude modulation, Fig. 4, the level or intensity
of a constant-frequency sinewave is varied. For example, an
increase in amplitude could signify a logic-1 level while a
decrease in amplitude would signify a logic-0 level.

In frequency-modulation, shown in Fig. 5, the amplitude
of the sinewave is kept constant but the frequency of the
carrier is changed. For example, a logic-1 levei:could be
represented by a carrier frequency of 1270 Hz; a 1070-Hz
tone could be generated if the logic state changes to a 0. The
term FSK (frequency-shift keying) is often used to indicate
that the carrier’s frequency is shifted between two distinct
frequencies to designate logic 1's or 0s.

Phase modulation, shown in Fig. 6, involves instantaneous
changes in the phase of the carrier relative to a fixed ref-
erence phase angle. A standard sine wave starts at zero am-
plitude and zero phase angle, rises to a peak positive ampli-
tude at 90 degrees, and drops to zero at 180 degrees before
returning to zero at 360 degrees (see Fig. 3.) It is possible to
represent a logic-1 level as a signal with a particular phase
angle and a logic-0 level as the same amplitude, same fre-
quency carrier but displaced in phase by 180 degrees (see
Fig. 6.) A phase-detector circuit can be used to detect the
phase of the carrier and thus determine whether a logic 1 or
logic 0 is present. That technique is called PSK or Phase-
Shift Keying.

It is possible to combine amplitude modulation (AM) that
has two states (high or low) with phase modulation, which

FIG. 4—IN AMPLITUDE MODULATION (AM), a change of amplitude Is
used to convey information.

A

FIG. 5—THE FREQUENCY OF A CARRIER is varied while the amplitude
is held constant in frequency moduiation (FM).

180° PHASE
SHIFT

REFERENCE

FIG. 6—IN PHASE MODULATION (PM) if a logic-1 is a signal with a par-
ticular phase angle, a logic-0 Is the same signal shifted in phase 180
degrees.

can be extended to four phase shifts, to provide eight signai-
state conditions; that technique is termed quadrature phase
modulation. Using that technique, data rates as high as 9600
bits-per-second are achieved.

Frequency modulation or FSK is most commonly used for
modems operating at 300 bits-per-second or less.

Parallel-to-serial interface

Letters or characters generated by a computer are generally
coded in an 8-bit ASCII (American Standard Code for /n-
formation /nterchange) set. ASCII is a seven-bit code with
128 combinations for letters, numerals, and control functions.
During serial transmission, the ASCII code is sent as an
eight-bit word, with the additional bit used for parity or error
checking. Those bytes of information, containing eight bits
or pulses, cannot be sent over the conventional two-wire
telephone line; the parallel or simultaneous transmission of
bits must first be converted to a serial transmission, with
bits moving along the phone line one at a time. The necessary
parallel-to-serial conversion is performed by a RS-232 serial

interface. :
Assume that the computer is transmitting the letter *‘r’.

represented by 01010019 in the ASCII code: The seral
interface would accept the simultaneous group of bits
and output them one bit at a time. as shown in Fig. 7. The
string of bits would be represented by voltage levels of 0 and
+5 for a logic 0 and a logic 1. respectively. Those pulses
would then be fed to the modem that would convert them
into audio tones. Those audio tones would be transmitted
along the phone lines to the distant computer or terminal.
where a receive modem would convert or demodulate the
audio tones to their binary equivalents.

The RS-232 interface standard, adopted by the Electronic
Industries Association (EIA), is the equivalent of the interna-
tional CCIT TV24 standard. The 25-pin connector arrange-

wwWw americanradiohistorv com
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SERIAL [ 01010010 MODEM

INTERFACE (MDDULATOR)
’/}

=] 1Y =Y e E=Y B K=}

TELEPHONE MODEM
LINES [ ] (DEMODULATDR} [
01010010

FIG. 7—ALL OF THE COMPONENTS required for serial communications
are shown in this generalized block diagram.

CLEARTD SEND

DATA SET READY
(FOR MODEM USE)

REQUEST TD SEND [

RECEIVE DATA
(SERIAL DATA IN HERE) ™ |

TRANSMIT DATA
(SERIAL DATA QUT HERE) —“

FRAME GROUND

———SIGNAL GRQUND

CARRIER DETECT
(FDR MODEM USE}

(51'&2 330 Y5 Y6 17 880901001101207
%)

‘ \ 014015016017018019620021022023024025

TRANSMIT CLOCK -

— RECEIVE CLDCK —— 1
1 EXTERNAL

TRANSMIT CLOCK

DATA TERMINAL
(DR PERIPHERAL)
READY

RING INDICATOR

DATA
SYNCHRONIZING
CLOCKSFOR
SYNCHRONDUS
DATA
TRANSMISSION
ONLY

FIG. 8—THE FUNCTION OF EACH PIN in the RS-232 interface standard is
shown here. The +12-volt input shown in Table 1 have been omitted.

TABLE 1—MODEM INTERFACE FUNCTION

PIN
NUMBER SYNCHRONOUS ASYNCHRONOUS
1 Frame ground Frame ground
2 Transmit data Transmit data
3 Receive data Receive data
4 Request to send Request to send
5 Clear to send Clear to send
6 Data set ready Data set ready
7 Signal ground Signal ground
8 Carrier detect Carrier detect
9 - +12v
10 -—- —12v
15 Transmit clock
17 Receive clock
20 Data terminal ready Data terminal ready
22 Ring indicator Ring indicator
24 External transmit

clock

ment used for modems involved with serial data transmission
is shown in Fig. 8. Table 1 lists the pin functions for modems
that are used for synchronous and asynchronous transmis-
sion.

Although EIA does not define how data is to be trans-
mitted, it does define the control functions and their use. It
also standardizes the pin connections on a 25-pin interface
connector; the computer or terminal holds the male cgnnec-
tor while the modem uses the female 25-pin connector. Ter-
minals can be connected to a computer if cable length is less
than 50 feet: for lengths extending to hundreds of feet. errors
due to lost bits or extraneous noise-pickup may compromise
the system.

If distances within a building involving several terminals
exceed 50 feet. line drivers may be used at each terminal and
at the computer. The line driver is basically a signal con-
verter to amplify digital signals routed from an RS-232 inter-

'(fiage connector; twisted-pair wires can be used between line
rivers.

Simplex, half duplex, full-duplex

Data can be transmitted between a computer’s I/O port
and a peripheral device by simplex, half-duplex (HDX). or
full duplex (FDX) modems. Simplex modems allow trans-
mission in one direction only and thus are not often used. In
a half-duplex system, data may be sent in either direction
but not simultaneously. With full-duplex modems. trans-
mission can take place in both directions at the same time.
With full-duplex, two telephone channels are required,
while simplex and half-duplex modems require only one.
Most modems are designed for either half-duplex or full-
duplex operation.

Modems are available for long-haul (extremely long dis-
tances) or short-haul (relatively limited distances). Long-
haul modems are capable of satisfactory performances over
thousands of miles of regular telephone or leased lines.
Short-haul modems. generally slightly less expensive than
long-haul versions, are designed to operate over limited dis-
tances with short, leased lines. There is no specific industry
standard or definition for short- or long-haul distances.
Modems may be classified by the speed of operation with
these definitions. Low-speed: up to 600 bits per second;
medium-speed: up to 2400 bits-per-second; high-speed: up
to 9600 bits-per-second: and wideband: above 9600 bits-per-
second. It is common to refer to data-transmission speed as
baud or bits-per-second; however, this is strictly true if the
transmission system only involves two signal states (on or
off). as is the case with a computer.

Peripherals, such as a slow-speed printer, must operate
at the same baud rate as the modem. Thus modems with
multiple transmission rates may include a switch (or wiring
connections) to match the data-transfer rate of the modem
to the printer. For most installations, modems are hooked
up to a dial-up line in a standard telephone network or per-
haps an AT&T leased line; for short distances, one or
several twisted pairs of wires may be used. When modems
are used with the Bell telephone network. signals are limited
to a specified level to avoid line overload and interference.
Modems carrying FCC approval can be connected directly
to the phone lines: otherwise. users must include a Data
Access Arrangement (DAA). which is an FCC-approved
interface. between the modem and telephone circuit.

Here’s a simple example of how a modem would transmit
and receive data in a full-duplex system (see Fig. 9).

The ASCII output from the computer, converted to serial
form. is routed to the send modem that converts the logic
state of 0 to a frequency of 1070 Hz and a logic 1 to 1270 Hz.
The frequency-shifted (or FSK) signals are then sent along
the telephone lines to a distant location where a receive
modem accepts the signals from the telephone line via a band-
pass filter that passes signals in the range of 950 to 1500 Hz
and rejects all other frequencies. The 1070-Hz tones are
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FIG. 9—THIS BLOCK DIAGRAM SHOWS how a modem would be used to
transmit and receive data in a full-duplex system.

converted back to logic 0’s and the 1270-Hz audio signals to
logic 1’s, restoring the original string of ASCll-coded pulses.

Now, the operator at the distant location may wish to send
data or instructions back to the main computer to answer or
respond. The keyboard output, in the form of ASCllI-coded
pulses, is fed to the modulator at the receiver modem
where a logic 0 state generates a 2025-Hz audio tone and a
logic 1 develops a 2225-Hz tone. Those audio signals are
sent back, along the same telephone wires, to the main com-
puter. At the main computer, a bandpass filter accepts the
2025-Hz and 2225-Hz signals and rejects other tones before
they reach the demodulator. At the demodulator, the 2025-
Hz and 2225-Hz tones are converted back to their logic 0’s
and logic 1's. Since two different sets of frequencies (1070-
1270 Hz and 2025-2225 Hz) are used together, specially-de-
signed bandpass filters are required to make the full-duplex
system feasible using only one set of telephone lines.

Some modems on the market are available as originate
only or answer only; although those units are less expensive
than modems that include both originate and answer, they
are obviously limited in performance.

An originate-only modem converts the logic 1's and s to
the 1070/1270-Hz tones that are sent over the telephone
Iines. It cannot, however, receive tones in that frequency
range. It can only receive tones in the 2025/2225-Hz tones.
Therefore, two originate-only modems cannot talk to each
other. This type of modem is the kind that you will probably
use with your home computer.

An answer-only modem converts logic 1's and G’s to the
2025/2225-Hz tones, but it cannot receive these tones. It can
only receive 1070/1270-Hz tones. Some answer-only
modems have the capability to answer the telephone and
connect the computer to the telephone line. A modem with
answer and originate capabilities can both send and receive
data on both tone pairs. That kind of modem can therefore,
carry on a conversation with either an originate-only or an
answer-only modem.

Synchronous vs. asynchronous transmission

Data is in the form of a stream of logic 1's and 0’s. repre-
senting letters, numbers, and symbols. As they are trans-
mitted over the telephone lines. some method of synchroni-
zation—either synchronous or asynchronous—at the send-
ing and receiving ends is required to maintain the bit code.

Asynchronous transmission involves defining the beginning
and end of each individual character or 8-bit byte sent over
the lines. The word asynchronous can be misleading since it
implies no synchronization. Actually, a begin and end (or
start and stop) bit is inserted between each 8-bit word to
synchronize the transmitter and receiver; a parity bit is in-
cluded to detect errors.

RECEIVE MODEM

1070-1270 Hz 2025-2225 Hz
QUTPUT SIGNALS SIGNALS
MODULATOR <« MODULATOR fed——y
2025-2225 Hz 17 1070-1270 Hz
COMPUTER SIGNALS ¢y TELEPHONE o | OsqGNAES
LINE I
INPUT
" BANDPASS BANDPASS
DEMODULATOR S CILTER DEMODULATOR ————1
0UTPUT
FROM KEYBOARD
INPUT TO CRT LERMINAL

THE MODEL VA3451 direct-connect modem from Racal-Vadic.

LETTER 'R
VAN
/ | \
vl oolel el ool el
(MARK) |
STOP STOP A PARITY STOP STOP
START
(SPACE)

FIG. 10—AN ASYNCHRONOUS TRANSMISSION of the letter “R” with:

start, stop, and parity bits.

Synchronous transmission does not involve individual
timing signals for each character: instead. timing signals are
provided for long, lengthy stretches or blocks of data flow.
Thus, there are no start and stop bits between characters.

Binary data transmission may be expressed as one of two
conditions, mark for a binary | and space as binary 0. shown
in Fig. 10. In asynchronous transmission, the transmitter
rises to a mark condition at the end of each byte and remains
at that level until the next byte is heralded by a space: thus,
the mark at the end of the byte is the stop bit and the space at
the beginning of the byte is the start bit. Those two syn-
chronization bits permit the receiver at the end of the line to
lock in or sync with the transmitter. However. an 8-bit byte
requires an additional two bits to signal when a byte is
arriving and is completed: those bits do not convey data and
thus the system is relatively inefficient. The clock or timing
signals at the transmitter and receiver are synchonized or
locked each time a byte arrives; there may be lengthy
periods (in the fast nanosecond world of computers) when
bytes are not transmitted. However, as a new byte appears,
synchronization will again take place. Asynchronous trans-
mission of the letter **R’’ with start. parity. and stop bits
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included, is shown in Fig. 10. If data bits would be sent in a
continuous stream, efficiency would be increased. For high-
speed data, synchronous transmission is used whereby the
transmitter clock triggers the receiver clock and is allowed
to run for a lengthy sequence of bytes or blocks of data.
Bytes are transmitted in a rapid, steady stream: in the event
that gaps occur in the data flow, the transmitter must inject
idle-bytes to maintain synchronization. The synchronous
transmission system is initiated by a predetermined bit pat-
tern or code sent by the transmitter.

Hard-wired modems vs. acoustic couplers

Modems are available either as hard-wired (sometimes
called direct connection) or acoustic coupled. The hard-wired
units are connected to the telephone lines directly by means
of a plug fitted into the telephone’s wall jack. An acoustic
coupler, shown in Fig. 1I, is designed to accept the
telephone handset physically; the analog/digital signals en-
tering and leaving the telephone lines are fed to the modem
through tight-fitting. soundproof rubber cups to reduce ex-
ternal noise that might enter and upset transmission. ASCII
input (in serial form) from the computer is fed to the modula-
tor which converts logic-0’s and 1’s to either of two tones,
FSK audio signals are converted to logic-1's and 0's by the
demodulator to reproduce the ASCII coded information.

l

TELEPHONE
HANDSET

ACOUSTIC

PIECE COUPLING EARPIECE
1t ;
1 [
“ W MODEM |
|
: SPEAKER MICROPHONE |
| |
] MODULATOR DEMODULATOR :
!
| S—— _f _______ 1. - —_
ASCII ASCII
INPUT oUTPUT

FIG. 11—AN ACCOUSTIC COUPLER is designed to pass and receive
information through a telephone’s handset.

tightly pressed against the mouthpiece of the telephone
handset: the audio tones are then transmitted along the
phone lines. Assuming that a full-duplex system is used,
incoming audio tones reach the earpiece of the handset.
which is closely coupled to a microphone. The two-tone
FSK audio signals are converted to logic I's and 0's by the
demodulator to produce the ASCII coded information sent
by the distant computer or terminal.

Hard-wired modems are generally more expensive than
acoustic coupled types; however, they are not susceptible to
external noise interference. A list of manufacturers supply-
ing modems is shown in Table 2. R-E

Real Estate Programs
For APPLE, TRS-80 & PET
Property Management System

(32K, 1 Disk Systems)
Features:

— Professional — *
| back cover.

¢ Tenant information

¢ Late Rent Reports

¢ YTD & Monthly Income

* Handies —
Partiat Payments
Returned Checks
Advance Payments

* 5 DIgit Expense Accounts

ATARI, INC.

To receive information from the manu-
facturers listed below, circle No. 99 on
the Free Information Card inside the

APF ELECTRONICS, INC.
1501 Broadway
New York, NY 10036

TABLE 2-—DIRECTORY
OF MODEM MANUFACTURERS

MULTI-TECH SYSTEMS, INC.
82 Second Avenue SE
New Brighton, MN 55112

NOVATION
18664 Oxnard St.
Tarzana, CA 91356

OHIO SCIENTIFIC
1333 South Chillicothe Road
Aurora, OH 44202

¢ Bullding Expense Report

* Vendor Expense Report

® Income Tax Report

¢ All Reports Can Be Printed
* Compiete Documentation
+ Easy Data Entry & Edit

* Vacancy Report

Price $275.00

Real Estate Analysis Modules:

(Cassette or Disk)

1) Home Purchase Analysis

2) Tex Detferred Exchange

3) Construction Cost/Profit

4) Income Property Cashfiow

5) APR Losn Analysis

8) Property Sales Analysis

7) Loan Amortization

$35.00 Per Module

At Computer Stores Everywhere
Or Ord+r COD Direct
™ (Cat Residents Add 6% Sales Tax)

ealty Iompany (213) 3129419

oftware

Dept. RE, 1118 'F" 8th St., Manhattan Beach, CA 90266

CIRCLE 21 ON FREE INFORMATION CARD

1265 Boregas Avenue
Sunnyvale, CA 94086

BIZCOMP
Box 7498
Menlo Park, CA 94025

HAYES MICROCOMPUTER PRODUCTS
5385 Peachtree Corners East
Norcross, GA 30092

HEATH COMPANY
Benton Harbor, MI 48022

LEXICON CORPORATION OF MIAMI
1541 NW 65th Avenue
Plantation, FL 33313

LIVERMORE DATA SYSTEMS
2050 151st Place NE
Redmond, WA 98952

THE MICROPERIPHERAL CORP.

2643 151st Place NE
Redmond, WA 98052

WWW._americanradiohistorv.com

QUEST ELECTRONICS
P.O. Box 4430E
Santa Clara, CA 95054

RACAL-VADIC INC.
222 Caspian Drive
Sunnyvale, CA 94086

RADIO SHACK
1400 One Tandy Center
Fort Worth, TX 76102

TNW CORP.
3351 Hancock St.
San Diego, CA 92110

US ROBOTICS
203 N. Wabash, Suite 718
Chicago, IL 60601

UNIVERSAL DATA SYSTEMS
5000 Bradford Drive
Huntsville, AL 35805



Choosing a computer system is very much like getting married—
it pays to give it a lot of thought first.
Consider these pcints whein making your choice

WIS,

S T
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WELL, THAT FATEFUL DAY HAS FINALLY ARRIVED: YOU'VE
gotten up your courage and decided to go out and buy a
home computer system. Just one problem remains—what do
you do first? The answer is simple: Ask questions!

Ask questions about the system you intend to buy; ask
questions about any dealer that you may do business with;
ask any question that may help you make an intelligent choice,
but most important, ask those questions and get them
answered before you spend the first dollar.

What questions should you ask? That ail depends on your
requirements, but the ones listed in *‘Before you Buy A
Computer’’ elsewhere in this article can serve as a
good starting point. Use those questions as a checklist for
some of the basic things to consider before making your
purchase.

One more point: When you think you know what it is you
intend to do with your computer, define your requirements
in as much detail as you can. Simply saying that you want
your computer to help you with your business is not enough.
The more information you can provide a good computer
salesman regarding your needs (For example: If you're
going to be using it to keep an inventory, how many different
items and categories will be involved?), the better he will be
able to help you find the system best suited to you.

Putting your system together

Of course there’s more to a computer system than just a
computer. What’s more, the peripherals, software, and inci-
dentals that make up a system can often cost more than the
computer itself. The most important thing to keep in mind
when you are putting your system together is that the peri-
pherals must be compatible with your computer—otherwise
they are worse than useless!'

Don’t always believe what you're told at the store about
compatibility; although most computer salesmen are knowi-
edgeable, there are a few who probably know less than you
do. ‘Also, just because a manufacturer says that his product
is compatible with a particular system does not necessarily
mean that it is.

There are many instances where ambiguous specifications
or sudden hardware or software changes have crossed up
the best of intentions. If you want to play it safe, insist on
seeing a demonstration of all the components of the system
you intend to purchase working together. By the way, the
same advice holds true for the computer itself—if the com-
puter is delivered in a factory-sealed box, don’t accepr ir!
All too often, a computer is damaged in transit, so, unless
the idea of bringing that bulky box back to the store (and
waiting for repair or a replacement) doesn't bother you, it is
advisable to have the salesman open the box and make sure
the computer is working properly before you take it home.

What you’ll need

Let’s look at some of the peripherals that you'll need to
get the best use out of your computer. For instance, unless
you purchase a computer with an integral video monitor
(such as the PET). you'll need some way to view your pro-
grams and their results.

Using your television set is one solution, and that is what
is done in many cases. There are some limitations to that
approach however, the most serious of which is that the
bandwidth of most TV receivers restricts the display size to
lines of about 40 characters. If that’s all you’ll need, fine;
otherwise you’ll have to obtain a video monitor. With some
systems you may require a terminal, which combines a
video monitor with a keyboard. Also, if color graphics are
important to you. be certain that the monitor you choose is
appropriate.

What about disk drives? If you need them, it’s best to buy
the kind that are already assembled and need only to be
plugged in. Unless you are experienced in computer elec-
tronics, the do-it-yourself units can be more trouble than
they are worth.

A printer is a necessity if you’'re going to require ‘‘hard
copy’’ from your computer. There are two types of printer
interfaces: serial and parallel. They differ in the way that they
accept information from the computer. A serial printer is
recommended if the unit is going to be located more than a
few feet from the computer, but it requires an RS-232 inter-
face. Some coinputers have an RS-232 interface built in, and
if yours does, you’re all set; if yours doesn’t, that is another
accessory that you are going to need.

An RS-232 interface is also required if you intend to use
your computer with a modem, to communicate with other
computers over the telephone.

Everything that we’ve discussed so far has one thing in
common—it all has to be plugged into a 117-volt source...
which also means that in the event of a power failure, it
will all stop working. If you are in an area where power
failures are common, or if your computer system is going to
be in continuous use, consider getting a battery-powered
backup supply. It can keep things going for about 15 minutes,
enough time to shut everything down in an orderly fashion
without losing any data. Also. if the power lines in your area
are subject to electrical-spike noise, a transient filter would
be a good investment.

While we’re on the subject of power, you should take care
not to overload your computer’s power supply. Some
computers can accept plug-in boards such as disk controllers,
additional memory, communications ' interfaces, etc. It is
possible, in some cases, to plug in a combination of boards
that will draw more current than the computer’s power sup-
ply is designed for. The result is erratic operation at best,
and total failure at worst.

Software and incidentals

What we said earlier about peripherals also holds true for
software: Make sure it’s compatible with your system and
that it does everything you expect it to! Have the dealer
demonstrate the package in the store and put it through its
paces. (Taking this step can also save you some of the time
and effort it would take to figure out how it works by your-
self.) And when setting up your system, don’t forget the
incidentals such as paper; disks or cassette tapes, and a place
to store them, and the like.

While much of what we’ve discussed here is simple com-
mon sense, in the excitement of buying a computer many
people tend to overlook the simple things that are really im-
portant. Don’t be timid—if you are unsure of anything, ask
about it before you buy. Bear in mind what you’ve just read
and you'll greatly increase the chances of making the right
decisions. Happy computing! R-E
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BEFORE YOU BUY A COMPUTER

Below are some basic questions that you
should have the answers to before you
purchase any personal computer. Use
| them as a starting point and add any
that are pertinent to your special re-
quirements.

Questions about your computer

1. Is the software you require
available for the computer or
would you be required to write
it yourself?

2. Is the computer supported by
software from outside vendors
or would you be required to
buy it from the manufacturer?

3. Is the manufacturer’s docu-
mentation (manuals) reasonably
complete?

4. Will the dealer and/or manu-
facturer assist you if you run
into problems?

5. Is there a user's group for that
particular computer in your
local area?

6. Are many manufacturers pro-
ducing compatible hardware
for that computer?

7. What has the hobby press said
about the computer?

8. Does that computer have a his-
tory of user problems?

9. Is the display’s line length long
enough? If it isn’t, can it be ex-
tended?

10. Can the computer grow with

[ your needs? Can additional
memory, disk drives, etc. be
added as the need arises?

11. If graphics are important, can
the computer support them?

12. If color is important, can the
computer support it?

13. Does the computer have a
standard typewriter keyboard?

14. Does the computer support
upper and lower case charac-
ters? If not, are accessories
available that will enable it to?

15. Does the computer have all the
interfaces that you will require,
and if not, are they available at
a reasonable price?

Questions about your dealer

1. What is his reputation? Will he
give you a list of satisfied cus-
tomers that you can check out?

2. Has he been in business long?

3. Is he responsive to customer
needs?

4. Does he have the technical ex-
pertise to assist you if trouble
should arise?

5. Does he have an in-store service
facility?

6. Can he offer a service contract
that offers fast response and
includes use of a loaner system
if yours should go down for
more than a day?

7. Does he have a wide selection
of software and does he know
how to use it?

8. Does he offer training classes?

NEW 16 K-RAM
PERSONAL 229
COMPUTER

SPECIAL FACTORY SALE!!

For $229. you get the new Interact Model "R” Computer, 16K-RAM,
2K-ROM, 8080A Microprocessor, color, sound, tull 53 Keyboard,
high speed cassette, AC adapter, R.F. Modulator, Black Corsole
Case, 90 days parts and labor warranty, owners’ guide, 1CC ap-
proved.

SPECIAL FACTORY PACKAGE SALE $319.

(Lists for over $740.00)

Everything you get for $229. PLUS: Level Il users manual, Level Il
hasic program tape, Level Il command cards, Level Il basic examples
hook, two 8 axis controllers, Diagnostic program tape, Diagnostic
manual, Service manual, Cassette head Alignment tape, Schematics
and parts list, Service and warranty money saver card, PLUS 3 tape
programs (everything you need to learn 1o operate, program and
service your computer)

15 DAY FREE TRIAL Return within 15 days complete and

undamaged for refund of purchase price.

DON'T MISS THIS FANTASTIC SALE!! ORIDER NOW'! Send certitied check
monev order, or chech to: PROTECTO Enterprizes, Box 550, Barrington,
1. 60010 (Phone 312-382-5244 to order). \WE HONOR VISA AND MAS
TER CARD ORDERS. Add $15 tor insurance, handling and shipping via
UNITED PARCEL SERVICE. lllinois Residents add 6% Sales Tax

CIRCLE 70 ON FREE INFORMATION CARD

THE TSE-HARDSIDE 1982 MICRO-COMPUTER BUYER’S GUIDE
is now available! We’ve included such
valuable information as print samples
from each of the printers we carry,
teature-by-feature comparisons of Micro-
Computer systems in an easy-to-read
table format, an informative article on
Micros, and pages and pages of complete
product descriptions.

We’'re making this valuable reference
available for only $2.95 (refundable on
your next purchase from TSE-HARDSIDE.)
Charge customers are welcome to call our
toll-free number: 1-800-258-1790 (in NH call
673-5144) THE TSE-HARDSIDE 1982
MICRO-COMPUTER BUYER’S GUIDE will
soon arrive at your address via first class

1 . . mail.
Micro- : Send to: .

Computer T— ------

o Dept. C, 14 South Street
Milford. NH 03055

Yes! Send me the
TSE-HARDSIDE 1982 Micro-Computer Buyer’s Guide.

I've enclosed $2.95 Please send only your FREE Price List
Charge to my credit card MasterCard _|Visa

Card No.

Interbank No. a Exp. Date

Signature

Name. _

Address _

City_ |

State Zip Code

CIRCLE 69 ON FREE INFORMATION CARD
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REDUCTION SYSTEM

When you want to reduce noise in non-encoded material,
or when the noise is in the program source itself,
this new noise-reduction system promises to be the number.

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

BASICALLY. THERE ARE TWO WAYS TO
reduce noise in any sound system. The
first of those is generally referred to as
a complementary, or companding type.
In it. signal encoding takes place before
transmission or recording: the signal is
decoded during playback. The second
type of noise-reduction system is re-
ferred to as non-complementary, or
single-ended: it operates during play-
back only. As a result, it does not require
any special encloding of the program
material.

For consumer audio equipment, the
most popular noise-reduction system to
date has been the Dolby B system,
which falls into the first (comple-
mentary) category. While Dolby B pro-
vides only 10 dB of noise reduction at
high frequencies (not enough to make
tape hiss totally inaudible). it's widely
accepted because it is a “‘compatible™
noise-reduction system. That is. one
can listen to a Dolby-encoded program
source without using a Dolby decoder
and still find the music acceptable.

However, the fact that Dolby B does
not render tape hiss completely inaudible
has prompted other designers to come
up with companding systems that de-
liver greater amounts of noise reduc-
tion. Among those are the dhx com-
panding system and. more recently. the
Dolbv C system. The dbx system offers
over 35 dB of noise reduction while the
new Dolby C system cascades two
Dolby B circuits (with some other cir-
cuit refinements) and delivers 20 dB of
noise reductton in the mid and high fre-
quency bhands.

Over the years. some designers have
concentrated on single-ended. or non-
compleméntary noise-reduction sys-
tems as well. Perhaps the best known

of those is the Dvnamic Noise Filter de-
veloped by Burwen. Now, National
Semiconductor has developed 4 noise-
reduction system. called DNR, based
upon the same Burwen Dynamic Noise
Filter that does not require signal en-
coding and. as a result, is effective for
RM broadcast signals, tape, and other
program sources. According to National
Semiconductor, the system is particularly
useful in automotive entertainment sys-
tems and would be effective when used
with video cassettes as well. An inte-
grated circuit, the LM1894. is available
in a 14-pin dual-in-line, molded package
to equipment manufacturers at an ex-
tremely low price. when bought in large
quantities.

Advantages of non-complementary
noise reduction

While companding noise-reduction
systems are capable of reducing noise
that is added to a program source during
the recording process itself, they can-
not eliminate noise that is already in the
program source. When it is necessary
to remove or reduce noise levels in a
program source. a non-complementary
type of noise-reduction system is pre-
ferred and. since such a system requires
no encoding, complete compatibility is
retained. Another advantage of single-
ended noise-reduction systems is theirs
low cost. compared with companding
encode/decode systems. Remember,
too. that most of the program material
that we listen to (radio. records. TV,
etc.) is not encoded at all. Few FM sta-
tions now use Dolby FM, despite its
early promise. and therefore an effec-
tive non-complementary noise-reduc-
tions system may well be an idea whose
time has come.

WWW americanradiohistorv com

How DNR works

The National Semiconductor noise-
reduction system can provide up to 14
dB of noise reduction in stereo program-
material and is based upon two princi-
ples. The first of those states that noise
output is proportional to system band-
width. Suppose system noise is caused
solely by resistive noise (noise added by
the circuit resistors). In such a system.
noise amplitude is uniform over the fre-
quency bandwidth. Thus. if the band-
width of the system s reduced. the noise
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FIG. 2—THIS GRAPH SHOWS how decreasing
bandwidth affects noise reduction when the
DNR is configured as a single-pole (a) or double-
pole (b) low-pass filter.
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content is also reduced.

Untortunately. there isn't a simple
correlation between the amplitude of
the noise signal and the amplitude of the
noise perceived by the listener. As
shown in Fig. . the ear is most sensitive
to noise in the 600-Hz to 6-kHz fre-
quency range. For this reason. when
measuring noise content in a system. &
weighting filter is usually inserted in the
measuring instrument to give better cor-
relation between the measured signal-
to-noise ratio and the subjective 1im-
pression of noise. When a CCIR/ARM
weighting filter (commonly used when
measuring signal-to-noise ratios of cas-
sette tape and decks) is used. it will yield
noise-reduction numbers of between 14
and 18 dB when the bandwidth of a sys-
tem is restricted to 1 kHz with single-
pole and two-pole low-pass filters. as
shown in the curves of Fig. 2.

Auditory noise masking
The second principle that DNR is

30

20

LEVEL DIFFERENCE-dB

10 100 1K
FREQUENCY —Hz

10K 20K

FIG. 3—WHEN NOISE IS PRESENT, the valume
(amplitude) of a tone must be increased for it to
be heard. How much that volume must be in-
creased depends on the frequency of the tone.

based on is the face that whenever we
hear one sound. that sound decreases
our ability to hear another. White noise
(random noise that contains all audible
frequencies at equal amplitude), for
example. raises the threshold of haring
a pure tone by a level that depends on
the frequency of that tone. as shown in
Fig. 3. The curve shows a general
trend. At a higher frequency, a tone
has to be increased in amplitude (com-
pared to a I-kHz tone) to be heard.
That is because a wider range of noise
frequencies contribute to masking as
the tone’s frequency increases. But
regardless of the tone’s frequency.
there will be some range of noise fre-
quencies that will be capable of masking
that tone.

The results are not quite the same
when we measure the abilitv of a single
tone to mask undesired noise. Experti-
mental results show that extremely high
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sound-pressure levels of a single tone
are required to provide masking. Even
at  the most effective frequencies
(between 700 Hz and 1 kHz. near the
natural resonance of the ear). sound-
pressure levels in excess of 75 dR are
required to mask noise at a very low 16
dB SPL (Sound Pressure Level). Fortu-
nately. thase results apply only to pure
single tones. With the complex signals
that are a churacteristic of music and
speech. masking effects are much bet-
ter. The broadband spectral compo-
nents. and high concentration of energy
around | kHz that is produced by most
musical instruments (Fig. 4) improve
the noise-masking ability by mare than
30 dB over a pure 1kHz tone. Compar-
ing the frequency spectrum of musical
instruments with the ear-sensitivity
curve of Fig. 1. we see that the high-
energy content is just where it needs to
be for effective noise masking.
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FIG. 4—MOST MUSICAL INSTRUMENTS produce spectra that have a high concentration of erergy
around 1 kHz. The spectrum of a French horn is shown in a; the spectrum of a viclin in b.
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AUDIO-
CONTROLLED

LOW PASS FILTER

FIG. 5—TWO LOW-PASS FILTERS, one for each stereo channel, are placed in the audio-signal path
as shown in this general block diagram of the DNR system.

From all of that. the designers at Na-
tional Semiconductor concluded that if
source material is at least 29 dB above the
“noise floor’. adequate masking can
usually be obtained. Therefore. any
noise-reduction system that dvnamical-
Iv restricts audio bandwidth (by virtue
of its previously calculated 14-dB im-
provement) will insure a minimum per-
ceived signal-to-noise ratio of 43 dB (29
dB + 14 dB) without audibly degrading
the music program. A cassette tape re-
corded at @ mean signal level of around
=10 VU (Volume Units. as on a VU
meter)—40 to 45 dB above the noise
floor of the tape/system—will, with the
aid of a bandwidth-varying noise-reduc-
tion system. be improved to a perceived
signal-to-noise level of between 55 and
61 dB. If the recording was made at ()
VU. the improvement can be expected
to provide a signal-to-noise ratio of bet-
ter than 65 dB.

The DNR audio filters and
control path

The general arrangement of the DNR
system is shown in the block diagram of
Fig. 5. Two low-pass filters (one for
cuch stereo channel) are placed in the
audio-signal path. their —3dB band-
widths are controlled by the amplitude
and frequency of the incoming signals.
Euch filter response is flat below its cut-
oft frequency. with a smooth single-pole
roll off above its comer frequency for
any control setting. The resulting —6
dB-per-octave slope produces the most
satistactory results with modern and
classical music that has a wide frequen-
cv range. Steeper slopes can produce
greater amounts of noise reduction for a
given bandwidth. but are more suited to
program material that does not have
substantial  high-frequency  content.
Cascading two filters will give a —12
dB/octave slope with noise reduction as
great as 18 dB (See Fig. 2.)

Figure 6 shows the various low-pass

|
N
=

|
_a |
[

o
=3
-
b
-
m
<<
i
L=]

i =
=
—

T \ 1
|
| \ '
) I ] 1
10 100 1K 10K 100K
FREQUENCY—Hz

RELATIVE AMPLITUDE —dB
|
[=2]

|
~
o

FIG. 6—DIFFERENT LOW-PASS FILTER Response
curves are obtained by varying the control
voltage.
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FIG. 7—FREQUENCY vs. AMPLITUDE response
curve for the control path includes an optional

notch at 19 kHz, needed when source material
contains an FM pilot signal.
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THE DNR NOISE REDUCTION SYSTEM is avail-
able as a 14-pin |C from National Semiconduc-
tor, the LM1894.
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tilter response curves that are obtained
by varying the control voltage from 0 to
1.0. That voltage is derived from the
control path shown in Fig. 5. Since the
spectra of musical instruments (Fig. 4)
and the ear-sensitivity curve (Fig. 1) im-
ply that masking is most effective at
relatively [ow frequencies. you might
assume that a low-pass filter would be
good for the control path shown in
Fig. 5.

That turns out not to be the case.
Figure 7 shows the frequency versus
amplitude response of the DNR IC con-
trol path. The DNR system uses a high-
pass filter with a —3dB corner fre-
quency of 6 kHz and —12 dB/octave
roll-off slope. An optional notch at 19
kHz is for when the source material con-
tains a stereo-FM pilot signal that might
tend to increase minimum bandwidth
above 800 Hz when the detector thresh-
old is set at the noise floor.

The control-path frequency-response
is weighted in that manner because
program material varies substantially in
harmonic content. depending both on
relative loudness and on the particular
instruments being played. As an exam-
ple. consider the case of a French horn.
Most of the energy produced by that
instrument is below 1 kHz. If a low-pass
filter were used in the control path. it
would respond to that energy and open
up the filters to full bandwidth, unmask-
ing noise in the 2-kHz and above region.

To avoid that. the system looks for
high-frequency energy in the music
source and. in the case of the French
horn. not finding any higher harmonics.
the noise remains filtered out and band-
width remains restricted. Multiple in-
struments. or a solo instrument such as
a violin, for example. may have signifi-
cant high-frequency energy that will not
only provide good noise masking but
will require a wider system bandwidth.
To summarize then. when high frequen-
cies are detected in the control path. it is
an indication that large levels of energy
are present at the same time in the criti-
cal masking-frequency range. so that
audio bandwidth can be safely increased
as required to prevent audible degrada-
tion of the music. The noise, however,
remains masked. To make up for the
relatively fast decrease in spectral
energy with increasing frequency. the
control-path response is increased at a
12 dB-per-octave rate.

Attack and decay times

If the detector of the DNR system
were allowed to respond instantaneous-
ly to any input signal, ticks or noise
bursts of short duration but with rapid
risetimes would be able to open up the
bandwidth of the system without simul-
taneous program masking. Also, dif-
terent instruments have widely differing
risetime characteristics. With that in
mind. the DNR system was designed
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with an attack time of 0.5 milliseconds
to minimize potential loss of high-fre-
quency transients. That does constitute
a trade-off in that the system is suscepti-
ble to impulse-noise interference. Im-
pulse noise. having fast rise- and decay-
times and quite a bit of high-trequency
energy. must be eliminated using other
techniques.

Once the detector has responded to
given musical transient. it must decay
back to its inuctive level when that
transient Is over. Once again. a com-
promise in parameters was required for
the DNR system. Too slow a decay time
would meun that system bandwidth

would remain ““wide open’ for some
period after the decay of the transient. A
noise burst would be heard at the end of
each musical transient since there would
be nothing to mask it. If the decay was
too rapid on the other hand. a loss
in apparent ambience would occur be-
cause harmonics occurring at the end of
a transient would be suppressed. The
DNR system decays to within (0% of
tfinal value in 50 milliseconds. The ear’s
inability 1o recover sensitivity tor 100 to
130 mithseconds following a toud sound
prevends the notse burst that 1s present
at the beginning of each transtent from
being heard. R-E
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HOBBY CORNER

Learning all about the “ABC’s”

EARL “DOC” SAVAGE, K4SDS, HOBBY EDITOR

of seven-segment LED’s.

WE ALL KNOW THAT A SEVEN-SEGMENT
[LED can be used to display the num-
bers between 0 and 9. But did you
know that those LED’s can also be
used to display letters of the alphabet?
Well they can. although not all the
letters can be formed and the LED’s
must be driven somewhat differently.

Take a look at the LED shown in
Fig. I. Each segment is labeled in the
standard manner. If vou were to light
segments ‘e, f07 taltt byt el
and “g.” the letter "A™" would be dis-
olaved. Likewise. lighting segments
d. e and U would produce a
letter L. and so on.
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Although there are special. more
costly. readouts that can display all the
letters. the lowly seven-segment LED
is quite capable of producing 16. Al-
though that may not sound like many.

vou'd be surprised at the number of

words that can be made from the 5
vowels and 11 consonants that are
shown in Fig. 2. Note that some of the

letters are upper case and some are
lower case. Well. you can’t have
everything. (Some letters. though, can
be formed either way. *‘["" is one—see
if you can find the others.)

[f vou think about it for a few moments
[ am sure that you'll become convinced
that there are literally thousands of
words that can be formed from just
those few letters. As a short example.
consider these: BILL. SUE. JOE.
PEG. HELLO. GOOD. SHIP. BAG.
BEG. BIG. BOG. and BUG. If you
like. you can write a computer program
to list all of the possible combinations.

Getting back to lighting the indivi-
dual segments. you could use an SPDT
switch to light each one as shown in
Fig. 3. Note the 220-ohm resistors in
that circuit: they are current-limiting
resistors and are included to prevent
burning out the LED. The circuit
shown will produce all of the possible
combinations but is awkward at best.
Fortunately there is a better way to
accomplish the same objective.
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The circuit in Fig. 4 uses an SPDT
switch to choose which of two letters,
“C™oor L7 is displayed. The IN914
diodes are used to isolate the switch
lines so that the current cannot find a
path to light unneeded segments. With-
out the diodes all four wired segments

would be lighted in both switch posi-
tions. The diodes connected to seg-
ments “*a” and 'd are not actually
needed because those segments are
only connected to one switch position.
The diodes were included in case you
wish to use those segments later to dis-
play other letters.

The example in Fig. 4 can easily be
expanded using a multi-position rotary
switch. When expanded that way. the
circuit can be used to spell a word or
words sequentially, letter-by-letter. In
that case. don’t overlook letters that
repeat-——the switch positions for those
letters can simply be wired together to
minimize some of the work required.

For instance. if you wanted the cir-
cuit to spell the word “~hobby.”" you
could wire the third and fourth switch
positions together. You could also
minimize the wiring in this example by
leaving segments 'b™" and *'¢” on all
the time: that is because those seg-
ments are used in all of the letters of
that particular word.

Incidentally. all of the [LED’s shown
in this article are common-cathode de-
vices. If you want to use common-anode
LED's. apply power to the common
anode. and ground the segments you
wish to light. To do that in Fig. 4. for
example. simply exchange the ground
and power connections. and reverse
the diodes.

Now that we have the basics behind
us. let’s build a game that will be enter-
taining as well as educational. For now
we'll limit our game to words that are
just three letters long. If you wish. you
can expand it later either by providing
more letters per position. or by using
more LED's and switches to form
longer words.

The circuit for the game is shown in
Fig. 5. You'll notice, of course. that all
of the resistors and diodes have been
omitted. That was done for simplicity:
vou should have little trouble com-
pleting the ¢ircuit using the information
presented earlier.

Each switch is used to display a let-
ter on the LED it’s wired to. The first
and third switch/LED are used for
consonants; the middle one for vowels.
The object of the game is to spell the
greatest number of words in a given
time. The kids are sure to enjoy this

wwWw americanradiohistorv com
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FIG. 5

game, and you may find yourself play-
ing 1t too.

There are a couple of variations you
may wish to consider before you build
this project. You might care to invest
in an alpha-numeric readout so that a!/
of the letters of the alphabet can be
displayed. Alternately, you could use
regular (discrete) LED’s arranged in a
5 x 7 matrix to form the letters. This
method involves more wiring, but it is
a less expensive way (especially if you
use surplus LED’s) to display all of the
letters.

Aid for the deaf

Bill Smith of Everett, WA is looking
for a circuit to let a deaf person know
that there is someone at the door. He
wants to rig up a couple of lights that
will be turned on by the front and rear
doorbell circuits. Of course the lights
should lock in with one tap of a button,
and should flash to get attention.

Digital circuitry would do the job,
but the usual LED indicators would be
too easily overlooked. Keep in mind
that the typical doorbell circuit works
from between 12- and 20-volts AC.

While you're thinking along those
lines. there are many similar devices
that could help the deaf. For starters,
how about a device to signal the pres-
ence of any unusual loud noise? Let’s
see what you can come up with.

Computers and ham radio

If you're interested in computers or
ham radio. vou know that there has
been a marriage of sorts between those
two hobbies. Hams are using com-
puters in many aspects of their hobby.
including such things as designing cir-
cuits. slow-scan TV. aiming satellite
antennas. and keeping station records.

Now comes word that K2MI. Marty
Irons (46 Magic Circle Drive, Goshen.
NY 10924) is heading up a new ham
group for users of the Sinclair ZX-80
and the MicroAce computers. They
have a newsletter and. by the time you
read this. a net for exchanging technical
information. If you’re an interested
ham. get in touch with Marty for the
lastest information. R-E

ANALOG REVERB

continued from page 47

concert levels from the rear speaker
with just one watt of power. However,
the level of the reverberation should be
10 to 20 dB lower than the level of the
front channel. That corresponds to a dif-
ference of 5 to 50 watts. Furthermore.
the distortion in the system that’s
caused by the rear (delayed) channel
appears to be 10 to 20 dB lower than
actually measured because the music
from the louder front-channels serve to
mask that distortion.

The reverberation effect is not obvious
as the reverberation or output levels are
gradually increased. It’s only when the
reverberation decreases or disappears
that you really notice it. The effect
should be subliminal—you should not
be able to hear the reverberation unless
you really listen for it, but your mind
will always know it is there. There will
be a “‘fullness,’’ without an increase in
volume, that is deceiving. You'll often
find that you are listening to your stereo
system at a lower volume level than be-
fore simply because the music no longer
needs to be loud just to full a room with
sound. R-E
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SPECIAL REPRINT
BUILC A BACKYARD SATELLITE TV RECEIVER

Don’t miss out again!

Send away today for your 36-page book-
let containing complete reprints of all
seven articles in the series on Backyard
Satellite TV Receivers by Robert B.
Cooper Jr.

This all-inclusive report gives you all the
data you need to build your own Back-
yard Satellite TV Receiver.

B TELLS ALL ABOUT domestic satellite
communications, with full details on how
you can pull those elusive TV signals from

space.

B LEGAL REQUIREMENTS, technical
specifications, and how you, the home
constructor, can meet them. Find out
what mechanical and electronics skills
you need.

B RECEIVER CHARACTERISTICS, tech-
nical details and specifications, along
with -examples of actual receivers built at
comparatively low cost.

B ANTENNAE DESIGN... and exactly how
you can build a spherical antennae, while
keeping total earth station cost for the
complete system under $1,000.

B THE FRONT END is critical when you
build your own system. We help you ex-
plore several different approaches to
making one that will work for you.

B RECEIVER-SYSTEM hardware, and
how it goes together to bring you direct-
Lrom-satellite TV reception in your own

ome.

To order your copy:

Complete coupon and enclose it with
your check or money order for $6.00 U.S.
We will ship your reprint, postpaid in U.S.
and Canada within 6 weeks of receipt of
your order. All others add $4.00 for post-
age. New York State residents must add
48¢ sales tax.
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Test our
low-priced
test equipment.

It measures
up to the best.

We have an entire range of
test and measurement
instruments to meet all your
needs. High quality instruments
that give accurate performance.
And at our prices, they're a steal.
Sabtronics can sell at a low price
because, first, we refuse to join
everybody else in their high mark
ups. Second, our engineers design
high performance products to be
built at a low cost. Third, we sell
what we manufacture, directly to
you. And fourth, because we sell
so many instruments, we don’t
have to charge a high price to make
a profit.

NEW PRODUCTS

For more details use free information card
inside back cover.

2010A 3% Digit LED DMM

2015A 3% Digit LCD DMM

8610A 600 MHz 8-Digit Frequency Counter
8110A 100 MHz 8-Digit Frequency Counter
5020A 0.2 to 200 KHz Function Generator
8000B 1 GHz 9-Digit Frequency Counter
8610B 600 MHz 9-Digit Frequency Counter
2035A 3% Digit LCD Handheld DMM
2037A 3% Digit LCD Handheld DMM

or call us. Sabtronics International
5709 N. 50th Street, Tampa, FL 33610
(813) 623-2631

Making Performance Affordable

sabtronics
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To get our informative brochure, write

CASSETTE SEMINAR, Computers Understood,
is an introduction to computers that consists of
more than eight hours of lectures that are coordi-
nated with a comprehensive study manual. It is
composed of 10 learning modules, integrated
rather than presented as separate lectures, de-
signed for both managers and technical people.

CIRCLE 141 ON FREE INFORMATION CARD

Developed from the experience of leading consul-
tants and educators in the field, the material
reflects the state-of-the-art and is presented in a
usable rather than an academic manner. Com-
puters Understood is priced at $125.00.—Career
Enhancement Institute, 361 Virginia Street,
Crystal Lake, IL 60014.

SIGNAL TRACER, The Probe, is a low-cost signal
tracer designed to allow the field engineer to
trace analog or digital signals without direct con-
nection to the circuit. The Probe is entirely self-

,

MaJOR AUDIO
MADISON TENN
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contained with a speaker output and is powered
by a 9-volt transistor battery. It is housed in a
high-impact plastic case (2 X 4 X 1 inches) and
weighs five ounces, including the battery. The
Probe is priced at $49.95.—Major Audio, 1119
Due West Avenue, Madison, TN 37115,

RAM-EXPANSION KIT, is a memory-expansion
kit that will upgrade any Atari 8K RAM board to
16K. It provides five times more program space in
high-resolution graphics and also allows access
to higher-resolution graphics (320 X 192). The kit
can be installed in minutes and includes all hard-
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ware and pictorial instructions. Supporting soft-
ware available includes graphics programs such
as Plot and Draw which generate graphics quickly
while saving data for incorporation into BASIC
program. Other software includes computer-
assisted instruction programs, child-education
programs, and video games. Suggested retail
price is $79.95.—Mosaic Electronics, P.O. Box
748, Oregon City, OR 97045.

CAR-STEREO SPEAKER, model LS-81, is de-
signed for compact cars. It has a 1-inch air-spring
tweeter, and a 4'-inch bass driver with a tong-
throw voice coil, low mass-cone suspension and a
vented center pole. The LS-87 measures 77 X

CIRCLE 144 ON FREE INFORMATION CARD

5'% inches. Manufacturer’s specifications include
a frequency response of 80 to 20,000 Hz +3 dB,
and an impedance of 4 ohms. Suggested rétail
price is $190 including mounts.—Epicure Prod-
ucts, Inc.,, 1 Charles St., Newburyport, MA
01950.

DISK CONTROLLER ADAPTER, the Doubler, is a
double-density adapter for the TRS-80 Model |
computer that allows the user to store almost
four times more data on a five-inch disk—up to
354 formatted kilobytes. The Doubler plugs into
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the controller-chip socket of the expansion inter-
face, with no circuit modifications necessary.
That system also comes with DBLDOS, a

CIRCLE 145 ON FREE INFORMATION CARD

TRSDOS-compatible double-density operating
system, and a utility for converting TRSDOS, Per-
com 0S-80 and other single-density files and
programs into double-density format, and vice
versa. The data read/write rate of the Doubler is
twice as fast as single density read/write, and the
unit can read, write, and format either single or
double-density disks. Suggested retail price of
the entire system is $219.95.—Percom Data Co.,
211 N. Kirby, Garland, TX 75042.

ZIPPER TOOL CASES, models 650-ZT and 655-
ZT are oxford brown, compact, zipper, padded
tool cases for service requirements that demand
a full complement of small tools.

The model 650-ZTis 10 X 13 X 1% inches and
is priced at $21.00; the mode! 655-ZT is the same
as above, except that the dimensions are 10 X 13
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X 2% inches, and it is priced at $22.00.—Platt

Luggage, Inc., 2301 South Prairie Avenue, Chica-
go, IL 60616.

SPEAKER, model MR 1, offers three in-line, sol-
id-state super-tweeters performing in tandem
with four 5%-inch mid/low frequency drivers, all

MRHE
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Vocals

‘Remove the ead vosal and substitute your
own voice w t1 moast stereo recordings us-
ing our news, law ccst VOCAL ZAPPER™.
Great for practice, Jrofessional demos or
Jjust for fun.

WITH THE

FROM

PAA Electronics, Inc.
1920 W. Wilshires, Dklahorva Clty, OK 73118 - (405)B43-9426

r

1 O Rush my VocalZapper K t, $24.95 plus $3 postage |
1  &handling enclosed. :
: [Jsend assembled Yocal Zapper, $39.95 plus $3 1
1 postage & handling enclosed. 1
: [ send Free Catalog :
] ]
‘ name i
| 1
1 address 1
: city . _____state zip :
1 visalkImc [ card no. 1
lPA!AEIecuonics, dep:. 10R. 1020 W. Wilshire, Okla. City. OK73116 H
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INTERNATIONAL FM-2400CH

FREQUENCY METER FOR
TESTING MOBILE TRANSMITTERS
AND RECEIVERS

Portable - Solid State » Rechargeable Batteries
The FM-2400CH provides an accu-  cies of the receiver between 5 MHz

An enclosure as
good as your idea.

rate frequency standard for testing and 40 MHz.
and adjustment of mobile transmit-
ters and receivers at predetermined
frequencies.

The FM-2400CH with its extended
range covers 25 to 1000 MHz.

The frequencies can be those of the
radio frequency channels of opera-
tion and/or the intermediate frequen-

Frequency stability: =.0005% from
+50°to +104°F.

Frequency stability with built-in ther-
mometer and temperature corrected
charts: =.00025% from +25° to
+125° (.000125% special 450 MHz
crystals available).

Tests Predetermined Frequen-
cies 25 to 1000 MHz

W

ol

!

Extended Range Covers 950
MHz Band
Pin Diode Attenuator for Full
Range Coverage as Signal
Generator

Measures FM Deviation.

FM-2400CH (meter only) ..... $690.49

RF crystals (with temperature
correction) $28.89 ea.

RF crystals (less temperature
correction) ... $2192ea.

IFcrystals ... catalog price

Write for catalog

Eim

INTERNATIONAL CRYSTAL MFG. CO., INC.
10 North Lee Oklahoma City. Okia. 73102
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You've turned a good idea into a piece of equipment—
now you need a good enclosure. Here's how PacTec

can help you with our versatile enclosures:

e Attractive yet inexpensive. e Durable ABS construction.
e Many sizes, colors, accessories. ® Built in

bosses and slots speed component

mounting. ® Available off-the-shelf
from single unit to production
quantities. See them at your
PacTec Distributor. And ask
him for your free catalog.

PACWTEC...

subsidiary of La France Corp.
Enterprise and Executive Avenues
Philadelphia. PA 19153 (215) 365-8400
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WWW._americanradiohistorv.com .

1861 4390100
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facing forward. Mounted in the rear of the enclo-
sure is a 15-inch passive radiator for tight
extended bass. This design produces full-range,
high-definition sound from classical to contem-
porary music, although the unit is half the size of
other speakers that offer equivalent perfor-
mance.

The model MR Il does not require equalization,
and offers wide (90° X 60°) sound dispersion.
Frequency response is 46 Hz-20 kHz + 5dB. The
system incorporates a coil-guard circuit to pro-
tect speakers from damage from overload; that
protective circuit resets automatically.

The model MR Il is priced at $350.00.—GLlI, a
division of Integrated Sound Systems, Inc., 29-50
Northern Blvd., Long Isltand City, NY 11101.

models MT-80P and MT-80S, are
both in the MT-80 series of 125-character-per-
second, 80- and 132-column bidirectional print-
ers. They support the full upper case and lower
case 96-character ASCII set in three software-
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selectable fonts (5, 10, and 16.5 characters per
inch). The printers can handle up to three copies
plus the original. The 10-character-per-inch font
uses a 9 X 7 dot matrix.

These microprocessor-controlled printers con-

o
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¢ Reduces Your Electric Bill

e Save As Much As 40% on cost of
operating Appliances & Machines

e Starts Raying For ltself as soon
as it's installed

e Eligible for 15% Energy Tax Credit

® Appliances & Machines run quieter
and cooler

e Protects Motors from Burn-out
e Simple Plug-in Installation
e Patented Solid State Electronics

Kit Makés Electricity Cheap

You'll be

a little richer
after building
one of these...

Cut the cost of operating motor driven ap-
pliances and machinery AS MUCH AS 40%

$29- % KIT

FACTORY WIRED $36.95

e High Capacity 120 Volt 15 AMP
1 HP Motor Rating

e Compact 3" % 5" x 2" Package
® Easy Assembly

e Typical Applications
Swimming Pool Filters
Furnace and Attic Fans
Clothes and Dishwashers
Freezers
Air Conditioners
Saws
Grinders
Any AC Motor Driven Device

tain a 240-character buffer, expandable to 3K in
1K increments. A comprehensive self-diagnostic
program is automatically run on power up. The
printers have no duty-cycie limitations. Life ex-
pectancy of the print heads is 100 million charac-
ters. The mean time between failure is 1,000,000
lines. The units weigh 22 pounds and measures
7.3 X 17.7 X 14.8 inches.

The pin-feed paper handling system can be
adjusted to accept fan-fold forms varying from
1.0 to 9.5 inches in width. Paper can be loaded
from the rear or bottom.

The model MT-80P Centronics-compatible
paraliel interface version is priced at $795.00 in
single quantities; the model MT-80S serial (RS-
232) version costs $895.00 for single units.—
Microtek, Inc., 9514 Chesapeak Dr., San Diego,
CA 92123.

the Micro
Commander, connects a microcomputer to the
BSR X-710 system. It provides an easy, inexpen-
sive, and reliable way to control lights and appli-
ances (motors, TV, stereo, heaters, alarms, fans,
pumps, etc.) in a home or office using a micro-
computer. It is a direct interface to the AC line, so
there’s no need to purcha