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NOW YOU CAN AFFORD
g)?ai I\c/)v gr?nLt[e)r FTAe[;An?i rLlJ aSI

IPSI PROUDLY ANNOUNCES A PRICE
""T‘”‘L’"‘W”M\"M BREAKTHROUGH ON DAISY WHEEL
PRINTER TERMINALS

The IPSI Model 1622

Featuring: RS 232 compatibility at 110,
150, 300, and 1200 baud: Print speed of 45
char/sec: Graphics capability: Over 30 print
wheels from 10 to 15 char/inch: 5 ribbons
in color, cloth, film or two coior: Form
length adjustable: Spacing adjustable from
120 pitch to .1 pitch: Line spacing adjus-
table from 48 lines/in. to .4 line/in.: Identi-
cal in every respect to it’s high priced
sister the Diablo HyTerm II* mode!l 1620.

_.»\.- o wh.w»-\ \
FRICTIRNY ARTRARRARANNNY

g
i A

Price: $2,595.00 each in single units, quan-
tity discounts available.

Service: Major cities in the U.S. and Canada.

You have probably waited a long time to purchase your computer printer at a reasonable
price. Wait no longer! The Diablo 1620 lists for $3,240.00 we sell it for $2,595.00; save
well over $600.00. For immediate action phone in your order collect and we will ship
your terminal the same day.

We also stock Diablo 1345A (Hytype II*) mechanisms for immediate shipment at the
low price of $1,150.00. Order one now and build your own terminal using your own CPU,
or do-it-yourself by buying our 1622 kit and assemble your own terminal within 10 hours

for $2,295.00

If you've always wanted to turn your computer onto word processing, this is the only
way to go. Ask for our free word processing software.

|PS|

INTERNATIONAL PERIPHERAL SYSTEMS, INC.
4982 E. UNIVERSITY AVE.
FRESNO, CALIFORNIA 93727
CALL (209) 252-3635

*Hyterm and HyType are registered trademarks of Xerox Corp.
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769/01X
ENCYCLOPEDIA
OF COMPUTER
SCIENCE

by A. Ralston
and C. L. Meek
Pub. price, $60.00
Club price, $39.95

286/051
OPTOELEC-
TRONIC APPLI-
CATIONS
MANUAL

by Hewlett-
Packard

Pub. price, $19.25
Club price, $14.50

404/453
GUIDEBOOK OF
ELECTRONIC
CIRCUITS

" by J. Markus

Pub. price, $29.50
Club price, $21.50

772/622

SEMI-
CONDUCTOR
ELECTRONICS
DESIGN

by F. K.
Manasse

Pub. price, $21.95
Club price, $18.25

617/97X
HANDBOOK OF
OPERATIONAL
AMPLIFIER CIR-
CUIT DESIGN

by D. E. Stout
& M. Kaufman
Pub. price, $29.65
Club price, $17.50

491/380
MICROCOM-
PUTER-BASED
DESIGN

by J. Peatman
Pub. price, $23.00
Club price, $17.50

Introductory offer
to new members of the
ELECTRONICS AND GONTROL
ENGINEERS’ BOOK GLUB

any one

of these great
professional books

values up
to $60.00

162/468
INTEGRATED
CIRCUITS AND
SEMICONDUCTOR

DEVIGES:
Theory and
Application, 2/e

by G. J. Deboo
& C. N. Burrous

Pub. price, $17.95
Club price, $13.95

Special $1.89 bonus book comes to you
with your first club selection

353/670
MICROPROCES-
SORS AND SMALL
DIGITAL COM-
PUTER SYSTEMS
FOR ENGINEERS
AND SCIENTISTS
by G. A. Korn
Pub. price, $24.50
Club price, $18.95

629/218

DIGITAL
INTEGRATED
ELECTRONICS
by H. Taub and
D. Schilling
Pub. price, $23.50
Club price, $16.95

231/494
ELECTRONICS
DESIGNERS’
HANDBOOK, 2/e
by L. J.
Giacoletto

Pub. price, $47.50
Club price, $37.50

255/342
MANAGEMENT OF
ENGINEERING
PROJECTS, 2/e
by V. G. Hajek
Pub. price, $15.95
Club price, $12.50

209/804
ELECTRONICS
ENGINEERS’
HANDBOOK
by D. G. Fink

Pub. price, $45.50
Club price, $33.50

571/384
ELECTRONIC
COMMUNICA-
TION, 3/e

by R. L. Shrader
Pub. price, $16.95
Club price, $12.50

637/539

DIGITAL INTE-
GRATED CIR-
GUITS AND
OPERATIONAL-
AMPLIFIER, AND
OPTOELEC-
TRONIC CIR-
GUIT DESIGN

by Texas
Instruments
Pub. price, $16.50
Club price, $12.50

save time and money by joining the

——— MAIL THIS COUPON TODAY -——-

ELECTRONICS AND CONTROL ENGINEERS’ BOCK CLUB
P.0. Box 582, Princeton Road, Hightstown, New Jersey 08520

l Please enroll me as a member and send me the two books indicaled. | am
to receive lhe bonus book at the introductory pric2 of $1.89 plus my first selec-
ﬂ tion, plus tax. postage and handling. if not completely salisried. | may relurn

ELECTRONICS AND :1 Ii\
CONTROL ENGINEERS’ .4,’1 §
BOCK CLUB . fe, _ _

Here s a professional book club designed to meet your on-the-job engineering I I, however, | want an alternale selection—or mc bcok at all—1 simply nolify
‘needs py providing praptical books ip your field on a regular basis at below ‘ah?ng\lllr‘:ur:yorletl::\m:agyslh?n °£.§¥“Ji."';2"‘.§.3:ﬂ ?r::acyasrsr‘;r:gs;g& Iwm"cfelgi':y;yhi‘ﬁ
publisher prices. If you're missing out on important technical literature—if today’s | count fully, including postage. if this is not the case. Membership in the Club
high cost of reading curbs the growth of your library—here’s the SOIUtION 10 YOUT | {uqirement has besn flled. This order subject te 3cceprance by MEGran-Hill
problem. Orders from outside the continental U.S. must be prepaid. All prices subject to
The Electronics and Control Engineers’ Book Club was organized for you, to change withcut notice. Offer good for new members only.
provide an economical reading program that cannot fail to be of value. Admin- E Write Code # of $1.89 bonus Write Code # of
isterec by the McGraw-Hill Book Company, all books are chosen by qualified | book selection here first selection here
editors and consultants. Their understanding of the standards and values of the § I N I’ ]
literature in your field guarantees the appropriateness of the selections. M
How the club operates: Every month you receive free of charge The Electronics
and Control Engineers’ Book Club Bulletin. This announces and describes the I
Club’s featured book of the month as well as alternate selections available at
special members’ prices. If you want to examine the Club’s feature of the month, | ADDRESS
you do nothing. If you prefer one of the alternate selections—or if you want no
boock at all—you notify the Club by returning the card enclosed with each Bulletin. |
As a Club member, you agree only to the purchase of four books (including
your first selection) over a two-year period. Considering the many books pub- | state e
lishea annually, there will surely be at least four you would want to own anyway. | EXTRA SAVINGS: Remit in full with your order, plus any local and state
!

the books within 10 days and request that my membership be cancelled. If
| keep the books, | agree to take a minimum oi lhree additional books during
the next two years at special Club prices (guaranteed 15% discount, often

NAME ___ S _ - —

cITY

Ey joining the Club, you save both money and the trouble of searching for the | tax. and McGraw-Hill will pay all pcstage and handling charges. ESSSSOI
est boaks.
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Get Clamps, clips wire saddles, spacers,
your cable Fangers circuit toard supports,
fastenin act guides and dczens of other accessories.
g Your Mallory distributor Fas them. Pack-

t ether with aged the way you want them See him
og soor. Or contact Mallory Cistributor
Mall Rich Products Company, a divis or of P. R.
Ol'y- CO. Mallory & Co. Inc., Box 1284, Indianapolis,

Indicna 46206 (317) 856-2751.

& dﬁ#
allaglwlllﬁﬂfu Fasening Dexiges

AT . g 9 D(;‘;Au

(Parts shown actue! s ze.)

MALLORY

Czpecitars - Cortrals - Fastening Cevices - Resisko~3 = Secu-ity Products - Semiconductars - Soldedess Terminals - Senalsri® Signals - Switct es
CIRCLE 24 ON FREE INFORMATION CARD
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Radio-Electronics.

THE MAGAZINE FOR NEW IDEAS IN ELECTRONICS
Electronics publishers since 1908

JUNE 1978 Vol. 49 No. 6

ON THE COVER

When you want to keep track of
long-distance phone charges,
the first thing you need is a
record of how long you've been
talking. Digi-Toll does just that.
It also reminds you, with a
bright red digital readout right
at your phone, of how long
you’ve been talking. See con-
struction details starting on
page 69.

PERSONAL 37 Your Own Computer
COMPUTERS 38 Personal Computers—are they right for you?
SPECIAL 43 Peripherals—arms and legs
SECTION 47 Programing isn’t simple
56 Computer Corner
59 Equipment Directory
BUILD ONE 69 Digi-Toll Times Your Calls
Know how much your long-distance calls cost. Nifty toll-timer helps
OF THESE you keep track.
78 LED Bar Graph
LEDs all in a row serve as an analog meter in many applications.
82 Graphic Equalizer For Stereo Systems
Part li: Final construction details and some additional interior
photographs.
GENERAL 4 Looking Ahead
ELECTRONICS Tomorrow's news today.
73 Cabinets For Projects
Directory of cabinets you can use to house your projects.
80 Audio Oscillators
Part ll: More information on this old standby test instrument.
90 Hobby Corner
Keeping records, tool holders, grinding PC boards and reader
suggestions.
92 State of Solid State
A single IC adds true RMS voltage measurements to a multimeter.
94 Solar Controller
Microprocessor runs solar heating system.
124 What is AnLCD?
Inside the Liquid-Crystal Display.
TELEVISION 88 New MATV System
It’s easier to install and costs less to run. The circuitry is what
makes it run.
96 Service Clinic
Write it down—it's a dollar saver.
98 Service Questions
R-E’s Service Editor solves reader problems.
EQUIPMENT 24 B & K 1820 Frequency Counter
REPORTS 26  Hickok 517 Dual Trace Scope
28 Heath 5280 Test Instruments
35 Spyderco Portable Hand
DEPARTMENTS 156 Advertising Index 125 Market Center
14  Advertising Sales Offices 6 New & Timely
117 Books 110 New Products
14  Editorial 116  Next Month
16 Letters 157 Reader’s Service Card

W AT

LED BAR GRAPH is a nifty substitute for an
analog meter . . . and it’s easy to read. Turn to

page 78
9132
" o
i
- -? i D0 9/32
W
L

CABINETS FOR PROJECTS helps answer that
problem question of “What cabinet should |
use?”. Five pages of listing start on page 73.

Radio-Electronics, Published monthly by Gernsback
Publications, Inc., 200 Park Avenue South, New York,
NY 10003. Phone: 212-777-6400. Second-class postage
paid at New York, NY and additional mailing offices.
One-year subscnptlon rate: U.S.A. and U.S. possessions,
$9.98, Canada, $12.98. Other countries, $14.98. Single
copies $1.00. © 1978 by Gernsback Publications, Inc. All
rights reserved. Printed in U.S.A.

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

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

of p in the quality and condition of materials and workman-hlp used by readers, Radio-El
functioning of reader-built projects based upon or from plans or information

As a service to rcadon, Radio-Electronics publishes available plans or information relating to newsworthy products, Iochmqun ll!d scientific and |

hnalanical daval "

any p ibility for the safe and proper

in this
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loohking ahead

Computers go retail: First mass-market push for the
computer as a consumer product is under way, and as of
early spring there was heavy activity on several fronts. In
some cases, big retailers were testing the waters to see if
the buyers and the product were ready for one another. In
other cases, the resuits were already in and dealers were
highly pleased with early sales.

Macy’s chose the San Francisco area for a market test in
13 of its stores, with a promotion campaign for the $500
VideoBrain home computer. A store spokesman said some
two dozen computers were sold during the first day of the
promotion, about one-third going to consumers who
weren’t technically oriented and *‘didn’t even know what a
home computer was’ before Macy's broke its ad cam-
paign. Other department stores understood to be handiing
VideoBrain include Macy’s and Bloomingdale’s in New
York, Maas Brothers in Florida, Dayton’s in Minnesota and
May Co., Broadway Stores, Bullock’s and Robinson’s in
Los Angeles.

Radio Shack heid a special heavily advertised computer
promotion in its Phoenix stores, offering the TRS-80 for
same-day delivery. Its other stores had been taking orders,
promising six-to-eight-week delivery. Radio Shack has also
established a new retail division called Tandy Computers,
which has issued its first mail-order catalog, and opened its
first store in Fort Worth. Apple Computers has been
successfully marketing at retail through about 50 Team
Electronics stores and is adding other outlets, including
traditional hi-fi and camera retailers.

Meanwhile, Magnavox is introducing a new product
called **Odyssey Mark Il Computer Video Game System."”’
It's actually more a game than a computer and will sell for
less than $200—but it will have both joy-stick controllers
and a full alphanumeric keyboard. It uses an Intel micropro-
cessor, and will be programmed by ROM cartridges at
about $20 each. Retail sales will begin in the fall.

New from Sony: Sony has been making plenty of news
with new and revamped products, some for delivery soon,
others later. The company demonstrated in Japan a CCD
color camera using three MOS chips measuring 9.1 X 10.3
mm, each with 226 horizontal and 492 vertical elements for
a total of 111,192 picture elements. Sony said the camera
uses a proprietary *‘special offsetting technique’ which
effectively doubles horizontal resolution, claiming that
more than 280 lines of horizontal resolution can be
attained. The camera’s size and weight are claimed to be
about the same as a super-8 home movie camera. Sony
officials said the color camera will sell for $835 to $1,250
when it's marketed in Japan in fall 1979, but that they
ultimately hoped to be able to sell a CCD color home video
camera for less than $500. RCA recently demonstrated its
own CCD color camera and said it would take commercial
orders in 1979 (see Radio-Electronics, April, 1978).

Sony aiso is introducing in the United States for the first
time its three-tube projection television system. It uses
special 9-inch monochrome tubes as the picture source,
with two lenses and a mirror system to throw a bright
picture on a screen mounted atop the one-piece fold-up
cabinet. The projector will be available this fall in 50- and
72-inch diagonal screen sizes in the $3,000 range. Bright-

ness is claimed to be 60 footlamberts with the smaller
screen and 30 with the 72-inch screen.

At the same time, Sony is updating both its Betamax
home videocassette recorder and its color TV line. A new-
model Betamax will have built-in LED electronic clock-
timer and remote pause control. Unlike the former model,
which could record and play in both fast and slow speeds, it
will be a single-speed unit, designed for the L-500 tapes,
which have a two-hour recording time, or the new L-750,
which step this up to three through the use of thinner
tape.

Sony’s TV line wil feature new, brighter Trinitron tubes
and a new chassis designated “I2’’ and said to be designed
for “ease of accessibility and service.” When two screws
are removed, the chassis slides out of the set into an acces-
sible service position with the circuits still connected and
operable. The chassis may be turned on its side without
tilting the set.

Service complaints down: TV servicing complaints
received by the National Better Business Bureau declined
in 1977 from 1976. Television service companies in 1977
ranked ninth in number of complaints received by local
Better Business Bureaus, down from eighth in 19786,
complaints dropping from 9,394 to 9,113. In 1977, some
74.8% of complaints were settled as opposed to 72.4% in
1976. Analyzing 1977 television servicing complaints, the
National Better Business Bureau said 61.9% of the com-
plaints involved unsatisfactory repair, 16.9% unsatisfactory
service, 5.9% guarantee or warranty, 5.6% credit or billing,
2.8% delayed delivery, 2.7% product quality or perfor-
mance, 1.3% selling practices, 1.2% advertising practices,
0.9% failure to provide refunds and 0.7% discontinued
business.

Varactors & remotes: Electronic tuning is gradually
taking over American television. According to EIA figures,
31.1% of all color sets produced or imported last year
contained varactor tuners—including 57.5% of consoles
and 20.9% of portables and table models. At the same
time, remote control finally became an important TV
feature, included in 12.7% of new sets last year, as
compared with 10% in 1976.

In ‘black-and-white, the growth trend continued to be
toward AC-DC portables, but their share of the market
increased only slightly from 1976 —to 16.5% of all mono-
chrome sets, up from 15.6%. Incidentaily, 11- and 12-inch
sets accounted for 57.4% of black-and-white production
last year. in color, 19-inch was by far the most popular size,
representing 44.2% of production.

Want to know what color sets sell for at the factory? The
International Trade Commission makes quarterly studies in
connection with the color quota on imports from Japan. Its
latest tally represents average factory prices of color sets
made in the United States by screen size during the fourth
quarter of 1977: A 13-inch averages $225.56, the 16- and
17-inch bracket $299.10, 19-inch sets $297.35, and larger
screen (20 inches and up) average $456.67. All sizes

together average out to $349.23.
DAVE LACHENBRUCH
CONTRIBUTING EDITOR
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The world’s largest catalog
of easy-to-build, money-saving

electronic kits
He atinicit

1978 1 atn Company
oo ath and Mestmais  are tegiesi.ed
Farvmetas o0 Moot C ompary

SBERING — 1378

MEW. EXCITING M)ITS!?
. GARABLANCAEIN o 34
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4 B MRETTIOMAS WA T ARTER
»

o DELUXE COIETHAC TG
MET AL COCATER o

noarly 400 fun-10-
it money-sav ng
kit® n3d asasmbied prodicls
POWERBU | INFESRATED PERSONAL
COMPUTER IVSTEWMS o LGW COSY
BELF INSTRUCTION ERECTRONICS COVMRSE
® PROGRAMMABL: CCROS TV » STEREO WS

@ QUALITY TER" INSTHIMENTS ® AMATEL R
RADIO GEAR » MRRISE. AUTO AND WG Ku s

INCEN N PAGE 2

HEATHKIT MAIL DRDER CATALOG €20

Personal Computer Systems now including Floppy Disk Storage
Power Supplies @ Oscilloscopes @ Frequency Counters @ VTVM’s and VOM’s

Electronic Clocks and Weather Instruments ® Learn-at-home Electronics Courses

o
@
® Ham Radio Gear @ Digital Programmable ColorTV @ Hi-Fi Components
@
@

Auto, Fishing, Marine and Aircraft Accessories — nearly 400 kits in all!

Every Heathkit product comes with a fully-
illustrated, step-by-step assembly manual that
tells you everything you need to know to make
kitbuilding fun and easy. Thousands of people
have discovered the satisfaction —and savings
— of handcrafting a fine piece of electronic
equipment. You can build it better. . _let us show
you how.

Send for your FREE Catalog today! »

Heath Company, Dept. 020-420, Benton Harbor, Michi

gan 49022

HEATH L 1 r 0 0 1 B |
Schiumberger Heath Company, Dept. 020-420

Benton Harbor, Michigan 49022

Please rush me my FREE Heathkit Catalog.
I am not on your mailing list.

NAME
ADDRESS

CITY STATE
CL-857 zZie___
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ely

District of Columbia
communications system links city
ambulances with hospitals

A major communications network be-
tween the District of Columbia ambulances
and 15 participating hospitals in the area
will soon be complete, according to Albert
P. Russo, director of the Department of
Human Resources.

This network is a vital element in the D.C.
Emergency Medical Services System,
which will not only provide city ambulances
with a direct communication line to the
hospitals, but, Mr. Russo adds, also allow
for interhospital communication, thus pav-
ing the way for future linkage with emer-
gency medical communications systems in
other surrounding areas.

The system consists of a transmission
console at the District Fire Department
Communications Center, in addition to re-
ceiving consoles at the hospitals. The sig-
nals are transmitted via a 180-foot tower at
the center, which handles all voice and tele-
metry communications between ambu-
lances and hospitals. When the system is
complete, all 15 participating hospitals will
be able to avail themselves of voice com-
munications, while seven hospitals will be
equipped to receive medical data telemetry
(i.e., electrocardiogram data).

Fire Department ambulances are equip-
ped with 10-channel two-way radios, plus
patient-side portable radios, so that physi-
cians can relay vital information on patient
treatment.

General Motors trip computer
system is option in 78 models

General Motors has developed a trip-
computer system called the TripMaster
that can be had as an option in their 1978
Cadillac Seville models for $875.

GENERAL MOTORS TRIP COMPUTER is avail-
able in 1978 models. Pushbutton-controlled,
dash-mounted system provides 11 pieces of
information, from estimated and actual fuel
consumption to estimated time of arrival based
on remaining fuel and driving range in miles.

The TripMaster (with which the car owner
also receives a digital speedometer and
digital fuel readout gauge) is pushbutton-
controlled, providing such information as
amount of fuel remaining; average speed;
average and actual miles-per-gallon; total

elapsed trip time; miles car can be driven
on remaining fuel; miles to destination;
estimated arrival time; time of day; the
engine RPM; temperature; and system
voltage. The heart of the system is a M6800
microcomputer. The digital display is a gas-
discharge readout for maximum daytime
visibility.

The TripMaster is envisioned as only the
first step in what will eventuaily be a com-
pletely computerized automobile. Comput-
ers will soon control such operations as the
carburetor system, fuel injection, exhaust
gas recirculation, air conditioning, cruise
control and theft-alarm systems.

24-hour electronic “beeper”
protects the elderly or ailing

Heart patients, disabled or elderly per-
sons living in isolated conditions can now
avail themselves of a 24-hour electronic
“beeper” device that can be worn around
the neck or carried in a pocket for help in
emergencies. It has an effective range of
only 300 feet, because Federal regulations
prohibit greater distances.

The device is a battery-powered trans-
mitter and weighs about an ounce. Press-
ing a button or squeezing the device acti-
vates a transistorized unit hooked up to a
telephone in the home. This unit then dials
a pre-recorded message (giving name, ad-
dress and type of emergency). This mes-
sage is sent either to a centralized comput-
er, which translates the coded beep for a
private operator who contacts the neces-
sary party, or dials the call directly to a
preselected list of numbers—police, fire
department, physicians, hospitals, friends
and neighbors.

There are several systems on the market,
among them the Lifeguard (Life-Guard
Systems, Inc. Kenilworth, OH), Safeguard
(ADT Security Systems, Inc., of Ohio) and
Microlert (Microlert Systems, Toms River,
NJ). Their cost is high: The Microlert pocket
transmitter costs $695, and the pendant
transmitter, $995; rental costs run from
$30 to $50 a month. (A Life-Guard Systems
spokesman says the Lifeguard can be
rented for $20 a month, less installation
costs and telephone line rental.) At present,
no Medicaid or Medicare funds are avail-
able to help defray these costs, although
some people have been able to list the
devices as a tax deduction if they are
doctor-recommended. Presently, more
than 1000 people are using such systems in
the United States.

New York organization for the blind
tapes best sellers

In New York City, the Jewish Guild for the
Blind has gone into the “‘best seller” busi-
ness. They have developed a cassette
library of current fiction and nonfiction that

is recorded almost as soon as the books
themselves hit the market. Bruce Massis,
Guild librarian, cites the fact that the clas-
sics are already available on records, and
adds that the Guild is the only organization
that does the best sellers “‘hot off the
press.” And about a year and a half ago,
different sound effects were added to the
recordings, greatly adding to their popular-
ity.

It takes both sides of about 10 cassettes
to record a complete book. The cassettes
are marked in Braille so that the blind
person is able to play them in sequence.
The average recording time for a book is
approximately a month, depending on how
much time the volunteer reader can devote
to it. Copies of a given book can be made
by machine, producing nine cassettes on
both sides in about nine minutes.

The cassettes are mailed free anywhere
in the U.S., the cost of mailing being under-
written by the U.S. Library of Congress. To
date, the Guild claims 950 steady custom-
ers; however, many more are able to hear
the recordings via special network pro-
grams for the blind. Printed catalogs are
available that are updated four times a year
with supplementary listings sent out to reg-
ular readers. Special Braille catalogs are
also available for those who prefer them.
For information, contact the Jewish Guild
for the Blind, 15 West 65th Street, New
York, NY 10023.

Top 1977 vocational students
compete in '78 vocational Olympics

In February, 1978, a week-long competi-
tion was held in Dayton among last year's
top vocational students. The young contes-
tants were vying for selection to the 1978
U.S. International Skill Olympics, to be held
in Pusan, Korea, in September.

The 28 contestants were all high scorers
in the 1977 U.S. Skill Olympics, sponsored
by the Vocational Industrial Clubs of Amer-
ica (VICA), the national organization for
students enrolled in trade, industrial, tech-
nical and health education studies.

The individual selected to represent the
electrical trades in the International Olym-
pics is Mark Agee, Spokane, WA. The field
of industrial electronics will be represented
by Neal Sedell, Vancouver, WA, and Erik
W. Wolfner, Miramar, FL (alternate). For
radio and TV repair, the participants will be
Richard A. Lomax, Camden, DE, and Terry
M. Williams, Wheelersburg, KY (alternate).

Hams invited to participate in
Enterprise space launch
The Kennedy Space Center Amateur Ra-
dio Society (SCARS) once again will invite
amateur radio stations around the world to
call the SCARS station to participate in the
continued on page 12
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Uncompromising performance.
Incredible price.
A professional 32 digit DMM Kit for less than $70.

MODEL 2000 sabtronics @

FUNCTION EEEEnE——— fSSSsssssmens  RANGE
MAC NP 2410V
100mv 10V 1KV £

e—————— 10gA ImA 100mA

POWER AC  VOLT AMP  OHM —— IMQ 10kQ2 1002 =x10

Incredible? True! Professionals and hobbyists alike are
believers in this Sabtronics 2000, the only portable /bench
DMM which offers such uncompromising performance

at the astonishingly low price of $69.95.

Uncompromising performance you'd expect only from

a specialist in digital technology such as Sabtronics:
Basic DCV accuracy of 0.1% + 1 digit; 5 functions giving
28 ranges; readings to £1999 with 100% overrange;
overrange indication; input overload protection;
automatic polarity; and autormatic zeroing.

The low price of $69.95? Simple: The Mode! 2000 is all
solid-state, incorporating a single LS| circuit and high-
quality components. You assemble it yourseif, using our
clear, easy-to-follow, step-by-step assembly manual.

Kit is complete, including a high-impact case. T

Now you too can have it! A professional-quality, 3% digit
Sabtronics Model 2000 DMM kit for only $69.95. If you
don’t have one in your lab, use the coupon below to
order NOW.

BRIEF SPECIFICATIONS:

DC volts in S ranges: 100 uV to 1 kV - AC volts in 5 ranges:
100 pV to 1 kV - DC currentin 6 ranges: 100 nAto 2 A

- AC current in 6 ranges: 100 nA to 2 A - Resistance:

0.1 Q to 20 MR in 6 ranges + AC frequency resporse: 40 | e e SO L O S L O L L LT L G Ll s CIT R |
Hz to 50 kHé- Displag: 0936; (9.1 m\;vn) 7és;gr[r)1em LED I To: Sabtronics International, Inc. pee |
* Input impedance: 10 MQ - Size: 8" Wx 6.5 Dx 3" H 13426 Fioyd Circle, Dallas, TX 75243 !
(203 x 165 x 76 mm) - Power requirement: 4 *'C"' cells : PEESIEkgDATRS [
(not included). l Please send me.___ Sabtronics Model 2000 DMM Kit(s) (]
GUARANTEE: i at§69.95each ..... ‘ $ []
Examine the 2000 DMM kit for 10 days. If not completely 1 Shipping and hardling, $5.00 per unit* § 1
satisfied, return unassembled for full refund of purchase | Texas Residents Add Sales Tax § 1
price. (Less shipping and handling) ] TOTAL enclosed $ ]
Use your Master Charge or Visa. i Name '
To order by phone call: (214) 783-0994 ] :
b Street
] |
1 city 1
bt ics 7 | :
Sa ronicsS Y "
INTERNATIONAL INC. 1 -usa only. Canada $6.50. All other countries, $10.00 {surface mail) 1
13426 Floyd Circle mDallas, Texas 75243 S ——
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NRI BRINGS “POWER-ON”
TRAINING TO YOUR HOME...
FOR QUICKER, EASIER
LEARNING AND

FASTER EARNING

First and only school with designed-
for-learning Quadraphonic Audio Center
with four SP14 speaker systems. This
solid state SQ ™ system is designed so
that you perform meaningful experiments
assembiy .
St

at every stage of
thorough

training in audio
technology.

“Trademark of CBS. Inc

You get trouble-shooting experience from the chassis
up . . . with NRI’s unique training equipment.

The “firsts” described here are typical of NRI's over 63
years of leadership in electronics home training. When
you enroll as an NRI student, you get the technical
knowledge and the priceless confidence of 'hands-on”’
experience sought by employers in communications, TV-
audio servicing, computers, and industrial and military
electronics. NRl training is designed for your education . . .
from the educator-acclaimed Achievement Kit sent the
day you enroll, to bite-size, well illustrated, easy-to-read
lessons programmed with designed-for-learning training
equipment.

NRI Firsts make learning at home fast and fascinating.
More than a million have come to NRI for home training.
Professional TV/Audio technicians who learned their
profession through home training rate NRI as first choice
by far, over any other school.

SEND FOR THE FREE FULL-COLOR CATALOG . . . for
full details on NRI home training. There is no obligation . . .
no salesman will call.

.. for

First with an electronics Discovery Lab™ This self-contained
advanced solid-state lab gives you fast, hands-on access to fully-
powered semiconductor circuitry. NR| is the only school with all
these modern solid state -
component experiments in:
bipolar and field effect
transistors, Zener diodes,
light-emitting diodes,
SCR's and
phototransistors.

“McGraw Hill CEC

First and only school with
new Optical Transmission
System engineered to
allow you to analyze
digital and analog signal
transmission via light
beam. Systems you build
use LED and
phototransistor
technology, simulating
basic principles of laser
communications as used
in video disc home
entertainment systems.

www.americanradiohistorv.com
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First and only school with designed-for-learning
25" diagonat solid state Color TV complete with

cabinet. This solid state set was designed by

NRl's own engineers from the chassis up so tnat
students can perform over 25 in-set experiments

during construction, including valuabie
"Power-On"' trouble-shooting.

First and only training with an actual
programmable digital computer to give
you the only home training in machine-
language programming . . . essential to
trouble shooting digital computers. Extra
Memory Expansion Kit doubles memory
size for praciice in advanced
programming techniques.

frequency counter

you experience in the
newest types of digital
systems coming into
expanded use in
consumer electronics.

First and only school with
a portable CMOS digital

engineered by NRI to give

~ren, -
S
o o

First and only school with

First and only school with a solid state
regulated power supply engineered by
NRI to give you experience with modern
power supply designs; to give you a
premium power supply for your NRI
Transcelver, or to use In trouble-
shooting mobile equipment.

an Antenna Applica- ~ tions Lab
engineered to give you a thorough
understanding of practical communica-
tions antenna requirements. You assem-
bie and test several different types of
antennas and matching sections, meas-
uring gain and radiation patterns.

First and only school with designed-for-
learning, 400-channel, digitally-

WwWwWw.americanradiohistorv.com

synthesized VHF Transceiver to give you
the only fully-up-to-date 2-meter
equipment for complete training in
commercial, amateur, and CB
communications. The design
incorporates circuitry and components
representative of the latest state of the
art. Circuitry is on five plug-in circuit
cards to take full advantage of NRI
“Power-On"" training.

If card is missing, write 10:

NRI1 Schools
NRI McGraw Hill Continuing
:‘r" Education Center

. 3939 Wisconsin Ave.
il Washington, D.C. 20016

8261 INNM
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first launch of U.S. space shuttle En-
terprise. Those hams that successfully con-
tact the station will receive a Special Event
Commemorative Certificate showing the
space shuttle.

For this special event, the station plans
to operate on three separate modes: single
sideband, radio telegraphic and novice
code, all timed to coincide with lift-off oper-
ations. Those amateur operators who wish
to participate in this event should contact
the Space Center Amateur Radio Society,
Box 21073, Kennedy Space Center, FL
32815, or call Carl Zelich (305) 867-2194 or
(305) 452-6410.

Vanadium disulfide—adds new life
to lithium battery

Bell Laboratories have developed an
experimental rechargeable high-energy
lithium battery cell that can operate at
room temperature without any noticeable
physical change or deterioration. What has
added new life to the lithium battery is
previously undiscovered material, vana-
dium disulfide, that provides the stability
lacking in other battery materials, such as
nickel cadmium.

The Bell studies of ‘‘layered com-
pounds’ —materials resembling mica and
graphite—Iled to the discovery of vanadium
disulfide's special properties. In the Bell
battery, vanadium disulfide makes up the
basic positive electrode terminal, while lith-
ium forms the negative electrode. During
battery operation, electrons leave the lithi-
um electrode and pass through the layers
of vanadium disulfide; simultaneously, lithi-
um ions in the electrolyte flow into the
spaces between the layers of vanadium.
This results in minimal physical changes;
thus, when the battery is recharged the
electrons and lithium ions are expelled and
the structure returns to its original condi-
tion.

The new lithium battery is lightweight
and provides 2.5 volts, or almost twice the
voltage of NiCad cells, used in most mod-
ern electronic devices.

Radio Shack microcomputer system
rated leading contender in field
Speaking before a meeting of the Mor-
gan Staniey first annual Personal Comput-
er Conference, Radio Shack president
Lewis Kornfeld expressed his confidence
that Radio Shack’'s TRS-80 Microcomputer
System will be one of the leading systems
in the field. He underscored this by assert-
ing that it was Radio Shack’s intention to
“explore and enter the market for comput-
ers in order to serve small business . . .
professionals, students and hobbyists.”
The TRS-80 system was introduced in
1977. It is completely prewired and tested
and consists of a 53-key professional key-
board and microcomputer, power supply,

data-cassette recorder, video display mon-
itor, plus a comprehensive owner’s manu-
al—the whole system selling for $599. Pre-
recorded cassette programs are available
for smail business payroll and personal
finance management and educational
courses such as math, algebra and a pro-
gramming course.

Mr. Kornfeld also announced a new
expansion interface and ROM converter, a
mini-floppy disc drive, a line printer, new
software, as well as complete TRS-80
expanded systems.

' Domestic satellites to provide large-

scale telecommunications services
Satellite Business Systems (comprising
Aetna Life & Casualty, Comsat General and
IBM) and Hughes Aircraft have joined
forces to build three domestic satellites,
the first designed to provide large-scale
telecommunications services to both com-
mercial and government users in the U.S.

SATELLITE BUSINESS SYSTEMS spacecraft
will transmit high-frequency signals to be re-
ceived by roof-mounted earth antennas. The
solid white beam represents area of U.S. cov-
ered by spacecraft’s strongest signals.

The SBS satellite system will permit
installing unmanned, automatic earth an-
tennas in urban areas without interfering
with other terrestrial signal systems or
spacecraft. The 12-gHz signal output will
be 20 watts, rather than the normal 5 or 6
watts, and the stronger signals will enable
roof-mounting the antennas, or installing
them in office parking lots. All 48 states will
be served by the system, with the strongest
signals beamed to 5-meter dish antennas
in densely populated east-central and west

b
N
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coast areas; the rest of the country will be
served by 7-meter parabolic earth anten-
nas.

It is expected that the satéllites will be
launched via space shuttie to an eventual
orbit at an estimated altitude of 36,000
kilometers (22,300 miles). The projected
date of launch is 1981.

New executive director for IESA

As of February 1, 1978, Leon F. Howland,
CET, will be the new executive director of
the Indiana Electronic Service Association
(IESA). Mr. Howland will take the place of
retiring Tom Bertrand.

Mr. Howland has served as IESA direc-
tor, as well as a legislative lobbyist when-
ever the state of Indiana enacts legislation
concerning the electronic service business
and technicians. He has also served as
chairman of the TV-Radio licensing board;
as a past president of IESA (twice); and as
an officer in NEA. He is presently also
director of ITTA, an Indianapolis associa-
tion of more than 100 trade firms.

Cable TV subscribers to get
computer-controlled alarm systems

A new computer-controlled alarm sys-
tem in Dayton, OH, connects the area's
cable TV subscribers with a central com-
puter-controlled alarm panel that is moni-
tored for 24 hours.

In this system, the fire, smoke or burglar
alarm detectors are installed at the sub-
scribers’ home entrances, and are con-
nected both to the central alarm panel and
to the TV cable. Triggering the detector
flashes a set of programmed instructions to
the central video screen at the monitoring
station. At his end, the subscriber, if he is
home, can press a pushbutton to show
what specific emergency aid he needs—
medical help, an emergency squad, or the
assistance of a nearby relative.

Although no rates or installation charges
have yet been determined, it is estimated
that a complete cable TV alarm system
could cost several hundred dollars.

SCTE elects 1978 slate of officers

The Society of Cable Television Engi-
neers (SCTE) recently announced its new
officers and board for the 1978-1979
term:

Robert Bilodeau, president for the sec-
ond term; Harold Hull of Sarasota, FL,
Eastern vice president; Gayheart C. Kley-
camp, San Angelo, TX, Western vice presi-
dent; Judith Scharf, Denver, CO, secretary;
and Edward Horowitz, NY, treasurer.

The following regional directors were
also elected: Frank J. Bias (Region 1);
Glenn Chambers (Region 2); Bruce Uerling
(Region 3); William Ellis (Region 4); John
Weeks (Region 5); James Grabenstein (Re-
gion 6); and John Morovich (Region 7).
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READY for BUSINESS

We've got it all together—the cost effectiveness and reliability of our 6800 computer system
with a high capacity 1.2 megabyte floppy disk system...PLUS—an outstanding new DOS
and file management system.

g CT 64 K537 2.9

1 MEGABYTE DISK SYSTEM
DMAF1 introduces a new level of capability to
small computer systems. This disk system fea-
tures two standard size floppy disk drives using
the new double sided disk and two heads per

type controller and double sided disks give the
system speed of data transfer unobtainable with
smaller drives.

OPERATING SYSTEM

drive. Usable storage space of over 600 kilobytes
per drive, giving a total of over 1.0 megabyte of
storage on line at all times. Ideal for smal! busi-
ness applications, or for personal ‘‘super’” sys-
tems.

DMA CONTROLLER

The controller occupies one main memory slot
in an SS-50 bus and uses the Motorola MC-6844
DMA controller. The combination of a DMA

DMAF1 Disk System (assembled) . . ........
DMAF 1 Disk System (kit). ...............
68/2 Computer with 40K of memory (assembled)

Sl

To compliment this outstanding hardware we
are supplying equally superior software. The
disk operating system and file management sys-
tem is called FLEX. It is one of the most flex-
ible and complete DOS’s available for smali sys-

tems, but just as important; it is easy to use.
No one can match the variety of compatible

peripherals offered by Southwest Technical
Products for the SS-50 bus and the 6800 com-
puter system. Now more than ever there is no
reason to settle for less.

............................ $2,095.00
............................ $2,000.00
......................... $1,195.00

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216
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editorial

Where have all the designers
gone?

The integrated circuit has done a lot of good things. Actually, it has
caused a lot of good things. Complex electronic devices grow smaller.
Prices of electronics devices seem to manage to hoid their own in the
face of inflation. And electronic equipment steadily grows more
reliable.

But what seems to be missing is the designer. Oh sure, there’s still an
engineer around who takes a bunch of IC’s (black boxes) and wires
them up to form a ‘‘new device’’. The only trouble with this is that this
is not really designing . . . oris it?

We have our ideas on this subject, and would like to compare them
with yours. We want to know what you think about the state of
electronic design today. What exactly is electronic design? What does
an electronic designer do? Is he designing when he takes IC’s and
connects them together to make a circuit? Is the only designer left, the
man who devises those IC's we all use?

Most important of all, do you think that the integrated circuit has
slowed down the development of new electronic devices or has the
integrated circuit shortened development time? Remember! Making a
device smaller or less expensive is not the same as coming up with an
entirely new device.

The subject is interesting and important. Let’s have your comments.

Pk

LARRY STECKLER
Editor

Wwww.americanradiohistorv.com
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NTS trains you on
tomorrow’s equipment.Today.

Microcomputers, digital systems and more...
from the first name in home study.

Now NTS training programs include an even
wider choice of solid-state digital equipment
than ever before offered in any electronic home
study course. Advanced NTS/Heath digital
color TV (25" diagonal with optional program-
ming capability), NTS/Heath digital computer,
digital test equipment, digital stereo receiver (70
watts per channel) plus much more state-of-
the-art equipment to make your training exciting
and relevant. Learn servicing and maintenance
easily with step-by-step Project Method lessons
and kits.

An all-new full color catalog shows you exactly
what each of the fourteen courses cover, and
every piece of equipment you receive.

Send for it today and see for yourself what's
really happening in electronics training technol-
ogy at NTS. It's free. Just send the coupon.

NO OBLIGATION. NO SALESMAN WILL CALL.
APPROVED FOR VETERAN TRAINING.

NATIONAL Gcd SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905
Residant and Home-Study Schools
4000 South Figueroa St., Los Angeles, Calif. 90037

NATIONAL TECHNICAL SCHOOLS Dept. 206-068 l
4000 South Figueraa Street, Los Angeles, California 90037

Please send FREE Color Catalog and Sample Lesson. I

[J Color TV Servicing

OB & W TV and Radlo Servicing

O FCC License Course
Electronic Communications

) Electronics Technology

) Audio Electronics Servicing
Digital Electronics
MicroComputers/MicroProcessors l

Name S
Address

Apartment Number Age
City
State _Zip

OCheck If interested In G.1. Bill information.
CCheck if Interested ONLY in classroom training in Los Angeles. l
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letters

IN DEFENSE OF AMERICAN TV’S

| would like to answer some points raised
by Mr. Kubilus in the Letters column of the
January 1978 issue.

| have been associated with the TV
industry for 11 years as an electronics engi-
neer, and for two of those years operated a
TV service business. | am also English, and
during visits across the Atlantic have taken
a natural curiosity in TV sets over there.

Mr. Kubilus questions the large number
of screws used to secure the backs of U.S.-
made TV sets. In this country, manufac-
turers voluntarily subscribe to Underwrit-
ers Laboratories, and meet or exceed all
the safety specifications laid down by that
independent organization. These specifica-
tions apply to the back of the set as well as
to the rest of it. For example, the maximum
slot size, distance of back material from
chassis parts and back security are all
specified. After all, removal should not be
so simple a child could do it!

U.L. has also determined the type of wall
plug to be used: polarized for a “hot”
chassis and, if desired, nonpolarized for

sets with an isolation power transformer. |
am sure no one would disagree with this
elementary safety precaution.

Mr. Kubilus may be a competent ‘‘do-it-
yourself” expert, but many are not. Experi-
ence in the TV repair business has amply
demonstrated to me that “a little knowl-
edge can be a dangerous thing.” A sche-
matic diagram invites the attention of such
people into an area that is potentially very
dangerous. Special techniques must often
be used, particularly with today's solid-
state technology.

In many states, the law requires an item-
ized receipt for repair work be given the
customer together with the return of old
parts. In Utah, for example, the state
requires samples of shop tags, etc., and
checks they meet quite extensive legal
requirements. So, if a previously repaired
set does not have the repair information
attached, the customer should have his
copy. However, | doubt if such information
is of much use to service technicians.

It is my opinion that TV sets produced in
the U.S. within the last five years are very
serviceable indeed. Plugs and sockets are

widely used, and, in many cases, only two
screws have to be removed to take off or
slide back the chassis. Plug-in modules
have been used extensively by some manu-
facturers and are easily replaced. Tuners
can usually be removed by loosening either
two or four screws.

| do not share Mr. Kubilus’ concern for
parts standardization. Several parts suppli-
ers in this country make it their business to
analyze TV sets as they come on the
market. They produce extensive cross-
reference manuals and cover everything
from transformers to IC’s. Besides, an
experienced technician will know what
available part he can use with safety when
faced with a faulty original.

U.S. consumers are very fortunate. They
have a considerable selection of good-
quality TV sets available at very reasonable
cost. To purchase a medium-priced 25-
inch color console model represents an
investment of about 4'%:% of the average
wage-earner’s yearly salary. In Europe the
investment is closer to 12%.

DAVID J. H. APPLEBY
El Paso, TX continued on page 22

'Another reason to join RCA's QT Part*sulirogram! ”
You get four free information packages every year.

www.americanradiohistorv.com

RCA’s QT-150 Parts Program is better than ever!

Registered dealers receive four free

information mailings per year through RCA’s

Direct Information Service program.
Quarterly mailings include:

e Complete Dealer Price Book — RCA Consumer
Parts ® Latest Price Supplement ® RCA
Drawing Number to Stock Number Cross

Reference ® Color TV Module Cross

Reference ® B&W TV Module Cross Reference

® Dealer QT Inventory Control Form;
and many other useful publications.

To join, contact your RCA Distributor

and register as a QT Dealer. You will receive
your package of 150 of the most-needed,
fastest-moving parts to repair older TV sets.
You will also receive your first quarterly
information package. Every information

mailing will include the latest price
publication, plus additional infor-
mation about RCA Parts required in
your servicing business.

Don’t forget, your QT Parts inventory
program has automated annual drop-ship
updating for your convenience. A special

QT Parts Rack is also available
to save time and space.

Call your RCA Distributor or write to

RCA Distributor and Special Products Division,

Deptford, N.J. 08096.

RGA QT Parts
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specialists.

If you’re interested in learning how to fix air
conditioners, service cars or install heating
systems — talk to some other school. But if
vou’re serious about electronies, come to
CIE -The Electronies Specialists.

AR £ B tirrivgy e

Special Projeects Director
Cleveland Institute of Elecetronics

www.americanradiohistorv.com
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My 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 abroken bone, either. Would you?

For these things, you’d want a
specialist. And vou'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.

I'll tell it to you straight. If you
think clectronics 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 somc 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
you take, vou'll do most of the basic
things professionals do every day —
things like servicing a beautvof a
Zenith color TV set. . . or studyving a
variety of screen display patterns
with the help of a color bar generator.

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 vou
need specialized help, you get it fast
... in writing from the faculty spe-
clalists best qualified to handle
vour 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.

In fact, in continuing surveys nearly
4 out of 3 of our graduates who take

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

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
vou 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,

Patterns shown on TV and oscilloscope screens are simulated.

r------------‘-----l

Cleveland Institute of Electronics, Inc.

1ClI
3

1776 East 17th Street. Cleveland, Oho 44114
Accredited Member National Home Study Councit

www.americanradiohistorv.com

. L1 YES... John, I want to learn from the specialists in clectronics — CIE.
Send me my FREE CIE school catalog — including details about troubleshooting

. courses — plus my FREE package of home study information. RE-36
Print Name N

. Address_ - - - Apt.

. City _ -

l State Zip 3
Age ~ Phone (arcacode) __ = =

. Check box for G. 1. Bill information: Veteran Active Duty

l Mail today?

N

8461 INNC

N
-
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LETTERS
continued from page 16

TEXAS COMPUTER GROUP

Your readers in the Permian Basin area
of Texas might be interested to know about
the Permian Basin Computer Group.

Our group has monthly meetings in the
cities of Midland and Odessa. (In Midland,
the meetings are held on the second Mon-
day of the month, and in Odessa, on the
second Saturday of the month.) Everyone
is invited to attend the meetings, regard-
less of educational background, and no
dues are collected.

For further information, write Permian
Basin Computer Group, John Rabenaldt,
Ector County School District, Box 3912,

Odessa, TX 79760, or phone (915) 332-
9151, Ext. 43.

JOHN RABENALDT

Odessa, TX

CAPACITORS & BATTERIES

Hurray! | was sure glad to read your
February 1978 Service Clinic on the solid-
state horizontal-output stage that uses
those four-legged capacitors. | have re-
placed several of these and didn’t really
know why they opened up. However, you
should have told your readers never to
bypass the open link between capacitors. It
doesn’t work! It can blow those output
transistors faster than you can think!

Your Hobby Corner advice, also in the
February 1978 issue, on avoiding battery
troubles was right in line with my thinking. If

NEW FROM LEADER
One-Button Range
Digital Multimeter.

31/2 Digit LED Readout,
: 0.5% Accuracy.

Semi-Automatic Ranging
One Pushbutton.

1mV to 1000V,
16 Ranges, Coverage.

Fully Automatic
(200Meg(}) Range.

Over Range
Indicator.

Automatic Polgrity.

._ j-ﬂ _4
Céfnpact -ﬁ

61/8" x 21/4" x 43/8";
Batt'y operated.

[LEADER |

LDM-8%,1
DIGITAIL

MULTIMETER

Overload Protection,
All Ranges.

Crystal Control
Counting Circuitry.

High Reliability
LSt Circuitry.

Now, Easy Pushbutton
Operation Is Yours. ..
New Reduced Price.

Model LDM-851 ...

$T99-88" $169.95 AC Adapter Included

See your distributor or write direct for details.

When Quality Counts. . .

151 Dupont Street, Plainview, N.Y. 11803 n DER
(516) 822-9300 LE
In Canada: Omnitronix Ltd.. Quebec Instruments Corp.
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one has several pieces of battery-operated
equipment, one fow-cost AC or DC adapter
can be used. | prefer using the 12-volt AC
adapter, and in each piece of equipment
install a bridge rectifier and suitable resis-
tor to limit the battery-charging current to
the recommended level. All equipment has
the same input jack. Now you can use the
inexpensive adapter for all your equipment
and never worry about polarity. Even if
someone plugs a DC adapter in, no harm
will be done.

STUART SJALUND

Ontario, Canada

WIRE AND CABLE

Your article on “Coping with Wire and
Cable” in the January 1978 issue was
disappointing to me. I'm sure the article will
be of some information and benefit to
those who are uninformed. However, when
an article excludes the most prominent
people in the wire-stripping industry, as
well as their tools, it seems that even the
people who are supposed to be informed,
are not.

I would like to bring the following to your
attention:

1. Ideal Industries manufactures more
different types of wire strippers for more
different applications than anyone else.

2. On page 36 in Table |, Wire Stripping
Tools & Crimpers, you list the name “ldeal”
along with the part numbers, but you show
the address as Great Bend, PA. Ideal
Industries is located in Sycamore, IL.

3. Under the cut on page 36, the caption
indicates: “Wire splices can be made with
wire-nuts.” I'm sure Ideal Industries appre-
ciates your using its registered trademark
of Wire-Nut, however, this should only be
used with proper trademark recognition of
Ideal Industries.

I'm very happy to see that you are
making an effort to be of service to the
market and the industry by showing the
various tools, what they should be used for
and the benefits of using them. I'm sure
Ideal Industries would appreciate the op-
portunity to help you enlighten the profes-
sional and the hobbyist.

P.V. MALL
I D I Electric {Canada) Ltd.
Ajax, Ont.

FREE ENERGY

Apparently Mr. Ecklin {Letters, February
1978 issue) believes that the laws of phy-
sics were made up by humans and, like
speed limits, can be ignored. These laws
have aiways been with us, and we are just
beginning to understand them. We can’t
break the laws, or even bend them by
intent or inadvertance.

| want to know where Mr. Ecklin is going
to find the lossless spring that generates no
heat as it is flexed.

Something he might try that will bring the
point home would be to ride a really well-
balanced 10-speed bike around for a while
and then fit it with one of those littie gener-
ators that light the lights for “free.” | think
he may go back to buying batteries when
he finds out how much work is required to
move those coils of wire past a magnet to
generate 6 volts at a few hundred miili-
amps.

W. COCHRAN
Chalfont, PA R-E
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DUAL TRACE
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® Dual Trace- 2 channel: separate,

chopped or alternate modes.
® 15 megahertz bandwidth.

® External and internal trigger.

’ AT INPUY Ch 5

15 MEGAHERTZ
PORTABLE MINISCOPE

, e | "37;’:°3.'v“
65 - u ?
& N

FEATURES

® Time Base - 0.1 microseconds to
0.5 Sec/div - 21 settings.

® Battery or line operation.

® Automatic and line sync modes.

$39500

MADE
IN THE
US.A.!

® Power consumption less than 15W.
® Verticle Gain - 0.01 to 50 volts/div

—12 settings.

® Weight is only 3 pounds.

From the originator of the Digital Voltmeter, Non-Linear Systems comes the MS-215 Miniscope. It is a fine
electronic instrument with a great deal of measuring capability and excellent accuracy. Its design is modern, utilizing
the latest in low-powered integrated circuits, and it is packaged into the smallest practical size. The instrument fits into
many briefcases and tool boxes with room to spare.

Operating characteristics have been chosen so that the MS-215 will make all of the measurements needed in
servicing st electronic equipment. It is field-portable so its use is not restricted to the bench.

SPECIFICATIONS:
Vertical
Mode: CH1, CH2, CH1 & CH2 {Chopped) & CHY & CH2 (An.)
The Following Specificetions apply 1o each channesi
Y Axie
Verticle Input.  10mV/div to 50V in 12 Calibrated ranges. as foilows.

x1-10mV/div to 10V/div in four ranges, each contin-
uously veriable.,
x2-20mV/div to 20mV/div in four ranges. sach contin-
uously varnable.
x5 -50mV/div to 50mV/ div in tour ramges. sach contin-
uously vlinablg
Accuracy is 3%

Input Impodone- 1M ohm shunted by 50 pF

Bandwidth DC/DC to 15 Mhz xsub(ocwa Mz £3 db). AC. same
a3 DC down to IHz

Rise Time: Approximately 23 nS @ 1 dvision deflection.
input Voltage: 250 maximum (DC and Psak AC).
Horizontat

Mode: Internal Time Base or External Hor'zontal. switch
selectable. In the XY mode. vertics: input is through
CH1 and horizontal input is through CH2

Bandwidth: DC 1o 200 KHz {13 db}.

Coupling: AC. DC or ground. switch selectatrie. Low frequency

point on AC is 3 Hz.
input impedence: 1Meg ohm shunted by 50 pF
Deflection Factor: 10mV/div to 50V/div in 12 calibrated ranges.
The ranges can be calibrated with the CH2 gain control

input Voltage: 260V maximum (DC end Pesk AC)

Tune Base: 0. 1uS/d~ to 0.5 Sec/divin 21’ calibrated ranges.
as follows:
x1, uS-0 1uS/div to 100 uS/div. x2. uS-0.2uS/dw 1o
200 uS/div.
x5, uS-0.6uS/dW 10 500 uS/div. x1.mS-0.1mS/divio
100 mS/div
x2. mS$-0.2mS/ dwv to 200 mS/div. x5, mS-0.5mS/div
to 500 mS/div.

ail in four ranges. each continuouslv variable. (Range
increments ar .1, 1,10, 100.} With vernier in full clock-
wise position, calibrated time measurements are
possible. Accurscy is 3%.

MS-15 Single Trace version of MS-215

$28900

A

m order $10
iease

Send 10t Ous 131881 Broc hure

PRIORITY
1003

ude your phone f

Triggering

Internal: Sweep triggered trom internal trigger source (In the
dual trace modes. the internal trigger source 18 CH1).

Automatic: Trigger source is internal calibrater frequency. To be
used if there ia No other trigger source available to
synchronize the sweep.

Line Trigger is derived from line frequency when using the
battery charger

External: Controls function as for internal triggering (1 Megohm
input impedence)

Slope: Selects sync to positive- of negative- going waveform.

Coupling: AC

Senaitivity: Less than 1 div tor internal trigger and less than 1 voit
for external trigger

Level: Trigger Level controi permits continuous sdjustment of

trigger point in all modes axcept Auto.
intemal Calibrater: A square-wave signal of 1 voit p-p £ 5% is provided.
Frequency is approximately 1KHz.

Displey
Graticule: 4x5 div, each division 18 0.25 inch. Viewing srea
1.1"Hx1 .35"W
CRT: Bluish-white phospher, medium peristence. CRT uses
low power filament for low battery drain. instant on!
Power

On-Board Batteries: Throe seaied. rechargesble lead acid "D Cells

Operating Time :  Typically 4 hours

Charging Time Scope Operating: Will run indefinitely but not reach full
charge

Non-operating Sixteen hours

Extermnal Power: Battery charger 115 vac {220 vac on reguest). 50-
400H2. less than 15 watts.

Dimensions: 3.17Hx6.4 ' WrB.0"'D.
Weight: Three pounds.
Environment

Operating Temperature: 0° to 40°C
Shock and Vibration: Designed to with stand nosmal shock and vibration
encountered in commercial shipping and handling.

Accessories
Fumished. Tilt stand. batery charger, 2 input cables, end 3
miniature barara plugs.
Optional: Leathe: carrymng case and probes
Warrranty: One yesr pars snd labor. Made in the US A.

MS-215 with Rechargeable Betteries

and Charger
$395.00

Leather Corrying Case

The leather case has 2 sapa-ete conparsments. Ore to hoid the scops. the
other to hold the charper, prabe. shouider sirap. etc. The cese cen be worn
on the belt. or aver the necs

The snaps Lsed on the case are “one way”, thus accidental striking of
the case against an object w-ll nos andc the snaps or let & be pulled off your

batt
41-140

$30.00
Probes
10 to 1 prode with 10 megohm input.
Frobe uses spring hook lip /or swry ¢ jon Ci k13

incated at the connector ra‘her thmn at the probe. so as lo keep size and
waight to 8 minimum.

41-141 524.50

Deluxe Combination Probe
Switchable 10tol /1tol probe with an assortment of probe
tips to suit any situation.

41-3495 $34.95

$40.00 OFF

On Any Accescries Purchased
with MS-215 MINISCOPE, Just

Send or Mention the COUPON and
Radio-Electronics Magazine

Woodey Ae,

8AC check Mortey Orger 15 acd
Jers 1ess (han § Joe 1] 2aCess ref
"Sorry, no over the counter soles

phone orders welcome (213) 893-8202

www.americanradiohistorv.com
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ELECTRONICS
Uveaa CA, 91343

ae: 10 Case
Good thru July 151978

nal inquiries nvited
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equipment report

B&K-Precision Model 1820
Universal Frequency
Counter

CIRCLE 102 ON FREE INFORMATION CARD

B&K-PRECISION (6460 W. CORTLAND STRELT.
Chicago IL 60635) have brought out a new
frequency counter, the model 1820 Universal,
which sells for $260. It counts frequencics
from 5 Hz up to 80 MHz. Besides this, it will
perform tricks that I'd never thought of. and
there are full instructions for doing all of

them.

The 6-digit model 1820 has cight push-
button controls. 1t’s housed in a plastic cabinet
with an adjustable bail that serves as a bench-
rest (you can set it at any angle needed) or a
handle. It’s AC-powered, and the total drain of
only 15 watts makes it easy to use in the ficld,
with a DC/AC converter.

The gate time is pushbutton-controlled. Set
in the AUTO position, the pushbutton automat-
ically selects the correct range and place the
decimal point to display the maximum number
of digits without overranging. Indicator LED’s
tell you the display is reading in kHz or MHz.
Set to the 1-SEC position, the counter reads out
the frequency to the nearest Hz. For example,
on a CB transmitter, this will push the “27" off
to the left, and the frequency is read to 6 digits
to the right of the decimal point.

Aninternal 10-MHz clock oscillator is crys-
tal-controlled, with a +0.1-PPM stability. By
replacing this oscillator with a TCXO (tem-
perature-controlled crystal oscillator) the sta-
bility can be raised by a factor of 10! The
substitution is very simple. Just unsolder the
original oscillator and drop the TCXO into the

holes.

Now, for the instrument’s handy tricks:
pressing the PERIOD pushbution displays the
period (the elapsed time for onc complete
cycle) of the input signal. This is very useful on
low frequencics, since it provides much better
resolution. To convert the reading to frequen-
cy, just take the reciprocal number, using the
period vs. frequency tables so thoughtfully
included in the Appendix to the instruction
manual.

This procedure can be used for (elephone
touch-tone frequency pairs; modem frequen-
cies; both U.S. and CCITT frequency stan-
dards; CTCSS (Continuous Tone-Controlled
Squelch System) frequencies used in two-way
radio; all the TV sweep frequencies; the multi-
plex pilot carrier. power-line frequencies; ama-
teur radio RTTY; and slow-scan TV frequen-
cies. There is even a full-page frequency vs.
period table for a complete “equally tempered
scale” for pianos and organ tuning! For exam-
ple, the key of low C has a 16.351-Hz frequen-
cy, but you can read the period and get one
more digit of accuracy—it’s 61.1583 ms.

continued on page 26

Zzﬁ PLUGBORDS OFFER MORE. . .

@ Unique time saving bus patterns
@ Press-fit wrap-posts & solder terminals
@ Many board and contact sizes

4493-1 ANY DIP, $14.95. Accepts
alt DIPs. Offset power and ground
planes. 36/72 contacts. 4.5’ x 9.6"
(6.5"" also available). 22/44 contacts
also offered in both sizes.

8804 ANY DIP, $19.95. Accepts

alt DIPs. Offset power and ground
planes, 50/100 contacts spaced .125.""
S-100 size.*

41125 PAD BOARD, $12.23. Pad
per 3 holes. Ground plane on back-
side. 45" x4.5"0or 45" x6.5" or
4.5" x 9.6". 22/44 contacts spaced
0.156".

8802-1 PAD BOARD, $19.95. Pad
per 2 holes, each side, peripheral
buses. 50/100 contacts spaced at
125", S-100 size.*

8801 PAD BOARD, $19.95. Pad per

@ Easy to wire hole and pad patterns
@ .042” diameter holes on .1” grid
@ P.C. plug or flexcable connections

PR LY

RADIO-ELECTRONICS

N
o

PRE

each hole, each side, peripheral buses.
50/100 contacts at .125"". S-100 size.*

8801-1, $14.95. No pads — just holes.
50/100 contacts at .125"". S-100 size.

*S-100 size is 5.3"" high by 10" wide.

i

- :iﬂ!

receptacles, interconnect products.

12460 .Gladstone Avenue
Sylmar, California 91342

‘Phone (213) 365-9661
TWX (910) 496-1539
Send for new data.

—'E':E'H»;

Patented Vector P184‘1'oo| is three times faster for inter-
connecting wrap-post designs. $29.95.

600278
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“The Sansui AU-717 is a superb amplifier.
We like it with no ifs,ands,or buts.’ uian Hirsch
It offers “as much circuitry sophistication
and control flexibility as any two-piece

amplifying system?’

(Len Feldman)

Everyone says great things about
the new Sansui AU-717, but the
experts say it best.

The Sansui AU-717 DC integrated amplifier is “Sansui’s
finest .... It incorporates a fully direct-coupled power
amplifier section whose frequency response varies less
than +0, —3dB from OHz (D.C.) to 200 kHz. The amplifier’s
power rating is 85 watts per channel (min, RMS) from 20 to
20.000Hz into 8-ohm loads. with less than 0.025 per cent
total harmonic distortion ... If any amplifier is free of
Transient Intermodulation Distortion (TIM) or any other
slew-rate induced distortion, it is this one ....The slew rate
... was the fastest we have measured on any amplifier, an
impressive 60 V/usec.

“The preamplifier section of the AU-717 .... has very
impressive 3 :
specifications | Swios
for frequency
response,
equalization
accuracy, and
noise levels...The
AU-717 has dual
power supplies,
including
separate power
fransformers, for its
two channels ...
[and] exceptionally comprehensive tape-recording and
monitoring facilities ... Good human engineering . ...
separates this unit from some otherwise fine products....

“The Sansui AU-717 is a superb amplifier, We like it with

Julian D. Hirsch, Contributing Editor Stereo Review

no ifs, ands, or buts.” [Reprinted in part from Julian Hirsch’s
test report in Stereo Review, February, 1978.]

"One clear advantage of DC design is apparent. Even
at the low 20Hz extreme, the amplifier delivers a full 92
watts — the same value obtained for midfrequency
; ; power —
compared with its
A 85 watt rating info

| 8 ohms....

‘The
eqgualization
characteristic of
the preamplifier
was one of the
most precise we
have ever
Leonard Feldman,Contributing Editor Radio-Electronics measured, with

the deviation from
the standard RIAA playback curve never exceeding
more than 01dB......

“Sansui claims that this unit has reduced transient
infermodulation distortion — a direct result of the DC
design. and. indeed., the model AU-717 delivered sound
as transparent and clean as any we have heard from an
integrated amplifier....

... worth serious consideration — even by those who
prefer separate amplifiers and preamplifiers.” [Reprinted
in part from Len Feldman'’s test report in
Radio-Electronics, January,1978.]

Listen to the superb sound of the Sansui AU-717 at your
Sansui dealer today. And be sure to ask him for a
demonstration of the matching TU-717 super-tuner.

SANSUI ELECTRONICS CORP. 8 '
Woodside, New York 11377 « Gardena. California 90247 « SANSUI ELECTRIC CO ., LTD., Tokyo. Japan Sm
SANSUI AUDIO EUROPE S A, Antwerp, Belgium « In Canada: Electronic Distribu-ors
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AVANTI®
HIGH
PERFORMANCE
C.B. ANTENNAS

40 CHANNEL ENGINEERED

ASTRO PLANE™
CB Base Antenna
Co-inductive

The omni-directional C8
antenna that radiates from
the top — for greater range
and performance. 4.46 db
gain over isotropic —
stronger signal, clearer
reception. No coils to
burn or short. Vertical
polarity. Patent #3587109
Model AV-101...price $39.95
2.8x more power

E.R.P.

Avanti CB base antennas

from $20.50 to $404.00

RACER 27"
CB Mobile Antenna

Magnetic mount

Easy to mount on roof or trunk

for car, van or truck — no holes to
drill — fast removal for hide away
or car washing. Strong magnet
assures position. Mylar pad guards
vehicle finish.

Hermi-coil (Hermetically sealed coil)
— A special molding process
provides a weather-proof coil
environment. Helps maintain the
characteristic antenna impedance,
even in damp or salt water
atmosphere. Hermi-coil also helps
eliminate internal surface leakage.

Ribbed base — Provides a long
leakage path used in high voltage
insulators, spark plugs, etc.

Specifications: Electrical Yawave fength
® Unity gain ® 27 MHz

® VSWR — 1.3:1 orbetter

® Coil — shunt fed hermicoil

MODEL AV-727 Mobile Antenna System
with 48" whip, 17’ coaxial cable with
magnetic mount. 40 channel $32.95

Avanti makes a complete line of high
performance mobile CB antenna systems
from $11.95 to $72.50

FREE 24 PAGE CATALOG

anNanti

Avanti Research & Development, Inc.
Established 1964

340 Stewart Ave., Addison, IL 60101 USA

creators of the

famous
MOONRAKES
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EQUIPMENT REPORT
continued from page 24

Finally, the table contains a listing for the
Kansas City Standard Cassette Interface used
by computer hobbyists. The frequency counter
can also be used to test TV ultrasonic remote
control systems. The transmitters can be set
right on the button for cach function, and the
receivers checked with equal ease.

The ACCU pushbutton stands for accumulate
and reads the total number of cycles or events
(switch opening or closing, etc.) occurring at a
given time. This reading is set to zero by
pushing the RESET button, and stopped by
opening the input circuit at the end of the
desired time.

When you press the pushbutton marked
TIME, the display starts counting instantly in
hundredths of a second. The reading can be
returned to zero by pressing the RESET push-
button. This function can also be used as a
electronic stopwatch. A control cable with a
pushbutton switch or electronic actuator on it
is plugged into the rear-panel jack. Press the
TIME button and then the RESET button. To
start the count, the control switch is opened (or
the electronic actuator is driven to a logic-high
level, not more than 5 volts). When the switch
is closed, the count stops (to a logic-low level),
and is retained on the display until the RESET
button is pressed.

Next to the RESET button is the gate TIME
pushbutton mentioned before, for higher reso-
lution. Finally, the last pushbutton on the far
right is a X1-X10 attenuator selector for
reading signals at a higher level than the input
limit: up to 200 volts (DC + AC peak) to 500
Hz, and 100 volts on higher frequencies. The
input is a standard BNC jack and has a 1.0-
megohm input impedance. Therefore, standard
10:1 oscilloscope probes can be used where
circuit loads must be kept low.

The instruction manual gives complete de-
tails of all the tests that can be made by the
model 1820. It even includes schematic di-
agrams of the electronics needed to make this
kind of control possible, mostly debouncing
circuitry for greater accuracy. Practically any
kind of electrical transducer can be used with
it to make many measurements. R-E

Hickok Model 517 Dual-
Trace Oscilloscope

CIRCLE 103 ON FREE INFORMATION CARD

THE HICKOK ELECTRICAL INSTRUMENT COMPA-
ny, 19514 Dupont Avenue, Cleveland, OH
44108 has just released two triggered-sweep
oscilloscopes; the mode! 515 (a single-trace
scope) and the model 517 (a dual-trace ver-
sion, shown here). The specifications are iden-
tical, except for an added channel on the mode!
517, which was the onc tested.

www.americanradiohistorv.com

This scope is an impressive instrument. The
cabinet is a “laydown™ style with the cathode-
ray tube (CRT) at the top on the left-hand
side, and controls placed below and to the
right. The controls for the two input channels
are side by side at the bottom, making them
easy to get at. All panel controls are grouped
into two color-coded arcas: Blue for the verti-
cal inputs, for the level control and for all
switches used with these. All the triggering
controls, the level set, etc., are contained in the
green area at the top of the panel on the right.
The case has a locking bail-handle that can be
used to set it at any desired viewing angle.

Each channel has a calibrated step atten-
uator with a 12-step range from [0 mV-per-
centimeter to 50 volts-per-centimeter. This
control serves a dual function. The center knob
is a variable attenuator; turning it fully clock-
wise and clicked puts it in the CALIBRATE posi-
tion. A full turn counterclockwise extends the
vertical range down to 5 mV-per-centimeter.
Channel amplifiers A and B are identical. and
can be AC- or DC-coupled; the center position
grounds the input for positioning of the trace.
The bandwidth is given as up to 15 MHz in
either channel. Our tests proved this rating is
quite conservative, since we observed signals
up to 27 MHz with readable deflection.

The TIME/CM (horizontal sweep speed)
switch can be varied from 0.5 us-per-division
down to 0.2 seconds-per-centimeter, in 18 cali-
brated steps. A X5 sweep-multiplier extends
the upper limit to read only 100 ns-per-centi-
meter. The model 517 can be triggered by
internal sync, or by an external trigger pulse.
An AUTO-NORMAL switch triggers the sweep so
that you can see the baseline for setup and
adjustments. A selector switch marked “+/
—" lets you select either positive or negative
polarity for triggering. All these controls are
widely spaced pushbuttons. A continuously
variable trigger level gives positive trigger
control. Other pushbuttons display only the
Channel A, Channel B or DUAL (both channels
at once) modes; the ADD mode displays the
Channel A signal added to Channel B. with the
resultant waveforms.

Both niodel 515 and model 517 are meant to
be general-purpose scopes for any industrial/
lab/radio/ TV application. Far TV work, a spe-
cial Tv-V/H switch selects a sync-separator
circuit so that the pattern locks on either hori-
zontal or vertical signals. Whether horizontal
or vertical sync is used depends on the position
of the TIME/CM switch, which automatically
selects the correct sync, depending on the
sweep speed. We gave the model 517 our pet
“acid test’: display a color-bar signal from a
generator at horizontal rate. This is a beast to
lock onto, since it consists ol a whole row of
sharp pulses of the same amplitude. The model
517 grabbed it and held it firmly.

The resolution is very good. In this same test
(using the sweep expander) we were able to
count the number of cycles (10 in all) in one
bar of the color-bar pattern! Actually. the
expanded sweep wasn’t needed; we just used it
to verify our count in normal operation. The
risetime is very good. We fed it patterns from a
digital color-bar generator having an excellent
squarewave output, and the risectime was al-
most unmeasureable. A good squarewave
probe-calibration signal (7.5 volts P-P) is pro-
vided via a jack on the panel. This is used for
setting frequency-compensating trimmer in
the X 10 probes.

The model SP-17 Probe Kit contains two
special probes. One probe is the model SP-7, a

continued on page 28
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Super Gase

Vaco means velue and variety.

Like our Super Case. A great valu2 wi‘h great variety.
48 professional problem-solving tools frcm screwcrivers
and nutdrivers to pliers, wrenches, crimping tools, and
more! All right at hand. And a.l uaccnditicneally
warranted.

You'll find the Super Case and all the other fine Vacc
tools in our exciting new 72-page 1978 catalog. FREE for
the asking! Just write:

Vaco Products Company, 1510 Skokie Baulevard, North-

brook, Illinois 60062 sk
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SENCOFRE  FC45 FREQUENCY COUNTER

HIGH SENSITIVITY AUOIO THROUGH VHF
- INPUTS ey —READ RATE - —— RANGE —~—
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the interference free frequency counter
allthe way through 30 MHz & 600 MHz with Prescaler

A Frequency Counter that you can really count on...

Right at the radio or TV transmitter site, next to a high power tranceiver
and even on top of a color TV high voltage cage. Engineers and technicians are
amazed as they pick up the only double-shielded frequency counter and use it
where their high-priced counter won't stand still. Only the FC45 has a vinyl-clad,
steel-covered case, to do that extra shielding, and matched and shielded input
leads. Others don't even provide the test leads, let alone match them to your
instrument.

When needing super accurate frequency measurements to five times
better than FCC specs all the way through 600 MHz UHF. The easy to use, direct-
reading, 8-digit pushbutton FC45 has an accuracy of 1 part per million (.0001
percent). Time base crystal is hand selected, baked in an oven for 30 days,
installed into your FC45 and run for 30 days again before redocumenting and
shipping. That's how far Sencore goes to protect your FCC license.

When checking in low level circuits all the way down to 25 milliVolts and
all the way up through 230 megaHertz. Other counters fall off at about 80 MHz on
their once Megohm mput Excluswe “Snoop Loop”, with this outstanding sensi-
tivity, enables you to “pick up” all the way back to the oscillator without loading
the circuit; avoids direct connecion to transmitter output, too. Plus exclusive
crystal check for checking crystals out-of-circuit.

And you can extend these FC45 reliable uses even further with...

To Antenna

PR47 600 MHz Prescaler: Extends FC45 from 230
To "Snoop Loop”  MHz to 600 MHz by plugging into special FC45 power jack

and inserting intoinputlead...................... $125
PRS0 Audio Prescaler: Extends use of FC45, or any
other frequency counter, to .1 Hz and .01 Hz for audio and
subaudible measurements. Same size and use as PR47

PL207 “Snoop Loop”: RF pick-up loop with cable to
avoid direct circuit connection ....... ... ... ...... $9.95

rite for 24-page FC45 Frequency Counter Sencore News or order instrument
from: Sencore, Inc., 3200 Sencore Drive, Sioux Falls, South Dakota 57107

SENCORE =, @
Superior Electronics 1753
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EQUIPMENT REPORT
continued from page 26

X 10 low-capacitance probe, and the other is
the model SP-6, a combination X1/X10
probe. A slide switch on the probe handle
selects either mode; the center switch position
grounds the input for setup. The basic probe
has a very sharp tip. There are four slip-on
adapters: a spring-loaded hook; an insulator
cap that covers everything but the sharp probe
tip; a special adapter with two small guard
insulators that have a sharp tip between them,
for checking one pin of an IC without shorting;
and a BNC adapter. A tiny insulated screw-
driver adjusts the trimmer in the probe. The
model SP-17 Probe Kit comes in a sturdy
plastic pouch with a zipper, so you can’t lose
those little adapters in your kit. The cables are
1.5 meters long or about 5.5 feet.

Unlike some early triggered-sweep scopes,
the model 517 can perform sweep alignment.
The last TIME/CM switch position is labelied
EXT HORIZ. The horizontal sweep signal is fed
into the external trigger jack; the variable
control on the TIME/CM switch then acts as a
horizontal-gain control. A vertical input signal
is fed into the Channel A input. The model!
517 has one feature | used to like on my old
scopes, but haven’t seen lately: a trace-invert
switch. This switch can “make the curve go the
right way,” if you’re like me, and want the
curve to go up. The switch has other uses: in
normal operation, in the ADD mode (Channel
A + Channel B), flipping the switch to the
INVERT position displays the difference signal,
or Channel A — Channel B. For best trig-
gering on video signals, this switch should be
set so that the sync-tips point down.

The CRT is a rectangular SDEP31 with a
built-in graticule. For vectorscope analysis,
you can slip in a vector graticule over this grat-
icule; this, too, comes with the instrument. The
INTENSITY, FOCUS and ASTIGMATISM controls
are grouped out of the way at the top left-hand
corner of the panel.

This is a good, versatile instrument, and it
should prove of great value to anyone who
needs a reliable and accurate oscilloscope. Its
price tag is $695. R-E

Heathkit Series 5280 Test
Instruments

T
¢ ¢

00 v v o ¢y oy

¢ ¢
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CIRCLE 50 ON FREE INFORMATION CARD
THE HEATH COMPANY HAS JUST RELEASED
its Series 5280 test instruments. There are five
instruments, all in identical plastic cases that
can be stacked for a neat test-center layout.
The cases are 11 inches wide, 5%: inches high

continued on page 30
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Finally,
aCB

antenna
that draws |

more signals
: than |
thieves. |

< “And fcr you, it's an anter.na that'll

~_ drawmorecustomers into your stcre.

. It's the new AM/FM/CB D¥isguise
Antenna from GTE Sylvaniz. It has

__more gain and draws rore signals

-han most of the popular disguise
antennas available. Plus it rot only
zives gocd AM and CB perfermance,
>ut also delivers outstanding FM
serformance.

And since it fits all cars, al” your
customer has to do is moun:it in
olace of Fis car antenna. Anc all you
nave to dp is inventory one model
‘nstead o- two.

Easy tc install.

Easy tc sell.

It's just another grea: profit-
making opportunity from G7E
Sylvania—one of the world's most
advanced electronics corporztions.

. £11d ont how you can draw more cus-cimers by

- contacting JFn Tobin, GTE Syfania, Cistribu-or
‘aird Special Markets Division, 100 First Avent e,

Baltham, MA. 02154.
|

861 INNC
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EQUIPMENT REPORT
continued from page 28

and 7% inches deep. Typical weight is 3"
pounds. All solid-state. the instruments can be
powered either by two 9-volt batteries or by an
AC power supply having five plugs that fit
sockets on the back of cach unit.

First, in numerical order. is the niodel 1G-
5280 RF Oscillator. It has an R} output from
310kHz to 110 MHz on fundamental frequen-
cies. in five overlapping bands. An extra band
is calibrated on the scale. 110 to 220 MHz on
harmonics. The AF modulation is 1 kHz, and
can be used as an audio test signal. Both RF
and AF outputs have variable controls; the AF
control serves as a modulation-percentage con-
trol for RF. Our test sample showed excellent
accuracy.

Next, the model IB-5281 Inductance-Resis-
tance-Capacitance Bridge. [t uses a Wheat-
stone circuit that is AC-driven so that capaci-
tors and inductors can be checked. The instru-
ment’s resistance is from 10 ohms to 10
megohms; inductance is from 10 uH to 10 H;
and a capacitance from 10 pF to 10 uF, all on
three ranges. The panel meter shows the null,
and parts can be checked against an external
standard for matching. A special scale shows
matching and the percentage of crror. We
checked several known components with good
results.

The model 1G-5282 Audio Oscillator has a
range from 10 Hz to 100 kHz, and has separate
sinewave and squarewave outputs. For sine-
wave operation, only the sinewave section need
be switched on; for a squarewave, both sections
must be on. This confused me at first, but after
taking my usual drastic step (reading the
manual!) the problem cleared up. Sinewaves

are clean and the squarewave has excellent
risetime. Sample waveforms for checking and
identifying both sinewave and squarewave dis-
tortion are shown in the manual.

The model IT-5283 is an RF/AF Signal
Tracer. This instrument follows RF-1F signals
through any radio, as well as AF signals from
the detector on. Switching is performed in the
test-probe tip; a diode symbol shows you the
RF reading. A novel feature is used in the third
switch position: it becomes an audible volt-
ohmmeter! The input goces to a relaxation oscil-
lator using a unijunction transistor. You can
read resistance from 0 up to 5 megohms. You
hear an audible tone, and as resistance goes
higher, the frequency goes down. The miodel
IT-5283 can also be used as a DC volimeter,
from —3 volts to +20 volts; as the voltage
goes down, the frequency goes down. This
instrument can also be used for checking logic
states. You soon learn to identify the tone
produced by a logic high (1) and a logic low
(0).

Last, but not least. the test instrument you
should build first (if you plan to obtain them in
kit form) is the model IM-5284 Multimeter.
The AC or DC voltage ranges are from 1.0 volt
up to 1000 volts. On the DC range, the input
impedance is 10.0 megohms; on the AC range,
the impedance is 1.0 megohm. The ohmmeter
reads from R X 1 10 R X 1.0 megohm. The
analog panel meter is a 4.5-inch rectangular
unit. There are four separate scales and four
ranges, 0-1, 0-10. 0-100 and 0-1000, are
used. Also provided are an ohms scale and a
special scale for the 0-1.2-volt AC range. The
ZERO ADJUST and OHMS ADJUST controls are
located on the front panel along with the
RANGE and FUNCTION switches and the input
jacks.

This instrument was checked on all ranges
against a high-accuracy digital meter. All the
AC and DC voltage ranges recad right on the
nose. The AC voltage ranges have a good
frequency response, accurate up to 100 kHz.
The resistance ranges, which were checked
against our lab standards, were also accurate.
The drift was almost undetectable over a fairly
long test.

The operating power supply for all five
Series 5280 instruments can be provided by
the model 1P-5280-1 AC Power Supply. This
has a +9- and —9-volt output, each regulated
by its own IC regulator; currents up to 100 mA
can be drawn. There are five cables, each with
plugs, that are long enough to reach all the
instruments even if they are stacked one on top
of the other. This compact power supply can be
tucked away anywhere. It has an isolating fuse-
protected power transformer. No special
switch is needed; you just use the on-off
switches of the individual instrument.

The Series 5280 can provide the beginner or
advanced experimenter with low-cost, accurate
and versatile test instruments that are available
in kit form or fully built and tested. They
should be ideal for use in electronics and elec-
trical schools, or for servicing any kind of
equipment. And the stacking feature makes it
possible to create some neat and useful layouts
for any kind of work. R-E

Spyderco Company
Portable Hand

LET'S SUPPOSE YOU WANT TO SOLDER TWO
resistors together for a test. You hold one
resistor in one hand. and the soldering iron in

continued on page 35

Use this versatile frequenc

counter when accuracy
@,  COUNtS.

Exceptional accuracy and sensible features make

our new wide-range frequency counter the ideal

choice for checking out audio, video, CB, ham radio

and other communications equipment.

¢ Wide range—10Hz to 60MHz

* Precise 10.000MHz crystal-controlied time base
for £0.1ppm stability

¢ 1KHz audible tone for SSB carrier frequency

.Y iy rye. | measurement
@ |H [m | & Selectable input sensitivity (for noise rejection)—
- T _ 10 or 100mV
: —————————— e B-digit bright LED readout
“3(20-3502(? ¢ Indicators for signal, overflow, and range

* Small and compact; ac operated

\lIZ Test

Instruments Group
of VIZ Mfg. Co.
335 E. Price St., Philadelphia, Pa. 19144

See it at your
VIZ distributor

Formerly

®© Viz
66444

Instruments
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2,505 nuts, bolts, screws, and other fasteners % Heavy-duty, polystyrene
LOOK AT ALL YOU GET' cabinet, 12” W. x 52 D. x 9’ H. * 25 preprinted 1.D. labels * 75 individual
] compartments * 25 high-impact plastic bins, 2” W. x 5%2” D. x1¥»” H.
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Just about every nut, bolt, screw, washer, and
cotter pin you’ll ever need — over 2,500 pieces —
all organized & labeled in a multi-bin cabinet.

% Now...your own hardware store for home, shop, or Now you can have just the right nut, bolt, screw, washer, or Order today! Send check, money order, or company
otfice! cotter pin at your fingertips . . . whatever the job! And for an  purchase order for just $19.95 {plus $3.90 shipping anc
* 2.'33?."6‘:.".'.’."“' — 8llhigh-quality. zinc-plated (rust-  5)rmogt unbelievable low price!! handling)to D.R.. Industries, Inc., 6864 Washington Ave. So.
r n . Eden Prairie, MN 55344. If you're not completely satisfied — if

——— et [ —

TTTTTT ?’T? WTT ©@O gao-oo ©©©HO

sk No more pi t-a-time trips 1o the hard store. With the NUT & BOLT SHOP — a complete size range of 0 o R
s Heavy-duty, polystyrene cabinet, high-impactplasticbins  just about every kind of hardware you'll ever need. Al you renottruIyamazedata!lyouget return itwithin 30 days
and bin dividers, printed 1.D. labsls. ; . A ) for a full refund. No-questions asked! And keep the FREE
' organized in one 25-tray, 75-bin cabinet. Perfect for auto ¢ 5. a1ue wall chart for your trouble!
: LTJruIY ndT‘EI:O-DIlu;;;lu'. e repair. Home projects and hobbies. Office maintenance. And = :
ncon onal -day, money-hac uarantee. . . .
% The most important “"tool" In your workshop. industrial shop use. Great as a gift, tool =g 24'HOUR SERVICE -
sk As featured by the aditors of: MECHANIX ILLUSTRATED, No more time-consuming trips to the hardware store. No CREDIT CARD BUYERS
:%i;u’:.ggs‘t\::‘songrs’,‘:v::mmcu, FAMILY HANDYMAN.  more |ess-than-professional looking repair jobs. No more Call our 24-hour toll-free number for
Y ’ searching through old coffee cans of odds and ends. immediate service 800-331-1000

17%" x 24" wall-size OUR CUSTOMERS ARE AMAZED

Specifications Chart - a AT THE VALUE! r- 30-DAY UNCONDITIONAL MONEY BACK GUARANTEE ===
$2.50 value. Tells you By , . I D.R.I Industries, Inc. Dept. RE-68 I
everything you need to ! don’t see how you make a profitat I ggas’\washington Ave. So., Eden Prairie, MN 55344 n
know for a quick profes such a low cost! 'I' found it much more 1 | WISH TO ORDER (QTY NUT & BOLT SHOPIS). Il
sional job every time. than | expected!! . : {J1 have enciosed my check, money order, or company purchase order I\
What thread types. and ... M.D. Dorsstte, Rockville, Maryland i for$19.95 pius $3.90 ea. (MN residents add 4% sales tax). 1
head styles are avail An excellent buy. At retail prices, o oo cnargeitto (checkone). (3 American Express (I VISA |
able. What size nut and would have cost far more . . . usually a {J Diness Club  {JMaster Charge  (J Carte Blanche 1
wrench to use. What size minimum of 3¢ to 5c a piece! . 15 CARDNO EXP.DATE__/ 1
“starting” and “tapping . G L._Ste.ger, Enfietd, Connecncyt 1o X 1
holes o drifl. When to Quality is excellent. Gre_at for do-it- |g SIGNATURE Il
use what kind of washer yourselfers . . . and convenlent!”_ ) 1 Il
Instantly measures sizes. G. R. Dalmadge, Sunnyvale, California 1 NAME 5
And mwch. much mere *“I've priced these items separate — it | !
Ygurs FREE'Just for tiying would have cost ffs’r more for them (at : ADDRESS :{
the Nut & Bolt Shop! F hardwarejt%rekuw" Cicero, Illinois ! ary STATE Z1p !
e ’ ’ T e T T

™ “The Workshops” and “The Nut & Bolt Shop” are trademarks of D.R.l. Industries, Inc., Eden Prairie, MN ©1978 D.R.I. Industries, Inc., Eden Prairie, MM
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Foggy about computers?

Sams new library of computer books
provides your clear course

You've counted on Sams for
years to bring you clear, con-
cise information about many
subjects. Now obtain explana-
tions and data you need to
work with and enjoy the fas-
cinating computer world —
written by experts.

TTL Cookbook

By Don Lancaster

You'll discover what
Transistor-Transistor Logic is,
how it works and how to use
it. Discusses practical digital
applications. You'll learn to
build TTL systems that
entertain, test and train. 336
pages; 52"’ X 8%2'" softbound.
No. 21035 $9.50

How To Buy & Use
Minicomputers

& Microcomputers

By William Barden, Jr.

This manual gives you the
basics of minicomputers and
microcomputers. Explains
their hardware and software,
the peripheral devices available

and various programming languages
and techniques. Aliows you to decide which
system is best for your needs. 240 pages;
8%’ X 11’ softbound.
No. 21351 $9.95

- —a
% ch“‘ﬂ“

microcom uter

Z-80 Microcomputer
Handhook

By William Barden, Jr.

The Zilog Model Z-80 represents
a microprocessor that is
extremely sophisticated and
attractive to many computer
users. Provides essential
informtion on Z-80 technology.
Organized into three sections:
hardware; software;
microcomputers; built around
the Z-80. 304 pages; 5% X 8%
softbound. No. 21500 $8.95

PPy

The Cheap Video Cookbook
By Don Lancaster

softbound. No. 21524 $8.95

A complete guide to super low cost alphanumeric and graphic
microprocessor-based video displays. Contains complete con-
struction details on a seven IC circuit that dramatically stashes the
cost of getting words, op-code, and graphics out of a microcom-
puter and into a television set. Includes thoroughly documented
and debugged software. Enables you to produce virtually any
alphanumeric format, including scrolling 24 lines by 80 charac-
ters, and virtually any graphics format, including high resolution
256 X 256 mode and four-color graphics. Also contains complete
details on transparency techniques that let you compute and dis-

play at the same time with high throughput. 288 pages; 5% X 8‘/2;J

~

TV Typewriter Cookbook
By Don Lancaster

Your comprehensive guide to
low cost television display of
alpha-numeric and graphics
data for microprocessor
systems, word processing, TV
titling and video games.
Covers configurations,
memories, keyboards,
techniques and much more.
256 pages; 5'%2'* X 8%2'’ softbound.
No. 21313 $9.95

CMOS Cookbook

By Don Lancaster

Your complete guide to the
understanding and use of
Complementary Metal-Oxide-
Silicon integrated circuits.
Gives usage rules; power
supply design examples;
applications; information on
breadboards, testing, tools.
and interface. Detailed
coverage of logic and more.

416 pages: 5%'' X 8%’ softbound.

No. 21398 $10.50

Microcomputer Primer

By Mitchell Waite and
Michael Pardee

Written for the beginner in the
computer field. All the basic
concepts and characteristics of
microcomputers are

explored. The easy to under-
stand language prepares you
for further study. 224 pages;
5% X 8%'' softbound.

No. 21404 $7.95

Your Own Computer )
By Mitchell Waite, and \;G' [y

Michael Pardee Tae fmi)i =
An introduction for the novice to BT S

the fascinating world of home
computers. Reveals the potential
of these technical marvels. Tells
how personal computers will
soon be used to regulate energy
in the home, regulate spending
habits and even to provide
entertainment for the family. 80
pages; 5%» X 8%:; softbound.

No. 21483 §1.95
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Practice Problems in
Number Systems, Logic,
and Boolean Algebra

(2nd Edition)

By Edward Bukstein.

This workbook is a 64-lesson
introduction to digital computer
mathematics. Problems
designed for classroom or
individual use. Pages are
removable. Includes answers for
all exercises. 144 pp. 8%2 X 11,
softbound. No. 21451, $6.50

Getting Acquainted With
Microcomputers

By Louis E. Frenzel

Learn about microcomputers in
an effective, lowcost manner.
The essential information
contained in this book has been
compiled especially for
engineers, technicians,
scientists, but it will also prove
invaluable to those who want to
learn more about hobby and
personal computing. 288 pages;
5% X 8%; softbound.

No. 21486 $8.95
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How To Program Microcomputers

By William Barden, Jr.

Explains assembly-language programming of
microcomputers based on the Intel 8080, Motorola MC6800,
and MOS Technology MCS6502 microprocessors. Basic
concepts, number Systems and operations, computer
operation and computer codes are examined. Microcomputer
architecture and operation are discussed. The author
conciudes with a number of useful precanned operations. 256
pages; 52 X 8%; softbound. No. 21459 $8.95

Using The 6800 Microprocessor

By Elmer Poe

Acquaints the reader with the hardware and the software of the
6800 -*fun’’ machine. No special background in digital
electronics is necessary. Guides the reader through all phases
of programs that demonstrate the practical use of a 6800
system. Fifteen information packed chapters. Appendix
includes a programmer’s card. 176 pages; 5% X 8:;
softbound. No. 21512 $6.95

8%z, softbound.

/The Blacksburg Continuing Education Series™ )

it has long been the objective of the “Blacksburg Group” to develop timely and effective educationai
materials and aids that will permit students, engineers, scientists and others to quickly learn how to apply new
technologies to their particular needs. The members of this group have long been involved in digital
electronics, minicomputers and microcomputers. Since 1974 they have collaborated as a group in the
development of textbooks, short courses, magazine columns and hardware. The Blacksburg Continuing
Education Series is an easy to read format consisting of 15 titles. Subjects range from basic electronics
through microcomputers, operational amplifiers and active filters. Each title in the series includes detailed
experiments, “hands-on” learning experiences, and examples to reinforce basic concepts. Book Size 5v2'" XJ

8080 A Bugbook: Microcomputer Interfacing And
Programming

By Peter H. Rony, David G. Larsen, and Jonathan A.
Titus

Teaches the skills needed to use an 8080-based
breadboard microcomputer system. Govers the
principles, concepts and applications of an 8-bit
microcomputer based on the 8080 microprocessor iC
chip. Presents the four fundamental tasks of computer
interfacing: (1) generation of device select pulses; (2)
latching of output data; (3) acquisition of input data; (4)
servicing of interrupt signals. 416 pages No. 21447
$10.50

NCR Data Communications Concepts

By NCR Corporation

Explores the various concepts, techniques, and limitations of data communications.

Written mainly for telephone-based communications, but just as applicable to other

forms of data communication. Basic carrier systems, transmission lines, modems, and
more. 192 pages No. 21548 $6.95

Introductory Experiments in Digital Electronics and 8080A Microcomputer
Programming and Interfacing

By Peter R. Rony, David G. Larsen, and Jonathan A. Titus

A combined approach to digital electronics and 8080-based microcomputers covering
basic gates through micrecomputer interrupts, with hardware and software examples.
Experiments teach digital logic breadboarding, circuit design and microcomputer
interfacing. Two books: 512 pages each;

Book 1 No. 21550 $12.95

Book 2 No. 21551 $12.95

Two Volumes No. 21552 $23.95

Microcomputer-Analog Converter Software and Hardware Interfacing

By Jonathan A. Titus, Christopher A. Titus, Peter R. Rony, and David G. Larsen
Covers the microcomputer hardware and software necessary to interface A/D and D/A
converters to 8080-based microcomputer systems. Also discusses sample-and-hold and
multiplexer circuits. With experiments and completely documented computer programs.
320 pages;

No. 21540 $9.50

DBUG: An 8080 Interpretive Debugger

By Jonanthan A. Titus and Christopher A. Titus

Describes DBUG, a software debugging package for 8080-based microcomputers, and
how it can be applied to program development and testing. Complete with hexadecimal
and octal listings. 112 pages. No.21536 $4.95

NCR Data Processing Concepts Course

By NCR Corporation

Here is a general introduction to data processing, computers, and logic for those
interested in how a computer works. inciudes sections on digital logic and mathematical
operations. Also covers input/Qutput devices, memories, and computer control. 320
pages. No. 21547 $9.50

Microcomputer Software

By David G. Larsen, Peter R. Rony, Jonathan A. Titus, and Christopher A. Titus
A detailed approach to assembly language programming for 8080 or 8085-based
computers. Govers basic and advanced instructions, mathematicai manipulations,
number-base conversions, command decoders, arrays and tables, interrupt
programming, and more. With complete, tested programs in standard mnemonics. 304
pages No. 21541 $9.50

Logic and Memory Experiments Using TTL Integrated Circuits

By David G. Larsen and Peter R. Rony

A “hands on”’ introduction to the use of 7400-series devices, memories, display and
arithmetic elements. The emphasis is on experiments that are used by the reader to
explore and use digital circuits. Two books.

Book 1; 384 pages No. 21542 $10.50

Book 2; 352 pages No. 21543 $9.95

Two Volumes No. 21544 $18.95

Interfacing and Scientific Data Communications Experiments

By David G. Larsen and Peter R. Rony

Describes the use of UAR/T and USAR/T ““chips” for serial data communications between
instruments and computers. The operation of teletypewriter interfaces and serial
transmission circuits are explored. With experiements and circuit details. 160 pages;
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Performance

Model 1474 $999 including probes

F)r field or lab work, Dynascan has a
quality scope to fit your needs. B&K-
PRECISION has taken a no-nonsense, cost-
effective approach to oscilloscope design.
Our scopes are rugged dependable instru-
ments, designed to match the features and
performance of far more expensive scopes,
without matching their high prices. Typical of
this approach is our Model 1474 30MHz dual-
trace lab scope and our new Model 1432
15MHz portable dual-trace scope.

Off-the-shelf delivery is another of our fea-
tures, and it's the one you can take advantage
of first. We're so sure that B&K-PRECISION
scopes will fill your needs, that we can offer
ano-obligation, ten-day free trial. Contact
your local B&K-PRECISION distributor for
immediate delivery or ademonstration.

Model 1432 $750 including probes

The B&K-PRECISION

IModel 1474 is the most
— cost-effective dual-trace
scope available. No com-
|promise features include a
built-in signal-delay line,
5mV/cm sensitivity, switch-
able high- and low-pass triggering filters and
a TTL compatible Z-axis input. Vertical re-
sponse istypicallydownonly —6dB at 49MHz.
The 1474 is excellent for microprocessor
work, as signal delay and the 30MHz mini-
mum bandwidth aliow you to examine
short pulse waveforms.

table dual-trace scope is

- one of our best values. This

~~.._compact portable offers

3 optional rechargable bat-

Sl tcry pack and full lab-scope
B o features. An automatic

battery charger is built-in as a standard fea-

ture. Sensitivity is 2mV/division over a DC

to 1I5MHz range. Bandwidth response is typ-

ically down only - 6dB at 25MHz. Special

features include algebraic addition and sub-

traction of two input signzls, 19 calibrated

sweep ranges and front-panel X-Y operation.

[ V4 DYNASCAN
DS cCoRFPORATION

6460 West Cortiand Street, Chicago, 1llinois 60635 - 312/ 889-9087
in Canada: Atias Electronics, Ontario « Intl. Sis: Empire Exponrters, Inc.. 2 70 Newtown Road, Plainview, L1, NY 11803
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EQUIPMENT REPORTS
continued from page 30

the other. Then, you chase the loose resistor all
over the bench, solder it, and then you move
just as the solder sets! What you need at times
like this is another hand.

/& ¥
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CIRCLE 105 ON FREE INFORMATION CARD

The Spyderco Company, Box 3517, Red-
ding, CA 96001 has one for you called The
Portable Hand. 1t has four arms, each with an
adjustable bail-socket joint with a thumb-
screw. The arms can be set to any position or
angle you wish, and are mounted on a stamped

@

metal star that can be placed on the bench as a
base, or fastened with a screw through the
center. Three of the arms end in standard
Mueller Series 60 alligator clips. These clips
are secured by a brass collar with a set-screw,
which makes them easy to replace if damaged.
The clips will hold the leads of any small
components. If necessary, they can be padded
by slipping a piecc of spaghetti wire over the
jaws.

The fourth arm has a larger Mucller Hippo-
Clip with rubber-padded jaws and grips. You
can use this clip to fasten The Portable Hand
to the bench edge, a shelf, or the top of a TV
cabinet, and then just use the other three
arms.

This is the kind of handy timesaving device
that I love! An illustrated folder comes with it
that shows 18 possible things you can do with
it. It is definitely not a toy or a cheaply made
gadget to play with. 1t’s very well-built, strong
and should withstand long and hard use on the
bench. The Portable Hand sells for $9.95. and
it should pay for itself soon. R-E

5
A
“Of course you're welcome to get a second

opinion, doctor! But this first one is still going
to cost you $47.00!"

Call us.

RedCross. The Good Neighbor.

Need help? Call us. Want to help?

A Public Service of This Magazine m
& The Advertising Council (J
Gwna

As Featured in R-E

You probably first found out about the Central
Data 2650 computer board when it was featured in
the April-June, 1977 issues of Radio-Electronics.
Since then we've designed a 16K and 24K RAM
board for greater memory capability, an S-100 com-
patible extender board for easy expansion and two
new software packages for program sophistication.
We also offer all of the peripherals for a complete
computer system. Of course, our board still has all
of the same high quality standard features it has

always had.

*a 2650 microprocessor

e an 80 character by 16 line display
e a powerful Supervisor Program

¢ a 300 Baud Cassette Interface

e one parallel input port and one bit

settable output port

» 2048 bytes of read-write memory for the

video display and your programs

Whether you’re an experienced computer user
or just a beginner, we can help you build a system
suited to your needs. Let us know what you need

today.

:. ~
|
" TRFY 14 H‘.{

-{“9.

Central Datta Cormp.

PO Box 2484, Station A
Champaign, IL 61820

217-359-8010
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This 8-bit machine,
by itself, is as versatile

HEATHWIT

System Engineered
for Person

Computers, peripherals and
nearly 400 exciting, easy to
build electronic kits
all in your

Heathkit
Catalog

b MEATH Hea~h Company, Dext. 02020
e dl Bedon Harbor, Mi 43022

Plezse send me my FFEE Heathk t catal>3.
I amr not on your mailing list.
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Personal Gomputers

Ever wonder what you would do with a
possibilities are limited only by your imagination.
plus a look at what a computer system consists of and

8 RADIO-ELECTRONICS

WILLIAM BARDEN

Buying a personal computer sys-
tem today is somewhat similar to
choosing a wife. Rather than evalu-
ating the field qualitatively and mak-
ing the choice based on logic, a lot of
emotion is involved. This article de-
cribes currently available microcom-
puters and attempts to give the read-
er some selection guidelines.

Why buy a microcomputer?
Personal computers are essentially

compo_sed of logic circuitry. Unlike

complicated special-purpose circuitry

BYT-8 microcomputer from Byte Incorporated
has toggle switches and LED indicators on the
front panel.

that performs only one dedicated
function, however, the microcomput-
er can be rapidly and easily changed
to perform a variety of functions by
reprogramming. The circuitry is
“told” how to perform each specific
Job demanded of it by its owner.
Using any of the many microcom-
puters available today it is possible
(at reasonable cost) to:

e Play a variety of games from Star
Trek to involved combat games.

Create and play synthesized mu-
sical selections

Understand human voice com-
mands.

Speak with a Scots brogue.

Set up an energy conservation
system for your home with the
computer controlling the heating
and cooling, and possibly even
opening and closing windows au-
tomatically.

Prepare your income tax.

Set up a weight-loss program that
is specifically tailored to the
amount of weight you want to
lose, how fast you want to lose it
and how much work you want to
put into it.

Compute your payroll; figuring tax
deductions, health insurance, so-
cial security, etc.

Act as a bill collector; automat-
ically preparing collection letters
that are individualized for each
customer and reporting back to
you on the status of each custom-
er and the total of your unpaid
accounts.

Balance your checkbook and esti-
mate your net worth.

Inventory parts for your small
business.

Decipher and generate Morse
code for an amateur radio tran-
sceiver.

Provide a burglar and fire alarm
for home or business.

Provide automatic telephone dial-
ing and decode remote telephone
commands.

Control lights, sprinklers and
heating.

Tutor yourself, spouse and chil-
dren.

As more software is developed
{more instructions), your comput-
er system can grow to accomplish
additional tasks. It is never limited
to a specific set of tasks. When-
ever you come up with a new job
for your machine, a littie program-
ming will make it possible for the
computer to add still another job.

www.americanradiohistorv.com

Now it is possible to design indi-
vidual, special-purpose circuits so
that they can provide most of thesc
functions, but what other design can
perform every one of these functions
and at such a low cost?

pdp 11/03 MINICOMPUTER from digital shows
how information is displayed on a CRT.

Several years ago, a properly
equipped minicomputer would have
cost about $40,000. Now, all the
functions described above can easily
be implemented on a $2000 micro-
computer system, and many can be
performed on a $600 system. If
you’re ready to spend what you'd pay
for a new TV set or stereo system,
just take a look at what your money
will buy.

Microcomputer components

Figure 1 shows typical microcom-
puter components. The logic compo-
nents are grouped into hardware,
software and firmware.

Hardware consists of the cabinetry
that contains the circuitry, necessary
power supplies, a real or imaginary
bus representing system logic signals,
memory, a central processing unit
(CPU) and firmware. The bus is the
master wiring system of the comput-
er. It can most conveniently be
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Are They Right For You?

computer if you had one in your home? The
Here’s a look at a few of the many possibilities,
what you should look for when selecting your own.

thought of as a wide ribbon cable
consisting of as many as 100 separate
wires.

In the S-100 bus, for example,
there are 100 wires. Each one carrics
a specific signal. Each circuit board
in the computer is set up with a
connector that matches the bus. Lead
number | is always the same in that
system, as is lead number 2, and 3
and so on. All bus systems are not
compatible. Each one has its own sct
of connections. This can be both an
advantage and a disadvantage.

The good side is that several com-
panies can make products that fit a
particular bus. As the computer own-
er you can then buy plug-ins from a
variety of suppliers. However, in
practice, there are multiple suppliers
for only 4 small number of the avail-
able bus systems. For the others, the
only source of add-ons is the original
system manufacturer. Don’t forget
this point. It could cost you dollars
when you want to expand your sys-
tem.

Software is the instructions that

_ _HA_R_D_\.NNE ar = SOFTWARE
[CABINET, POWER SUPPLIES, ¥, [
IBUS CONNECTORS | S 7:‘1
g 3 sl
o g _ / SOFTWARE
| | -— any' FIRMWARE / ]‘U CISTINGS
[ SYSTEM §

| ] N f Pno%mms

: _ ROM

CPU (CENTRAL _ {OPTIONAL)
| PROCESSING UNIT)
|| M '

[, Assfocéfg EO | SYSTEM AND
| 2 | SOFTWARE
L s 00CUMENTATION

Ly T P | — —— a—
’5 (OPTIONAL - SOME TV OISPLAY,
| |2 | DEVICE CONTROLLERS | aupio TAPE
MAY BE ON PC BOARD) | CASSETTE, ETC.
‘ PERIPHERAL _1__ PERIPHERAL
| OEVICE — - DEVICE
3 SOFTWARE
CONTRDLLER 1 L 7o =% pRocRANS:
| | ==/ utiLTv Anp
5 APPLICATIONS
l | | o - -l— 2
| A i | $
P — s g}
—
= -
; - N - N
| ;

FIG. 1—A MICROCOMPUTER SYSTEM consists of RAM memory, a central processing unit plus
system programs stored in ROM memory. Peripheral devices, such as a CRT terminal, printer, or
additional external memory are connected to the system via peripheral device controllers. Signals to
the various parts of the system are carried along the system bus.
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enable the computer to follow your
directions and accomplish its task.
Again, therc are options, mostly in
terms of the “language” you use.
(For more information on language
and programming, sce the following
article in this special section.) There
is also available for almost all person-
al computers, prepared software on
magnetic tape or paper tape that can
be used to tell the computer how 1o
do a specific job. Firmware is hard-
wired software and cannot be casily
changed.

The cabinet in many cases is quite
unimpressive. The Apple 11 and Ra-
dio Shack TRS-80 systems are of this
type; they contain a minimum of
controls and switches. Other micro-
computers have a cabinet with a con-
trol panel, as is the case with the
MITS 8800b and IMSAI 8080 mi-
crocomputers; however, a control
panel’s usefulness is debatable.

XITAN MAINFRAME from Technical Design
Labs has an S$100 bus structure.

Within the cabinet are the power
supplies and system bus. If the mi-
crocomputer is similar to the Byte
Incorporated BYT-8, it contains a

8461 ANNC
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discrete physical bus. You can look
into the cabinet and observe a series
of 100-pin connectors mounted on a
PC board with 100 etched lines rep-
resenting the bus. If the microcom-
puter is a Commodore PET, the bus
may be represented only by external
connectors and various etched lincs
on a single large PC board. The bus
of a microcomputer is usually similar
to the pinout (the diagram that shows
where the individual pins on the
microprocessor connect and shows
their functions) of the microproces-
sor itself. A microcomputer built
around the 8080A microprocessor

MINI-MICRO DESIGNER from E & L Instruments
is a breadboarding system for prototyping
computer circuits.

has 8080-type signals, one con-
structed around the 6800 micropro-
cessor has 6800-type signals, ctc.

crocomputer is an integrated single-
board type (PET), the CPU forms
part of the logic IC’s on the board
itself.

STATIC RAM MEMORY from Vector Graphic is
designed for the S100 bus structure.

The CPU consists of the miicropro-
cessor 1C and any TTL or MOS IC’s
required to interface the micropro-
cessor to the rest of the system.
Almost all personal computers use
either the 8080, 6800, 6502, or Z-80
microprocessors as a base around
which the microcomputer is built. A
comparison of the four types is be-
yond the scope of this article, but, in
Beneral, the current versions of thesc
microprocessors arc approximately
equal in speed, instruction set and
efficiency—much more so than, for
instance, the differences between an
8080 microprocessor and its prede-
cessor, the 8008.

(Time out for some definitions.
The instruction set is the sct of built-
in instructions that the microproces-
sor can inherently perform. Every
microprocessor type has its own spe-
cific instruction sct. Speed relates to
how quickly the microprocessor can
complete a step in its operation. This
time is usually measured in microse-
conds.)

In many applications, the actual
microprocessor 1C used will be rrans-
parent (transparent means that the
user will not be aware of the micro-
processor and will not know what
type is in the machine unless he
checks the manual to find out) to the

H9 CRT TERMINAL from Heathkit has CRT
display plus alphanumeric keyboard.

system user. The differences in
speeds and efliciency between the

TABLE I—Peripheral Devices For Current Microcomputers

Availability On
System Type
Device Explanation I i [} v
Keyboard Similar to typewriter key- BC A AB A
board
i — ol = e e
Video display Alphanumeric and/or BD A AB A
graphic
Teletype ASR-33 series BD A AB | CD
Audio cassette tape | Secondary storage BD A AB A
Floppy disc Secondary fast storage DE A AC AB
" Printer High-speed hard copy CE A AC JjD
Paper tape equip- Auxiliary storage CE A BC CE
ment - - |
A/D, D/A Analog-to-digital input, D/A { CE A AC CE
g output
Music synthesizer Better than a MOOG CE A AC CE
| Speech input/out- Actually sound input/out- CE A BC CE
put put

8 If the microcomputer has a bus Relay drivers For control applications | CE| A | AC | CE
Z  with plug-in connectors (as in the '

€ MITS 8800b), the microprocessor HEtes

[ . ¥, . I. Microcomputer on a board; Il, S-100; Iil, non-S-100; IV, turnkey system.

Q and qssocnated circuitry will be on a A. Readily available.

o plug-in board called the CPU board. B. Sometimes available.

¢ (The CPU is the central processor €. May be connected with some difficulty or design work.

) unit. It is the brain, the control D. May be connected with more difficulty or design work.

@ center, of the computer.) If the mi- E. A major effort.

40
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microprocessors themselves will be
secondary to other system attributes
such as the efficiency of the software,
the design and the bus structure.
Memory will also be contained on
separate plug-in modules in a bus-
oriented microcomputer (8800b), or
on a portion of the motherboard
(PET). All current microcomputers
can address up to 65,536 bytes of

RADIO-SHACK'S TRS-80 microcomputer sys-
tem has memory and keyboard.

memory directly (sixty-four 1024-
byte segments, or 64K). In practice,
this memory range is divided be-
tween user-accessible memory and

firmware memory. If 10K bytes arc
used for firmware, for example, only
54K bytes are available to the system

uscer.

COMPUCOLOR offers microcomputer and full-
color graphics terminal in single enclosure.

The firmware portion of memory
consists of read-only memory, physi-
cally represented by ROM, PROM,
or EPROM (Read-Only Memory,
Programmable Read-Only Memory,
or Erasable PROM). Generally, the
firmware includes the manufacturer’s
systems software programs to provide

TABLE II—Current Microcomputer Types

Company Computer Type Microprocessor

Apple Computer Apple il I 6502
Central Data 2650 Computer | 2650 (Signetics)
E&L Instruments MMD-1 | 8080A
lasis ia7301 | 8080A
IMSAI IMSAI 8048 | 8048 (Intel)
MOS Technology KIM-1 [ 6502
Alpha Digital Systems | Alpha Z-80 Il Z-80
Byte Inc. BYT-8 Il 8080A
Cromemco Various I Z-80
Equinox Equinox System Il 8080A
IMSAI 8080 I 8080A
IMSAI 80/30 I 8080A
MITS Altair 8800b ll 8080A
North Star Horizon Il Z-80A
PolyMorphic Systems | POLY 88 1] 8080A
Processor Technolo-

gy Various /v | 8080A
Vector Graphic Vector 1 Il 8080A
Vector Graphic Vector 1+ Il 8080A
Digital Group Various I Z-80, 8080, 6800,

6502
Heathkit H8 n 8080A
Heathkit H11 11 LSI-11 (DEC PDP-
11)

Intelligent Systems intecolor 8001 I 8080A
Midwest Sci. Instr. MSI-6800 I 6800
MITS Altair 680B 11 6800
Ohio Scientific Challenger Il 1l 6502A
Southwest Technical SWTP 6800 I 6800
Apple Computer Apple Il v 6502
Commodore PET 2001 v 6502
Ohio Scientific Challenger IIP v 6502A
Radio Shack TRS-80 A% Z-80

I—Microcomputer on a board.
I—S-100 type.
III—Non-S-100 type.
IV—Turnkey system.

www.americanradiohistorv.com

file manage, an operating system and
a BASIC interpreter. Firmware is
included with such microcomputers
as Radio Shack’s TRS-80 and Com-
modore’s PET, and can be added to
virtually any other microcomputer.
Firmware programs are nonvolatile,
that is, turning off the computer will
not destroy the program burned into
the PROM.

Firmware is an easy way to add
specific functions to a computer. Un-
like entering a program into memory,
firmware does not consume any
memory space and it cannot be erased
(with the exception of EPROM’s
which can be erased and repro-
grammed after being removed from
the computer). One way to think of
firmware is as a plug-in program—
the program is in the form of an inte-
grated circuit.

The remaining portion of memory
is RAM (Random Access Memory or
Read-Write Memory) and is user-
accessible for program storage. Natu-
rally, the more memory, the more
flexible and powerful the system. A
small system can have 4K of RAM,
while a larger configuration might
have 32K or more.

COMPUTER SYSTEM from The Digital Group
shows the various peripheral devices.

Peripheral devices and controllers
for the devices are connected to the
microcomputer either directly
through the bus or through input/
output (I/O) ports and connectors.

The peripheral devices shown in
Table 1 are available for use with
current microcomputers. Not every
device, however, is available for every
microcomputer. Many devices can be
connected to virtually any bus by
simple interfacing-design work.

A minimum workable system con-
sists of a keyboard (to enter alpha-
numeric characters), a video display
(to display characters or graphic
lines), a CPU and memory. Each
peripheral device needs a controller,
essentially an interface between the
bus and device. Since the peripheral
devices operate much more slowly
than the CPU’s hundreds of thou-
sands of instructions per second, the
controller buffers the data to match
the CPU and device speeds and per-

8/61 INNC
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forms handshaking (a constant back-
and-forth verification of the trans-
mission of data) between the CPU
and the device. The controller logic
again may be contained on a portion
of the single-board microcomputer
(represented as dashed lines in Fig.
1), or it may be a separate module.
Generally, for cach new peripheral
device that is added to the system, a
new controller board must be at-
tached to the bus or to an 1/0 port.

ACT-IVv CRT TERMINAL from Micro-Term has
alphanumeric keyboard.

Two general types of software are
available: system (or wtility) soft-
ware and applications software. Sys-
tem software includes programs to
hetp develop other programs, debug
or troubleshoot other programs, or
manage data in memory or in second-
ary memory storage. such as a floppy
disc or audio cassette tape. System
software can be supplied in firmware
or on an casily loadable program
medium, such as audio cassette tape
or paper tape. Applications programs
range from game packages to ac-
counts-receivable programs. in fact,
any program for which the micro-
computer system will be used.

Although system software may be
supplied in firmware as part of the
system, application programs gener-

ally come separately in the form of

audio cassette tapes, listings and doc-
umentation. Not all microcomputer
manufacturers supply huge quanti-
ties of applications programs. For
this reason and for the fun involved,
you can write your own applications
(or systems!) programs. There are
three types of programming available
to the user—machine language, as-
sembly language and higher-level
languages.

ALTAIR 680 FROM MITS has toggle switches
and discrete LED indicators on front panel.

Machine language is the most ba-
sic, tedious and (although some will
disagree) least enjoyable of the three
methods of programming. Rarely
necessary on today's systems, it
requires you to enter strings of binary
data to program the computer. As-
sembly language allows you to auto-
matically assemble the instructions
for the microprocessor being used in
the microcomputer, thus eliminating
the manual machine language meth-

MACHINE LANGUAGE

As input on hexadecimal key pad:
A8
OE
0A

ASSEMBLY LANGUAGE

As input on keyboard:

XRA A
MVI B. 10
ADD B
DCR B
JNZ LOOP

HIGHER-LEVEL (BASIC) LAN-
GUAGE
As input on keyboard:
350 LET S=0
360 FORI=1to 10
370 LET S=S+I

LOOP

380 NEXT

FIG. 2. ADDING 1+2+3. . . +10in three
languages

WWwWWwW.americanradiohistorv.com

od. Although machine language and
assembly language programs can be
executed much faster than other
higher-level languages. they are more
time-consuming to write. Higher-lev-
el languages such as BASIC let you
program statements that resemble
the English language. BASIC is by
far the easiest language to learn and
the most readily available for micro-
computers. Other languages that are
offered arce FORTRAN, COBOI. or
APL. Figure 2 compares the three
programming types used for a simple
program. For morce details on the
three major programming methods,
see ““How To Program A Computer”
elsewhere in this special section.

Available microcomputers

Currently, four basic personal mi-
crocomputer types are available: The
microcomputer on a hoard, the non-
S-100 modular microcomputer. and
the turnkey system. Table I1 lists the
lower-cost systems of the four micro-
computer types.

The microcomputer on a board
format is exemplified by such sys-
tems as MOS Technology's KIM-1.
Other microcomputers of this type

SYSTEM 8813 trom Polymorphic has three flop-
py disk drives.

are offered by microprocessor manu-
facturers as single-board evaluation
modules. These are designed primari-
ly for the engineer who will cither
evaluate the microprocessor or inte-
grate the module in a production
system.

This type of module (available ci-
ther as a kit or fully assembled) may
include an LED display, a small num-
eric keyboard. a small systems soft-
ware program in the firmware and a
small user-accessible RAM memory.
In some cascs, additional memory or
1/O devices arc added to the basic
system. Programming is generally
possible only by using machine lan-
guage.

The advantages of this system are
its low cost, hardware simplicity.
small size and low power drain. Its
disadvantages are its lack of expanda-
bility (there are few add-ons avail-
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able) and its less-sophisticated soft-
ware. This type of microcomputer is
probably ideal for an experimenter
who wants to obtain the most basic
hardware and software in order to
learn and understand how both as-
pects of a personal computer func-
tion.

The S-100 modular microcomput-
ers started with the MITS 8800.
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MODEL CT-1 from Computalker Consuitants is
a speech synthesizer board.

MITS defined the MITS (or S-100)
bus, and many other manufacturers
copied it in their microcomputer
designs. There are literally dozens of
memory boards, 1/0 devices and spe-
cial-purpose interfaces that plug di-
rectly into the S-100 bus. Most arc
compatible with each other, even if
they are produced by different manu-
facturers. A control panel may or
may not be offered. Firmware is not
stressed but may be provided. In
general, the S-100 microcomputers

cannot simply be plugged in and
operated. Kits or fully assembled sys-
tems are available.

VECTOR 1 MICROCOMPUTER from Vector
Graphic.

This system’s advantages are its
low cost, a wide range of add-on
peripherals and sophisticated hard-
ware and software. The chief disad-
vantage is the lack of good general-
purpose firmware (preprogrammed
plug-in PROM’s to take care of
things like programming language).

The third group of microcomput-
ers do not use the S-100 bus and
provide a modular, rather than a
turnkey, system. Since the S-100 bus
is not used, additional modules or
peripheral devices that are compat-
ible with the system are probably
provided only by the manufacturer of
the system—for example, the South-
west Technical Products SWTP-
6800. As with S-100-type microcom-

puters, systems in the non-S-100
group are available as kits or fully
assembled. The primary advantage of
this group is their somewhat lower
cost. The greatest disadvantage is
their reliance upon the manufac-
turers’ own add-on devices.

The last group of microcomputers
are the turnkey (plug it in and turn it
on) systems, as for example, the Ra-
dio Shack TRS-80. These systems
are fully assembled, warrantied and
ready to operate. Firmware includes
an operating system and a BASIC
interpreter; a keyboard, video display
and audio cassette interface arc usu-
ally provided.

The advantages of this group are
the low cost, the “plug it in and turn
it on” configuration, the integrated
systems software, and a wide range of
user-developed application programs.
The disadvantages are the possible
limited expandability and the reli-
ance upon manufacturers’ own add-
on modules and peripheral devices.

This represents a rather brief sum-
mary of the current personal comput-
er marketplace. Although therc are
many factors involved in selecting a
microcomputer, unlike choosing a
wife, the purchaser won’t be rcjected
if he has the cash! R-E

Peripherals-arms and legs

To perform useful functions, a computer needs peripheral
devices. These devices interface between man and machine
and greatly expand a computer’s capability.

KARL SAVON
SEMICONDUCTOR EDITOR

PERIPHERALS ARE THE ARMS, LEGS.
mouth and ears of the microcomput-
er. Without them, the computer is no
more than a theoretical curiosity. Pe-
ripherals perform two basic func-
tions: First, they interface between
man and machine. They appear in the
form of terminals, graphic displays
and printers. Second, they expand the
computer’s capability from theoret-
ical to highly practical applications
through the use of such devices as
cassette recorders, floppy-disk drives
and analog interfaces.

Terminals

The most basic peripheral needed
for a microcomputer is a terminal
that lets you talk to the machine,
program it, enter data into it and
receive answers from it. Toggle
switches and LED displays are ade-
quate for a learning system, but once
past basics it is vital to be able to
move information in and out at con-
versational and at higher rates. Pro-
gram-development cycles require an
efficient link between you and the
assemblers, compilers, interpreters
and file management software. Even
though there are diverse forms of
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data terminals, the most generally
used is a keyboard-display combina-
tion.

A terminal, unlike a typewriter,
consists of two electrically separate
parts that are actually physically sep-
arated in some systems. The key-
board-driven transmitter usually has
a standard typewriter key arrange-
ment, plus several control keys. Of-
ten, only upper case letters are imple-
mented and separate numeric key-
pads are built-in for convenience. On
the receive end of the terminal, the
most common devices are impact rib-
bon printers and video display.
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For the computer and terminal 1o
understand cach other, they must
speak the same language. Several
standard formats have been com-
posed so that system components
from different manufacturers can
work together:

e The predominant format in use is
the American Standard Code for
Information Interchange (ASCII).
It is a 7-bit code plus a parity bit
with a particular combination of
bits corresponding to each char-
acter in its vocabulary.

e Some older equipment use a five-
level Baudot code that was devel-
oped for telegraphic purposes. Its
basic set of 25 or 32 codes is
nearly doubled in keyboard char-
acters, using letter and number
keys that precede characters in
one of two sets. Although similar
in function to a typewriter shift
key, these keys are not depressed
simultaneously with other keys.

e The EBCDIC code is an eight-
level language used by IBM and
others that has twice the charac-
ters of ASCII (28 = 256 vs. 27 =
128), and is suited for more com-
plex control and graphic applica-
tions.

Diode or IC encoders convert key
closures into ASCII or other codes.

DAZZLER from Cromemco interfaces between
$100 bus and TV set to add graphics.

These relatively slow, operator-lim-
ited terminals use serial data flow
over one or two wires (plus ground).
Parallel-to-serial conversion in the
transmitter converts the parallel out-
put of the keyboard-encoder into the
serial bit stream, and corresponding
serial-to-parallel conversion and de-
coding are performed in the receiver.
UART integrated circuits have been
designed that perform the conversion
and the related tasks of parity-check-
ing and start-and-stop bit genera-
tion.

When the ASCII code is combined
with start-and-stop bits, sequences of
10 or 11 bits represent each trans-
mitted or received character. Trans-
mission 1s asynchronous, which
means it does not require a trans-
mitted clock signal.

The ones and zeroes of the data
stream on the wires that connect the
terminal and computer are distin-
guished by two DC levels. Several

SKIP il MICROCOMPUTER by NBL has hexade-
cimal keyboard and LED indicators.
different voltage or current levels are
used for compatibility with TTL,
RS232C (bipolar) or 20- or 60-mA
current-loop equipment.

The terminal receive-and-transmit
sections are independent of each oth-
er. It is only by electrical interfaces in
the terminal or through the computer
that the printer mechanism or CRT
screen displays the keyboard data
entries. In a full-duplex system, the
computer and terminal communicate
in both directions simultaneously.
The computer is programmed to ccho
back what is transmitted to it. Con-
trol characters would normally pro-
duce nonprinting codes, but the com-
puter can return intelligent
responses; for example, “‘control C”
or “1C” when the control-C combi-
nation is typed on the keyboard. In
half-duplex systems, communication
takes place in one direction at a time.
In most cases the terminal is wired so
that the printer or display responds
directly to the keyboard because the

computer does not have time to echo
the response. Otherwise, after you
typed a letter you would then have to
wait for the computer to return the
character before you could type a
second letter. Inadvertently hooking
a half-duplex terminal to a full-
duplex system produces strange re-
sults—typically, the double-printing
of pressed keys. Many terminals can
be switched between half-duplex and
full-duplex modes.

1BK-1 MICROCOMPUTER from IMSAI has built-
in card cage, CRT terminal and power supply

Terminal data rates are from 10 to
30 characters-per-second for strictly
manual keyboard devices. Those key-
boards having built-in paper tape or
magnetic tape storage have data rates
of 30 to 480 characters-per-second
and even higher.

Keyboards may have 64 or 128
ASCII characters, and may have
such features as numeric pads, tactile
feedback and rollover. During an en-
try sequence, a fast typist, or a slower
one with an uneven technique, may
depress more than one key at any
given instant. N-key rollover
(NKRO) recognizes the key closures
in the time order in which they are
entered, and does not become con-
fused when more than one key re-
mains depressed. Two-key rollover
(2KRO) is a less-sophisticated meth-
od that only recognizes two key clo-
sures simultaneously. The third and
subsequent closures are ignored.

Keyboards are classified as con-
tacting and noncontacting, depend-
ing on how the electrical current path
is interrupted. Key pressure sensing
may be performed mechanically, ca-
pacitively, photoelectrically, or by us-
ing reed switches, saturating cores,
Hall-effect devices or elastomers.

Hard-copy printers are classified
as impact and nonimpact, each with
its own particular advantages and
drawbacks. Impact printers use me-
chanical hammers, wheels or dot-
matrix pins that strike the paper
through an inked ribbon, and one
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column or one line is printed at a
time. Impact printers are low-cost
and can make copies, but they are
generally noisy, may have poor print
quality and are not as reliable as well-
designed nonimpact printers.

Nonimpact printers are fast and
quiet. One type uses ink jets that are
sprayed onto the paper and controlled
electrostatically. Electrolytic print-
ers pass an electric current through
chemically treated paper with wires
or pins. Electrostatic printers use
precharged dielectric-coated paper
that 1s passed through a toner. The
toner has ink particles that are oppo-
sitely charged to the printed charges
on the paper. Thermal printers use
transistor dot-matrix printheads that
move across temperature-sensitive
paper. Character fonts are electri-
cally stored in read-only-memories
(ROM?’s).

ECT MICROCOMPUTER FROM Electric Control
Technology has $100 bus structure.

Some stand-alone computer sys-
tems have a keyboard and video dis-
play or printer built right into the
main housing. Sometimes a video or
RF output is provided so a video
monitor or TV receiver can be used
as an economical display.

The video terminal is expected to
become the main home-computer pe-
ripheral because of its low cost and
graphic capability. Video terminals
have editing options that allow cor-
rections before the characters are fed
to the computer. Other options in-
clude page and scrolling formats,
character accents, selectable baud
rates and cursor controls. Video ter-
minals do not make hard copies. A
preferred arrangement is a video ter-
minal backed up by a printer that can
generate a permanent record of the
data that must be saved.

There is an intermediate class of
terminals that use a TV display and a
low-cost hex keypad. Primarily used
in learning systems, they are ade-
quate and even preferred for special
applications where the input is main-
ly numeric.

The final choice of terminal must
be made on the basis of cost, multi-
ple-copy capability, speed, interface
requirements, printing-vs.-plotting
characteristics, font, print quality
and color, noise, ease of operation,
serviceability, type of paper, and re-
liability.

Tape cassettes and cartridges

As system and user programs grow
in length and number, you must find
a sensible way to store them. Virtu-
ally all microcomputer manufac-
turers have recognized the advan-
tages of using standard audio cassette
recorders for program storage. In-

RAM MEMORY BOARD trom Electronic Control
Technology mates with the S100 bus.

terfacing hardware and software are-

important resident or optional parts
of their systems. Frequency shift
keying (FSK), pulse-width modula-
tion (PWM), phase encoding (PE),
nonreturn-to-zero (NRZ), biphase
encoding, group-coded recording
(GCR), Manchester coding and the
Kansas City Standard (KCS) are
some methods used to both store data
on audio tape and retrieve it. Phase
encoding is popular because it is self-
clocking, making it tolerant of speed
variations and has good noise perfor-
mance. Manchester coding is a type
of phase-transitional encoding in
which positive signal transitions rep-
resent ones and negative transitions
represent zeroes. The KCS method is
a variation of Manchester code that
represents zeroes as 1200-Hz tone
bursts and ones as 2400-Hz bursts.

Although at one time paper tape
was very popular, it is being gradu-
ally displaced by digital magnetic-
tape cartridges and cassettes that of-
fer much greater reliability than ei-
ther paper tape or audio cassettes.
Lower-performance machines use
drives that have evolved from audio
recorders. In these systems the tape is
caught and held between a capstan
drive shaft and a free-wheeling pinch
roller. At higher tape speeds and data
densities, direct servomotor drives
are used. Two motors drive the cas-
sette hubs in a very clean mechanical
arrangement.
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Digital recorders use phase encod-
ing with typical tape densities of 800
bits-per-inch. They have versatile
control functions including write,
stop, reverse one block or line, read
one block or line, read continuously,
erase, rewind for cassette removal
and wind past tape leader. Extcnsive
error checking is performed for dro-
pouts, bit timing and character pari-
ty. The unformated capacity of a
cassette is about 720 kilobits and data
transfer rates are 24 kilobits-per-
second.

Cartridge drives provide improved
performance and are used wherever
higher operating speeds (48 kilobit-
per-second transfer rate) and greater
storage capacity (2.9 kilobits) are
needed. Quarter-inch tape is re-
corded with densities of 1600 bits-
per-inch on up to four tracks. Car-
tridge-drive manufacturers plan to
compete with floppy disks by reduc-
ing access times. But for the present
the tape heads and system mechanics
limit search speeds to about 30
inches-per-second.

Floppy disks

Given enough financial resources,
there are very few computer enthusi-
asts who would not invest in a large-
capacity, floating-head, magnetic
disk system. Random-access address-
ing of large amounts of stored data
makes such a system look almost like
a huge chunk of RAM. Some ad-

. R

RADIO SHACK TRS-80 microcomputer shown
with video monitor.

vanced computer systems exchange
segments of disk memory with main
computer memory to give the com-
puter the virrual appearance of a
machine with a very large main mem-
ory. Real-life budgets have forced
computer manufacturers alike to find
an economical compromise. The flop-
py disk does not have the data capaci-
ty of cassettes and cartridges. but is a
random-access device with almost
500 times faster access. The Mylar
disk is 9 inches in diameter and
0.003-inch thick, coated with a mag-
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netic oxide and protected in an 8-
inch-square jacket. The jacket has
holes through which the spindle ro-
tates the disk at 360 RPM, the head
contacts the disk, and (on hard-
sectored disks) the index holes are
exposed. Hard-sectored disks use
photoelectrically sensed index holes
to locate data; soft-sectored disks rely
on reading the block headings re-
corded on the disk.

FL.OPPY DISC DRIVE from Mits adds additional
memory to microcomputer system.

On IBM-compatible disks, data is
recorded on 77 concentric tracks that
are numbered 00 to 76 from the
outside of the disk in. Track 00 holds
labels and system and disk informa-
tion, two tracks are reserved as al-
ternates, leaving 73 tracks for data.
Each track has 26 sectors, and each
record or sector stores 128 bytes.
This calculates to a total of 73 X 26
X 128 = 242,944 bytes. There are
double-sided, higher-density floppy
disks and other non-1BM-compatible
disks with greater capacity.

In a step to reduce costs even
further, the minifloppy disk was
created, packaged in a S5's-inch-
square jacket. Hard-sectored miini-
floppy disks have 16 records-per-

track and soft-sectored 18 records-
per-track. The record length remains
128 bytes, with either 35 or 40
tracks. Maximum storage capacity is
then 18 X 40 X 128 = 92,160 bytes
(one byte = 8 bits). Data transfer
rates are about 125 kilobits-per-sec-
ond. It is rumored that a $100 mini-

foppy drive will soon appear on the

market.

Floppy disks also have their diffi-
culties, the main problem being
much higher wear than their floating-
head big brothers. Disk life is typi-
cally specified in the millions of
passes-per-track.

Other equipment

Having deliberately skipped over
terminals different than the key-
board-printer, it is time to backtrack
a little. A terminal is any device that
reads in and writes out information; it
can be equipment that handles
punched paper tape or cards, magnet-
ic cards and tape, bar codes, and so
forth.

Paper tape is useful if you own an
ASR Teletype machine with its
built-in paper-tape reader and punch.
With no additional expense except
for the paper tape. you have a readily
available storage medium. Unfortu-
nately, this system is also slow and
noisy. More sophisticated photoelec-
tric readers and high-speed punches
are available but they are fairly
expensive. Low-cost optical readers
eliminate some of the complexity and
expense: The tape is pulled manually
through the reader. This type of
equipment is attractive if you have
quite a lot of paper-tape software
available.

Card readers and punches are not
very popular. They arc most familiar
in the 80-column by 12-row format.
One of their peculiar advantages is
the ease with which a single program
statement or data line can be modi-
fied without upsetting the rest of the
program.

The line printer is an extension of
the terminal printer or display,
except it tends to be a high-speed
device (for example, 125 lines-per-
minute with each line having 132
characters) used when there are
many pages of data to be printed.

Plotters use servocontrolled coor-
dinate positioning arms to produce
permanent graphic records. They dif-
fer from chart recorders in that the
stylus can draw complex patterns
back and forth over the stationary

paper.
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If a terminal is situated far away
and telephone lines or radio waves arc
used as the connecting medium, some
type of communications interface or
modem (modulator-demodulator) is
needed. Tone and phase-modulation
schemes are used. and error-correct-
ing codes are added to enhance relia-
bility. Acoustic couplers and modems
are either built into terminals or are
separate entities. The coupler con-
nects to a telephone handset and con-
verts the received telephone toncs
into an electrical output signal. 1t also
converts an electrical input signal
from the modem into sound that
drives the phone’s transmitter cle-
ment. A portable terminal can be
taken anywhere and the computer
called up for field access. The modem
performs the phase or frequency en-
coding to condition the digital bit
stream for the communications chan-
nel.

Charged-coupled mass memories
may become competitive with cas-
settes, cartridges and disks in the
near future. Access is completely
electronic and about 50 times faster
than a high-speed disk. There are
some devices already on the market
with capacities of I million bytes.

If your application is highly scien-
tific or mathematic and you perform
such operations as evaluating matri-
ces, you may find that your BASIC
interpreter or other software is much
too slow. Peripheral floating-point
hardware solves such problems with
their high-speed parallel computation
methods.

Interfaces

Interfacing between the computer
and the peripheral device is an cssen-
tial consideration. The interface can
be as expensive as the peripheral
itself. Unless the peripheral is direct-
ly compatible with the computer’s
voltage levels and timing, a controller
will be necessary to match up the
two. A widely adopted technique
minimizes hardware modification by
using software drivers stored in
ROM or RAM to produce the signals
needed by the peripheral. Software or
firmware (ROM) approaches may
adversely afTect the performance of
the peripheral or the entire system.
Before rushing out to purchasc any
peripheral device, it is best to know
exactly what other hardware and
software components are nceded to
make it work (and at what perfor-
mance level) with a particular com-
puter system. R-E
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Program A Gomputer

To get a computer to do what you want it to, you must
communicate with it. Here’s a look at three different
levels of programming and how to use each one.

ART KLEIMAN
MANAGING EDITOR

THERE'S NOTHING DUMBER ON THE
face of this carth than a computer.
Oh boy, are they cver stupid! Go
ahead, make one perfectly human
mistake when writing or entering a
program, hit “go” and. . . . . . ..
nothing! A pathetic 20th-century
staring match between man and ma-
chine. So, instead of finding out the
winner of that match, let’s grab the
latest computer catalog.

What are we looking for in the
catalog? Don’t be silly, we're looking
for help. Help comes in the form of a
higher-level language. So, we scan
past the paragraphs describing the
CPU boards, memory, 1/O. periph-
erals, etc., and go right to the soft-
ware section. Here, we're bombarded
with terms like machine code, assem-
bly language, interpreter, compiler.
BASIC, FORTRAN, APL.
EMPL. . . .. . .. whew! Before
you blow a human fuse, let’s take a
look at what these terms mean, and
what they mean to the computer. To
get a better understanding, however,
let’s first get back to basics.

How a computer is programmed

Digital computers are digital be-
cause they're built using digital logic
IC’s. And digital logic IC's eat,
chomp and spit out binary numbers
(zeroes and ones). That’s it! It docsn’t
matter whether we’re discussing the
data base at the Pentagon or the most
simplistic single-board microcomput-
er trainer. The only things flowing
through those circuits are zeroes and
ones.

The heart of the computer is the
CPU, or microprocessor. This nifty
device performs many functions,
such as adding, subtracting. compar-
ing, etc., in response to instructions.
In other words, it can do many
things, but it must be told what to do
by giving it an instruction. Remem-
ber, this is a digital device, so when it
adds or subtracts, it adds and sub-
tracts binary numbers (zeroes and
ones) and the instruction given to it
must be in the form of a binary
number.

If the microprocessor has one thing
going for it, it’s speed. It can perform
many operations in a very short time.
If we wanted to perform just one
operation, we wouldn't need a com-
puter. So, to perform many opera-
tions (hundreds, thousands, or even
hundreds of thousands) very fast, we
must feed the instructions to the
microprocessor just as fast. To do
this, we connect the microprocessor

EQUINOX 100 computer from Parasitic Engi-
neering has an octal keyboard.

to a memory. The instructions and
the necessary data are stored in the
memory and called a program.
Inside the microprocessor is a reg-
ister (a device for the temporary stor-
age of a binary number) called a
program counter. After storing the
program in the memory, the program
counter is set to the beginning ad-
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dress (location) of the program.
Then, you hit GO (instruct the micro-
processor to begin exccution). The
program counter addresses the first
memory location and the memory
responds by feeding the first instruc-
tion to the microprocessor. After the
microprocessor does its thing by cxe-
cuting the instruction, the program
counter is incremented (advances) by
one and addresses the next memory
location. Again, the memory respon-
ds by feeding the next instruction to
the microprocessor. The micropro-
cessor executes this instruction and
again increments the program coun-
ter by one. This process continues
until the entire program is executed.
So, programming a computer
means that you have to store the
program in the memory. This is done
by writing and then entering the
program in the computer’s memory.
This can be done at three different
levels—machine language, assembly
language and higher-level language.

Machine-language programming

You could write the program in
digital form and then enter the pro-
gram into the memory one digit at a
time. This is machine-language pro-
gramming. Figure 1 shows a simple
program for adding two numbers to-
gether. The program is written for
the 8080 microprocessor, onc of the
more popular 8-bit microprocessors.
(A bit is a binary digit and a byte is 8
bits.) The 8080 is an 8-bit microproc-
essor because it physically has cight
data lines. These data lines are used
to input instructions and data and
also to output the results. The 8080
also has address lines for addressing
memory. However, eight address
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lines aren’t enough. Eight bits would
enable the 8080 to address only 256
memory locations, hardly c¢nough
program space to do anything ¢xcept
add two numbers together. So, in-
ternally, the 8080 gangs two bytes
together and fecds them out on 16
address lines. Sixtcen address lines
enable the 8080 to address 65,536
memory locations—quite a lot! To
feed a memory location to the micro-
processor on the eight data lines,
however, requires two operations.
First, the low-order address byte (the
eight least significant bits of the
memory address) is input and then
the high-order address byte (cight
most significant bits of the memory
address) are input. This idea is imple-
mented in the simple addition pro-
gram shown in Fig. 1. Let’s take a
look at it and see what happens at
each step of execution.

The addition program occupies 15
memory locations starting at location
0 (represented by the 16-bit binary
number 0000000000000000). Basi-
cally, the program takes the binary
number stored in a specific memory
location, adds it to the binary number
stored in another memory location
and stores the result in a third memo-
ry location. For discussion purposes,
the left-hand column in Fig. | num-
bers each program step the way
you're used to seeing numbers—in
decimal form. This will make it easicr
for us to refer to each program step.

The very first memory location
(program step 1) contains an instruc-
tion that tells the microprocessor to
load the HL register pair with the
immediately following two data

bytes. Both the H and the L registers
arc 8-bit registers located inside the
microprocessor |C. When told to do
so by the instruction, the micropro-
cessor gangs these two registers to-
gether to form a single 16-bit regis-
ter, called the HL register pair. The
16-bit HL register pair is used to
specify a 16-bit memory location.
The microprocessor instruction is
also called the op-code.

Now, back to the program. The
next memory location (program step
2) contains the low-order 8-bits of
the memory address, which is to be
loaded into Register L of the HL

SOL TERMINAL COMPUTER has computer and
alphanumeric keyboard in a single enclosure.

register pair (by program step 1).
Program step 3 contains the high-
order 8-bits of the memory address,
which is to be loaded into Register H
of the HL register pair. After the
microprocessor completes program
step 3, the HL register pair con-

tains the memory address
0000000000001100. This memory
location, coincidentally, contains the
first number of our addition problem.
Program steps 4, 5 and 6 do the same
things that program steps 1, 2 and 3
do but with the DE register pair.
Here, the DE register pair is
loaded with memory address
0000000000001101. This memory
location contains the second number
of our addition problem. So far,
we've got the HL and DE register
pairs loaded with two memory ad-
dresses, each one of the memory loca-
tions containing one number of our
addition problem.

Program step 7 contains an in-
struction that tells the microproces-
sor to load the accumulator with the
contents of the memory location
specified by the DE register pair. The
accumulator is another internal regis-
ter within the microprocessor. This
register is the working register. It is
used to manipulate data, perform
math and logic operations, store re-
sults, etc. The accumulator is in-
volved with just about every opera-
tion the microprocessor performs. So
far, we have the accumulator loaded
with the first number of our addition
problem.

Program step 8 is where the two
numbers are actually added. This
instruction tells the microprocessor
to add the contents of the accumu-

Program _Memory Location Instruction Comment
Step High-Order | Low-Order Data (Meaning of instruction)
1 00000000 00000000 00100001 |Load the HL register pair with the
two immediately following data
) bytes
00000000 00000001 00001100 |Memory address, low-order byte
3 00000000 00000010 | 00000000 |Memory address, high-order byte
00000000 00000011 00010001 |Load DE register pair with the two
immediately following data bytes
5 00000000 00000100 00001101 |Memory address, low-order byte
00000000 00000101 00000000 (Memory address, high-order byte

7 00000000 00000110 00011010 |Load accumulator with contents of
memory location specified by DE

8 00000000 00000111 10000110 |Add accumulator contents of
memory location specified by DE.

L. Store results in accumulator.

L) 00000000 00001000 00110010 |Store accumulator in memory lo-
cation specified by two following
data bytes

10 00000000 00001001 00001110 |Memory address,low-order byte

11 00000000 00001010 00000000 |Memory address, high-order byte

12 00000000 00001011 01110110 |Halit

13 00000000 00001100 XXXXXXXX |First number of addition problem

14 00000000 00001101 XXXXXXXX [Second number of addition prob-
lem

15 00000000 00001110 | XXXXXXXX |Result of addition

FIG. 1—MACHINE-LANGUAGE PROGRAM for adding two numbers together. The actual program
consists of the instruction/data that is stored in the corresponding memory locations.
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lator with the contents of the memo-
ry location specified by the HL regis-
ter pair. The result of the addition
operation is stored in the accumula-
tor. We could leave the result of the
addition in the accumulator if we
wanted to, but in actual practice this
is hardly ever done. The result is
either fed to an output port that is
connected to a CRT terminal, a
printer or something similar, or it can
be stored in another memory loca-
tion. Since we don’t have any periph-
eral equipment connected to our
computer, we'd simply store the re-
sult in another memory location. Pro-
gram step 9 does just this.

Program step 9 contains an in-
struction that tells the microproces-
sor to store the contents of the accu-
mulator in the memory location spec-
ified by the immediately following
two data bytes. Program step 10 con-
tains the low-order byte of the
memory address, and program step
11 contains the high-order data byte
of the memory location. Now, we
have the result of the addition opera-
tion stored in memory location
0000000000001110.

Program step 12 is @ HALT instruc-
tion. This tells the microprocessor
that the program is finished and to
stop execution. Program step 13 is
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ACT-1 TERMINAL has alphanumeric keyboard.
Monitor shows how information is displayed.

the memory location containing the
first number of the addition problem,
program step 14 is the second num-
ber in the addition problem and pro-
gram step 15 is the result of the addi-
tion operation.

To run the program, we
would simply load program steps 13
and 14 with the two numbers and
set the program counter to
0000000000000000. Then hit Go.
You could examine the contents of
memory location 0000000000001110
to obtain the result.

Entering a machine-language
program

Now that you know what a ma-
chine-language program is and what

LED INDICATORS SHOW
THE CURRENT STATUS
OF THE MACHINE

ADDRESS LED's
SHOW ADDRESS

TOGGLE SWITCHES

ENTER ADDRESS VALUES”

DATA LED's INDICATE THE CONTENTS OF
THE MEMORY LOCATION INDICATED BY

o _/THE ADDRESS LIGHTS

TOGGLE SWITCHES
ENTER DATA VALUES

FIG. 2—TYPICAL FRONT PANEL of computer showing toggle switches and LED indicators.

it looks like, let’s take a look at how
we load it into the machine. The
program isn’t fed to the micro-
processor; it's stored in the memory.
This means that we would have to
address the right memory location
and store the data/instruction at that
location. We could do this by using
toggle switches on the front panel of
the computer—16 toggle switches
connected to the address lines and
eight toggle switches connected to
the data lines (sce Fig. 2). We would
also need another toggle switch to
instruct the memory IC’s to store the
data on the data lines. This switch
could be labeled STORE, WRITE, EN-
TER, or anything appropriate. An
example of how one such toggle
switch is connected is shown in Fig.
3. One position of the toggle switch
would be labeled 0 and would ground
the line, the other position would be
labeled 1 and connect the line to +5
volts.

+5V

1i‘o—
= T0 MICROPROCESSOR
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FIG. 3—FRO