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COBRA REAINVENTS
THE REMOTE CB.

The tirst remote CBs were nothing
more than a CB transceiver that you
locked in your trunk and an oversized
muke that could barely fit in your hand.

Such was the state of the art when the
first remotes were introduced. Which
was why Cobra spent till now improving
the state of the art

Introducing the result. The Cobra
02XI.R Small enough to go under the
seat or on the firewall as well as in the
trunk Strong enough to take the
bounces and jolts those early remotes
couldn't Powerful enough to punch
through loud and clear.

The receiver has automatic gain
control, switchable noise limiting, plus
Dual-Gate Mosfet and Monolithic Crystal
Filter to keep interference to a minimum.
So the voice you hear always comes
through loud and clear

The streamlined mike puts all the
controls at your fingertips. Speaker,
channel selector and squelch are built
right in. So there's no fiddling around
while you're driving around

And with Cobra's reputation for
buillding them right and our nationwide
network of Service Centers making sure
they stay that way, you can be pretty
sure that nobody's ever going to improve
on the 62XLR.

Cobra may not have been the first to
make a remote. But we @\were the first
to do it right. £ ‘

Cobra

Punches through loud and clear.
Cobra Communications Products
DYNASCAN CORPORATION

6460 W Cortland St, Chicago, lllinois 60635

Write for color brochure

EXPORTERS. Empire « P

ainview, N Y+ NADA: Atlzs Electron nitaru
CIRCLE NO 8 ON FREE INFORMATION CARD

wWwWwW americanradiohistorv com


www.americanradiohistory.com

fact:

the IV does more... much more!

new!

Shure V15 TypelV

SUPER
Trackl\/

Stereo Dynetic Phono Cartridge

The creation of the new V15 Type IV is a tour de force in
innovative engineering. The challenge was to design a
cartridge that would transcend all existing cartridges in
musical transparency, technical excellence, and uniformity.
The unprecedented research and design disciplines that were
brought to bear on this challenge over a period of several years
have resulted in an altogether new pickup system that exceeds
previous performance levels by a significant degree—not
merely in one parameter, but in totality.

in fact, this pickup system has prevailed simultaneously over
several extremely difficult music re-creation problems which,
until now, have defied practical solutions. Most of all, this is an
eminently musical cartridge which is a delight to the critical ear,
regardiess of program material or the rigorous demands of
today's most technically advanced recordings.

Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204

THE V15 TYPE 1V OFFERS:

@ Demonstrably improved trackability across the entire
audible spectrum—especially in the critical mid- and
high-frequency areas.

SYSTEM TRACKABILITY *
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FREQUENCY IN HERTZ

*Cartridge-tone arm system trackability as mounted in SME 3009
tone arm at 1 gram tracking torce

® Dynamically stabilized tracking overcomes record-warp
caused problems, such as fluctuating tracking force, varying
tracking angle and wow.

® Electrostatic neutralization of the record surface minimizes
three separate problems: static discharge; electrostatic
attraction of the cartridge to the record; and attraction of dust
to the record.

® An effective dust and lint removal system.

® A Hyperelliptical stylus tip configuration dramatically
reduces both harmonic and intermodulation distortion.

e Ultra-flat response —individually tested to within = 1 dB.

® Lowered effective mass of moving system results in reduced
dynamic mechanical impedance for superb performance at
ultra-light tracking forces.

For more information on this remarkable new cartridge, write for
the V15 Type IV Product Brochure (ask for AL569), and read for
yourself how far Shure research and development has
advanced the state of the art.

SHUREKE

In Canada: A. C. Simmonds & Sons Limited

Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
CIRCLE NO 44 ON FREE INFORMATION CARD
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CSC's done it again.

Broken tne pric2 and perior-
mance barriers with new MAX-100.
Themullimode, professional corta-
tlefreguency counier that gives you
moie range, visibility, accuracyand
versa: ity than arry ccmparasle Lniz
g. anywhere near its fow, low price.

MAXimum performance.
MAX-100is a cinchto use.itgives
you continuous resdings from 23z
taa guaranteed 1GO0MHz, with 3-
cigitaccuracy. Fas: readings witk
1/6-sez. update and 1-sec. sariplirg
rate. Precise readir gs, derived f-om a
crystal-controlled time base wilk
3ppm accuracy. High-sensiti ity
r2adings from signzls as low as 0
mV, with diode ove’.0ac protect on
up to 20OV peaxs.

Input signals cver 100MHz ato-
marically flash tha most sigriticent
dig t. And to indicae fow-batkery con-
dition and extend remaining battary
l:fe, the entiredisolay flashes.at 1Hz.

_ MAXimum versatility. YWherev-
er and whenever you need accurate
frequencyreadings, MAX candath2
job. Use it with clipHdead cabie sip-
plied. Mini-whipan-enr:a. Or ow-10ss
in-1 ne tap with UHF connectors. For
AMor Fi; CB, ham. business redio
and R/C transmitter or receivat align-
ment. Monitoring audioand RF 3zn-
erators. Checking comouter clocks

and ctherdig.tal circuits. Repair of
depth souncers and fish spottars.
Troutleshoating ultrasonic remote
contrls. Fortnese, and hundreds of
other applicaziors, you [ find it indis-
pensab e.

MAXimum visibility. MAX-100
features a big, bright 0.6" multiplexed
8-digitLED display. with leading-
zero blanking So you don't have to
squirt. or werk Jp close And, MAX's
flip-up stand is buit-in.

MAXimum flexibility. MAX- 100
operates from fourpower sources, for
useinizborfeld. Irternat aikaline or
NiCad batte-ies. 1100r 220V with
charger/eliminator. 12V with auto-
mobile cigaretie-lighter adapler/
charger And external 72-10Vsupply.

MAXimum value.'Nitha | its
impressive specs, you'd expect MAX
to cosl a lat more than alow $* 34.95,
complete with clip-lead cable and
applicazions/instructio~ manual. But
that's anather nice thing about MAX:
though t's aczurate encugh for lab
use, i-'s well within the reach o hob-

‘byists" and CB-ers' budgets.

Order today. Call 203-624-3103
(EastCoast) or 415-421-887 2 (West
Coas:): 9 a.m.-5 p.m.locel time. Major
credi: cards ecceplec. Or see your
CSC dealer. Prices slightly higher
outside USA.

auon

5: Cortinanial SpEC anes Corpoi

79829455

Specifications.

Range: 20 Hz 1o 100 MHZ guaranteed.
Gatetime: 1 s=c. Resolution: 1 Hz. Ac-
curacy: + 1ooun: + tima base ervor. Input
Impedance: 1 MSL/56 pF-Coupling: AC.Sine
Wave Sensitivity: 30 mYRMS @ 50 MHz. In-
ternal Time Base Frequency: 3.£79545 MHz
crystalosc. Setability: + 3ppm @ 25°C.
Temp-Stability: Better than 0.2 ppm/°C
0-50°C. Max. Aging: 10 ppm/year Display:
Eight 6" LED c gits; anti-glare window. Lead-
zero blanking: decimal point appears tetween
6th and 7thd-¢ 't waen input exceeds 1 MHz.
Overflow: wil1signals over 99,999,99¢ Hz,
most sigaificant {left hanc) digit flashes. allow-
ing readings in 2xcess of 100 MHz. Display
update: 1/6-secord plus 1 sec. gate time Low
Battery Indicatos: When power supply falls
below 6.6 VDC, all digits flash @ 1 <z rate:
Flashing display e>tends battery lif2. Power: 6
AA Alkaline or NiCad cells (internal}; Exzernal:
110 0r 220/VAC Eliminatot/charger; Autociga-
rette lighter adapter; 7.2-10 VDC ext. supply;
Bat. Charging: 12-14hr. Size (HWB): " .75"x
563" x 7.75"{2.45x14.30x 19.69cm.)
Weight: Less than 1.51b. (0.68 kg) w/batteries.
Accesseries Included: Clip-lead input cable;
manual.

CONTINENTAL SPECIALTIES CORPORATION

70 Fulton Terrace, Bex 1942, New Haven, CT (656
203-624-3103 TWX 71D-465-1227

WEST COAST 350 Calfornia St, San Francisco, CA 94104,
415-421-8872 TW( 91)-372-7¢92

GREAT BRITAN CSC UK LTD.

Spur Road. Ncrta Feltham Trading Estate,

Feltham, Midclesex, Ergland.

01-890-0782 Int'l Teex: 851-881-3669

CANADA: _en F naler Ltd.; Ontario
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VOLUME 14, NUMBER 1

Coming
Next
Month

® VIDEO CASSETTE
RECORDERS

& PERSONAL COMPUTERS
FOR SMALL BUSINESSES

® BUILD ADIGITAL
DARK-RCOM TIMER

TEST REPORTS:

Realistic Optimus 10
Speaker System

Fioneer of Amearica Car
Stereo FM/AM Receiver

Leader Dual-Trace
Oscilloscope

Motorola CM-550 Maobile
AM/SSBE CB Transceiver

Cover Art by George Kelvin
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Popular Electronics’

WORLD'S LARGEST-SELLING ELECTRONICS MAGAZINE

Feature Articles

CARTRIDGE LOADING AND PREAMPLIFIER INTERACTION / Jufian Hirsch

HOW TO GET HI-FI SDUND IN ANY AUTO / Peter Sutheim
Latest mobile sound components and how to use them in your car.

SHORTWAVE DX ““CATCHES™* FROM AFRICA / Harry L. Helms, Jr.
Broadcasts from a changing continent can be informative and interesting.

MICROPROCESSDR MICRDCOURSE / Forrest M. Mims
Part 5: The control section of PIP-2.

Construction Articles

BUILD AN ELECTRONIC VOLTAGE REGULATOR FOR YOUR CAR / L. Steven Cheairs
Solid-state system uses new IC to achieve high reliability at low cost.

LOW-COST LOOP ANTENNA EXTENOS AM RADIO RECEPTION / Douglas Koh!
Air-core loop helps pull in distant stations.

LISTEN TO A NEW WORLO DOF SOUNDS WITH ULTRASONIC DETECTOR / Brian Dance
Converts ultrasonic sounds from inSects, gas leaks, etc. to audio output.

Columns

STEREO SCENE / Raiph Hodges
Power Supplies and Other Revelations.

SOLID STATE / Lou Garner
Crossing the Bridge.

HOBBY SCENE Q&A / John McVeigh

EXPERIMENTER'S CORNER / Forres: M. Mims
Digital to Analog Converters, Part 1

CB SCENE / PE Staff
Inside a Sideband Club.

COMPUTER BITS / Hal Chamberlin
Computer Arithmetic.

Julian Hirsch Audio Reports

HAFLER MOOEL OH-101 STEREO PREAMPLIFIER
TECHNICS MODEL SL-1500MK2 DIRECT-DRIVE TURNTABLE SYSTEM
INFINITY MODEL Qb SPEAKER SYSTEM

Electronic Product Test Report

SONY MODEL ICB-1020 PORTABLE CB TRANSCEIVER

Departments

EDITORIAL / Art Saisberg
The Electronic Curse!

LETTERS

NEW PRDDUCTS

NEW LITERATURE

SOFTWARE SOURCES

OPERATION ASSIST

ELECTRONICS WORLO NEWS HIGHLIGHTS
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THE ELECTRONIC CURSE!

An editor from New York magazine telephoned me today and said, “I'm calling
you because I'm doing a feature story on laziness.”” Allowing me a few seconds to
recover from that opening line, she asked if | know anyone locally whose home is
equipped to do most anything at the push of a button or on voice command.

Have our electronic servants made us lazy, as some people seem to believe? |
think not, in the true sense of the word. But others may view this differently.

Many Japanese, for example, feel that some electronic aids can make a person
sluggish, physically or mentally. That's one reason why the use of the abacus or
soroban is so widespread in Japan (some 25 million Japanese use this device to-
day). Interestingly, the abacus is considered to be a valuable aid for increasing
one's mental alertness. Of course, the Japanese haven't forsaken electronic cal-
culators. They've simply added a mechanical device to their ownership of an elec-
tronic product, much as many Americans use bicycles as well as automobiles.

The importance that such mental-aleriness training holds for the Japanese is un-
derscored by the abacus instruction given every year to some two million eleraen-
tary school students. Furthermore, abacus instruction is mandatory for business
administration students (about 300,000), and more than 300,000 Japanese are en-
rolled in special abacus schools. Every year, 12 million Japanese take exams in
the use of the abacus to get a degree in proficiency level. Sort of a “black belt” in
abacus. Local abacus contests are held in Japan, with winners competing in an an-
nual soroban contest.

Primitive product or not (the abacus pre-dates Christ), tests prove that ex-
perienced abacus users can match the speed of electronic calculator users for ad-
dition, subtraction, division and multiplication. More important, though, Japanese
company spokesmen claim that the mental exercise garnered by using an abacus
develops a cerebral agility that is beneficial in business. Abacus users are said to
be able to figure out customers’' change in their heads with amazing speed and ac-
curacy, for example; at Hitachi, Ltd., computer key punch operators are chosen on
the basis of abacus proficiency, etc. To see how you fare against a skilled abacus
user, time yourself with an electronic calculator for answers to 30 problems at the
level of 8546 x 38. (A recent 18-year-old soroban champion required only 1%z min-
utes on an abacus to solve 30 such calculations when he entered high school.)

I'm not suggesting that one forget about using an electronic calculator, of
course. But in line with electronics being a possible curse in some respects, let's
not forget the basics of creating and assembling these and other electronic de-
vices. How you approach this makes the difference between a kit builder and an
electronics experimenter. There’s nothing wrong with the former, but to really learn
about electronics, don’t forget the latter! And in response to those people who think
that electronics makes one lazy, electronics enthusiasts all know that it takes con-
siderable work (and knowledge) to assemble or design electronic equipment so
that we can take it easy.

POPULAR ELECTRONICS
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Desig of Digit/ Sstms -

ix

volumes

The products of digital electronics techno-
logy will play an important role in your
future. Calculators, digital watches and TV
games are already commonplace. Now,
microprocessors are generating a whole new
range of products. Personal computers will
be in widespread use very soon. Your TV,
telephone and computer will combine to
change your children’s education, your job—
your entire way of life.

WRITTEN BY EXPERTS

These courses were written by experts in
electronics and learning systems so that you
could teach yourself the theory and appli-
cation of digital logic. Learning by self-
instruction has the advantages of being
faster and more thorough than classroom
learning. You work at your own pace and
respond by answering questions on each new
piece of information before proceeding.

After completing these courses you will
have broadened your career prospects as well
as your understanding of the rapidly chang-
ing technological world around you.

The courses are designed as much for the
professional engineer as for the amateur
enthusiast. You'll learn about microp:ocess-
ing as well as personal computing — not to
mention all the other aspects of digital
etectronics design.

ADVANCED CDURSE
DESIGN OF DIGITAL SYSTEMS

Design of Digital Systems is written for the
engineer and serious hobbyist who wants to
learn more about digital electronics. Its six
large-format volumes—each 11%" x 8% are
packed with information, diagrams and
questions designed to lead you step by step
through number systems and Boolean algebra
to memories, counters and simple arithmetic
circuits,and finally to a complete understand-
ing of the design and operation of micro-
processors and computers.

CONTENTS

The contents of Design of Digital Systems
include:

Book 1: Octal, hexadecimal and binary
number systems; representation of negative
numbers; complementary systems; binary
mulitplication and division.

Book 2: OR and AND functions; logic
gates; NOT, exclusive-OR, NAND,NOR and
exclusive - NOR functions; multiple input
gates, truth tables; DeMorgan’s Laws; canon-
ical forms; logic conventions; Karnaugh map-
ping; three-state and wired logic.

Also avaiiable at teading computer stares:

Cornputer Mart of New York, 118 Madisan Ave  New Yurk, NY

Ene Computer Co.. 1253 west 8th St Enie, PA

Interactive Computers. 7646Y% Dashwood Houston. TX

Interactive Computers, 16440 EI Camina Real, Honston, TX.
Interactive Computers, 217 W San FranCisco, Sante Fe NM.

Readout Computer Stores, 6 Winspear Ave | Buftalo NY

Imperial Computer Systems, Inc , 210% 23rd Ave | Rockford, IL
Home Computer Center, 6101 Yonge St . Willowdsle Ontario Canada

and many others. Ask your dealer.

JULY 1978

Book 3: Half adders and full adders; sub-
tractors; serial and parallel adders; processors
and arithmetic logic units {ALUs); multi-
plication and division systems.

Book 4: Flip-flops; shift registers; asynch-
ronous counters; ring, Johnson and exclusive
-OR feedback counter; random access mem-
ories {RAMs); read-only memories {ROMs).

Book 5: Structure of calculators; keyboard
encoding; decoding display data; register
systems; control unit; program ROM; address
decoding; instruction sets; instruction decod-
ing; control program structure.

Book 6: Central processing unit {CPU);
memory organization; character represen-
tation;  program storage; address modes;
input/output systems; program interrupts;
interrupt priorities; programming; assemblers;
executive programs, operating systems, and
time-sharing.

BASIC CDURSE

Digital Computer Logic & Electronics

CONTENTS

Digital Computer Logic and Electronics is
designed for the beginner. No mathmetical
knowledge other than simple arithmetic is
assumed, though you should have an aptitude
for logical thought. It consists of 4 volumes—
each 11%" x 8%’ —and serves as an intro-
duction to the subject of digital electronics.

Contents include: Binary, octal and decimal
number systems; conversion between number
systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth
tables; DeMorgan’s Laws; design of logical
circuits using NOR gates; R-S and J-K flip-
flops; binary counters, shift registers and
half-adders.

wwWwW americanradiohistorv com

Personal Computers
& Microprocessing

Here are two inexpensive programmed

learning courses designed to keep
you up-to-date in digital electronics.

NO RISK GUARANTEE

There's absolutely no risk to you. |f you're
not completely satisfied with your courses,
simply return them to GFN within 30 days.
We'll send you a prompt, full refund, Plus
return postage.

TAX DEDUCTIBLE

In most cases, the full cost of GFN's
courses can be a tax deductible expense.

HOW TO ORDER

To order by credit card, call GFN's toll-
free number — (800)331-1000; or send your
check or money order (payable to GFN
Industries, Inc.) to the address below.

Prices include overseas surface mail post-
age. Air Mail: additional costs (10 volumes};
Caribbean $10; Europe $15; Africa, South
America $20; Australia, Asia $25; or write
for exact quote

Write for educational discounts, quantity
discounts and dealer costs.

LDW PRICES — SAVE $5

We ship promptly from stock. There are
no extras—we pay all shipping costs; we even
pay vyour sales tax where required. And if
you order both courses, you save $5. Order
at no obilgation today.

Design of Digital Systems ........ $19.95
- 6 volumes

Digital Computer Logic .......... $14.95
& Electronics - 4 volumes

Both courses - 10 volumes ....... $29.90

GFN Industries, Inc.
Suite 400—P

888 Seventh Ave.
New York

N.Y. 10019

Call TOLL-FREE (800) 331-1000
(orders only)


www.americanradiohistory.com

/
Letters

“ROADMATE”’ REVISITED

With reference to the ‘Roadmate” CB con-
verter featured in the October 1976 issue of
PorPuLAR ELECTRONICS, an r-f signal can leak
from the antenna through C1, R6, and LED1
to the power system of the vehicle. Moreover,
r-f noise from the ignition system can enter
the converter via the opposite path. Addition
of a 10-mH miniature choke in series with A6
will overcome this problem and result in a no-
ticeably higher S/N for the converter.
—Mark W. Fleming, Watertown, MA.

GETTING THE NAME STRAIGHT

Although the article "How to Upgrade a Ba-
sic ELF Microcomputer” (February 1978) ap-
pears to be technically sound and proficiently
written, the contention that “Feelin’ Groovy'
was penned by Nei! Simon looks very odd
The author of “Feelin' Groovy" is Paul
Simon. —Donald L. Wallace, Dayton, OH.

Box 7162, Los Angeles, CA 90022,

UFO RESEARCHER

Having researched the UFO (unidentified
flying object) controversy for the past 21
years, | read with interest “Investigating
UFO's and Other Magnetic Phenomena”
{May 1978). | am very pleased to see some
fresh material on the subject. Author George

Lawrence's UFO article was most informative.

—Hayden C. Hewes, Director, International
UFO Bureau, Inc., Edmond, OK.

GREAT TUTORIAL

Thanks for the great article on “How to De-
sign Power Supplies” in the April 1978 issue.
It was one of the best tutorial articles on elec-
tronics | have ever seen. It combined clearly
presented theoretical material, good practical
examples (including diagrams and pictures),
and practical suggestions for determining val-
ues for a given component. —Charles Rag-
land, San Francisco, CA.

ELFUSER'S GROUP

I am certain that many POPULAR ELEC-
TRONICS readers will be interested to know
that we are forming a COSMAC-1802 User's
Group for hobbyists who have any of the Elf
versions available, including VIP, Infinite, and
other 1802-based microcomputers. We will
be corresponding, exchanging software and
ideas, etc. Membership is free. Interested
readers, please write directly to: Patrick Kelly,

A COMPONENT CHANGE

With reference to the "Real-Time Y-
Octave Analyzer” that appeared in the Sep-
tember and October 1977 issues of POPULAR
ELECTRONICS, please be advised that there
has been a component substitution. An
SN76502 was originally specified for IC36.
This particular IC has been discontinued. The
new part numberis TL4441CN.

Also, Table | in the article had two errors in
it. The filter capacitors shouid be labelled C8
and C28 (not C9 and C29) and should be
0.068 uF (not 0.047-uF). —Richard Marsh

Out of Tune

In “Microprocessor Microcourse, Part 2"
(April 1978) the Q and Q outputs of the flip-
flop in Fig. 13 should be transposed.

In “Elf 1| ROM Monitor” (March 1978) the
connection to pin 17 of a 2102 in Fig. 1
should betoa 2101.

In "How to Design and Build Power Sup-
plies, Part I" (April 1978), on page 43 under
“Filters,” the second paragraph should read

. the higher frequency of the full-wave
rectifier's output is easier to filter.” Also the
last sentence under the “Filters” heading
should read 8000 uF—not 8000 pF.

A P BROUGHT YOU SOLDERLESS BREADBOARDING.
NOW WE'VE ADDED POWER.

Introducing POWERACE, the new line of ACE All Circuit Evaluafors.

POWERACE—for fast, solderless circuit building and
testing. All models will accept all DIP sizes—plus TO-5's

and discretes with leads to .032” diameter. POWERACE

101 has a variable 5-15 VDC 600 ma Power supply.
POWERACE 102 features a fixed 5VDC 1 amp power

supply; and POWERACE 103 has a fixed 5VDC 750 ma

power supply, a fixed +15VDC 250 ma power supply, and
a fixed —15VDC power supply at 250 ma.

POWERACE
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Order from your A P distributor today. For the name of
the distributor nearest you call Toll-Free 800-321-9668.

Faster and Easier is what we’re all about.
AP PRODUCTS INCORPORATED

Box 110 » 72 Corwin Drive, Painesville OH 44077
(216) 354-2101 TWX: 810-425-2250
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Popular Electronics
cprint series

Many important articles covering a variety of interests in the broad field of electronics are
published in POPULAR ELECTRONICS. Reprints of selected articles and test reports are
now available in the event that you missed some you would like to have for reference or
study purposes—or for projects you wish to build. Reprints are only $1 each, 75¢ for those

marked with an asterisk, $1.50 for those noted. Minimum order is $3

+* Denotes new reprints available for the first time!

SPECIAL ARTICLES

AUDIO

40854 How The New FTC Hi-Fi Rules Affect You

40855 How To Evaluate Tape Recording Specs

40856 A New Standard For FM Tuner Measurements
+40964 Build The Hi-Fi/TV Audio Minder

COMPUTER
40860 How To Select A Microcomputer
40861 Ins & Outs Of Computers For Beginners
+»40966 Introducing Speechlab—The First Hobbyist Vocal
Interface For A Computer —$1.50

COSMAC "ELF" SERIES

40857 Low Cost Experimenter's Microcomputer

40858 Experimenter's Microcomputer/With Hardware
Improvements & More Programming Details

40859 Microcomputer/ How To Expand Memory, Plus
More Programs

40870 Build The Pixie Graphic Display

COMMUNICATIONS

40862 CB Specifications Made Easy

40863 *How To Choose CB Base Station Antennas
40965 Build Morse-A-Letter —$1.50

OTHER
40867 How To Design Your Own Power Supplies
40868 The Care & Feeding Of NiCd Batteries
40869 Build A Gas & Fume Detector

+40963 *Six CMOS Circuits For Experimenters

+40967 Programming Calculators For Fun and Games —$1.50

+»40968*Zap New Life Into Dead NiCd Batteries

LEARNING ELECTRONIC THEORY WITH

CALCULATORS SERIES

40864 Basic Equations and OHM's Law

40865 Reactance, Time Constants And AC Calculations

40866 RC Coupling, Basic Amplifier Calculations, and
RLC Relationship

TEST REPORTS

AUDIO
40871 ADC Accutrac 4000 Record Player
40872* Empire Model 698 Manual Turntable

40873 Kenwood Model 600 Integrated Stereo Amplifier
40874*MXR Stereo Graphic Equalizer
40875*Nakamichi Model 500 Stereo Cassette Deck
40876 Onkyo Model TX-4500 AM/Stereo FM Receiver
40877 *Ortofon MC20 Moving Coil Phono Cartridge
40878* Pickering Model XV-15/625E Stereo Phono Cartridge
40879 Pioneer Model CT-F8282 Stereo Cassette Deck
40880 Radio Shack “Realistic” Model STA-2000
AM/Stereo FM Receiver
40881 Rotel RX-7707 AM/Stereo FM Receiver
40882 Sansui Model TU-9900 AM/Stereo FM Tuner
40883* Shure Model M24H Stereo Phono Cartridge
40884 * Sony Model TA-4650 V-FET Stereo Power Amplifier
40885* Spectro Acoustics Model 210 Stereo
Graphic Equalizer
40886* Stanton Model 681EEE Stereo Phono Cartridge
40887 Teac Model PC-10 Portable Stereo Cassette Ceck
40888* Technics Model SB-6000A Linear Phase
Speaker System
40889* Thorens Model TD-126C Record Player
+»40969* Akai Model GX-270D-SS Four-Channel Tape Recorder
40970 Speakerlab Model S7 Speaker System Kit
+»40972* Dual Model 1245 Automatic Turntable
40973 * Burwen Model DNF 1201A Noise Reducer System

COMMUNICATIONS
40890* Cobra Model 29XLR 40-Ch. AM CB Mobile Transceiver
40891 *Drake Model SSR-1 AM/SSB Communications
Receiver
40892*Kenwood Model TS-820 Amateur Radio Transceiver
40893 *Kris Model XL-50 40-Ch. AM CB Mobile Transceiver
40894 * President Model *“Washington” 40-Ch.
AM/SSB CB Base Station
40895 Yaesu Model FRG-7 AM/SSB Communications
Receiver
40971 *General Electric Model 3-5825 AM/SSB CB Transceiver
40974 * Realistic Model TRC-449 Mobite AM/SSB CB Transceiver

TEST INSTRUMENTS

40928*B&K-Precision Model 280 Digital Multimeter
40929*B&K-Precision Model 1471B Dual-Trace Scopa
40930*Ballantine Model 1010A Dual-Trace Scope
40931 *Fluke Model 8020A Digital Multimeter
40932 * Hewlett-Packard Model 280 Digital Multimeter
40933 *Sencore Model DVM-32 Digital Multimeter
40934*Sencore Model TF-70 Portable Transistor Tester
40935* Triplet Model 60 Analog Multimeter

*REPRINTS ARE $1 EACH, 75¢ FOR THOSE MARKED WITH ASTERISK, $1.50 FOR THOSE NOTED, MINIMUM ORDER $3.00.

POPULAR ELECTRONICS REPRINTS, Dept. |78

P. O. Box 278, Pratt Station

Reprint =

Brooklyn, New York 11205

Please send the reprints listed.

NUMBER OF REPRINTS ORDERED ErY
@75¢ @$1.00 @81 50

Quan Reprint == Quan Print Name _
Address
i City - e ——— il
State Zip
| tResidents of CA, CO, DC, FL, IL, MI, MO, NY STATE, TX
and VT add applicable sales tax. Qutside U.S.A. add $1.00

TOTAL ENCLOSED $ + it A :
(MINIMUM ORDER $3.00) - | o] per order
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New Products

Additional information on new  products

covered in this section is available fromt the

manufacturers. Either circle the item’s code

number on the Free Information Card

or write to the manufacturer at the
address given.

B&K Precision
Portable Oscilloscope

The B&K Precision Model 1432 portable,
triggered-sweep. dual-trace oscilloscope
has a rated bandwidth of 15 MHz and verti-
cal sensitivity of 2 mV/division. Operation
can be from 117 or 234 V ac or 12 V dc.
Features include: channel A ~channel B,
19 calibrated sweep ranges from 0.5 us to
1.5 s. 5x magnifier. automatic selection of
chopped or alternate display modes. and
automatic TV fine and frame sync selec-
tion. The TTL-compatible Z axis permits in-
tensity modulation of the 3" CRT over a 1-
MHz range. Battery overcharge is prevent-
ed by an automatic charge-limiting circuit

The Model 1432 is supplied with two 10:1/
direct probes, four accessory tips with car-
rying pouch, ac and dc power cables. and
a viewing hood. Options include a re-
chargeable battery pack. $750.

CiRCLE NO 93 ON FREE INFORMATION CARD

Hustler Quick Mount
CB Antenna

The Hustler "Speedy Seizer” mobile an-
tenna 1s designed for fast, semipermanent
mounting on such car-panel edges as
doors and trunk lids. A built-in ball joint al-
lows its use on vertical or horizontal edges
requiring only a '« gap with a %" minimum
return behind the panel for clamping. The
mount grounds directly to the vehicle body,
yet can be readily removed for car washes
or concealment. The 46" long antenna is a

stainless steel center-loaded whip with
screwdriver-adijustable tip rod for SWR ad-
justments. A 17" RG-58 cable with factory-
installed connectors is provided. $19.95.
CIRCLE NO 88 ON FREE INFORMATION CARD

Five-Volt
Powered ’
Breadboard

Designed primarily for TTL logic circuits,
the Continental Specialties PB-203 Proto- .
Board includes a 1%-regulated, 5-volt dc

power supply. The breadboard area in-
cludes enough tie points to support four-
teen, 14-pin DIP IC’s. Four binding posts

Fr.om-Banrd M 203

S

e

provide additional power and signal con-
nections. The power supply is rated at 1 A,
5 +0.25 V. with 10 mV combined ripple
and noise at !> A out, and is protected
against short circuits. Dimensions are 6%
x 9% x 34in. (16.5 x 24.8 x 8.3 cm). $80.

CIRCLE NO 91 ON FREE INFORMATION CARO |

Hidden Radar
Detector Converter

Bel Sales' “Shadow' converter allows con-
cealment of any radar detector under car
hoods. says the manufacturer. When X
band or K band radar is sensed by the ra-
dar detector. the "Shadow’ flashes a red

o THE SHADDW

hght and sounds a warning beeper. The
new device is powered from the car's ciga-
rette lighter Wiring and a waterproofing kit
are included. $49 .95

CIRCLE NO B9 ON FREE INFORMATION CARD

Automatic
Garage Door
Electronic Lock

Here is an electronic combination lock to
activate automatic garage-door openers
without using radio control or a key. The
three-digit combination has a total of 390

|
=t Rk

possible combinations; wrong digits disa-
ble the system for 30 to 60 seconds. The
lock is guaranteed to operate from - 50" to
15Q"F.. and requires only two low-voltage
wires and two screws for its installation.
$19.95. Address: Domino Engineering
Corp.. Box 376, Taylorville, IL 62568.

S

Teac Open-Reel
Tape Deck

Teac's new quarter-track, two-channel
A-6600 is an open-reel tape deck with sep-
arate erase, record, playback, and re- |
verse-playback heads. Full IC logic push-
button control is provided, along with auto-
matic reverse (with sensing foil) and auto-
matic repeat play. A two-capstan servo- |
tension system moves tape at speeds of |

¢ 000 «« INENRINg -

3% and 7'2 ips. The A-6600 also includes

a 20-dB microphone attenuator pad, cue

selection, auto space, large and small reel

tension switch. individual microphone and

line controls for each channel, a master |

control, independent two-position bias and |
(Continued on page 10) |
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equalization controls, large VU meters

which can be switched to read up to =6 VU,

independent input level controls for mike/

line mixing capability, and a separate out-

put level control. Optional accessories in-

clude the RC-80 remote control. $1300.
CIRCLE NO 92 ON FREE INFORMATION CARD

Portable Radio
Direction Finder

The Apelco Marine Electronics DF-10 ra-
dio direction finder receives marine and
aviation radio beacons, the marine band,

and standard AM broadcasts. The DF-10
features a switchable noise limiter and a
bfo. Another tuning aid provided is a sensi-
tivity meter, which doubles as a power cell
strength indicator. The solid-state radio di-
rection finder is powered by eight “D" cells.
Dimensions are 7.5"H x 11"W x 9"D (19.1 x
27.9 x 22.9 cm). Weight is 8.5 Ib (3.9 kg).
$249.

CIRCLE NO 86 ON FREE INFORMATION CARD

and rumble is rated at —65 dB. Turntable
speed accuracy is maintained automatical-

ly but the user can also adjust it by =5.5%.

The 6-g low-mass tonearm has automatic
lift-off and damped cueing. Other ST-8
highlights include a built-in bubble level
with adjustable levelers and touch-sensi-
tive resistance-type switches. Dimensions
are 6.8"H x 16.5"W x 16.3"D (15.7 x 41.9x
41.3cm). $499.

CIRCLE NO 85 ON FREE INFORMATION CARO

Satin Moving-Coil
Cartridge

The Satin Model M-117G is claimed to be
the only moving-coil stereo cartridge that
offers an output great enough to drive am-
plifiers and receivers directly without the
need for a transformer or pre-preamplifier.
In addition, the Satin is also said to be the
only moving-coil cartridge with user-
replaceable stylus assembly. (it is held in
place by magnetic force.) The key to the
high 3.0-mV output of the cartridge is the
use of aluminum ribbon coils and an
advanced magnetic structure to concen-
trate a high magnetic force in a 250-micron
gap. The cartridge comes with a 0.2 x 0.8
mil elliptical diamond stylus. Frequency
range is rated at 20 Hz to 25,000 Hz. Com-
pliance is rated at 12 x 10—6 cm/dyne.
Recommended tracking force is 0.5 to
1.5g. 8115,

CIRCLE NO 87 ON FREE INFORMATION CARD

Rabco Straight-Line-
Tracking Turntable

The Rabco Model ST-8 straight-line-track-
ing 33-1/3-45-rpm turntable was recently
unveiled by Harman-Kardon. The ST-8
plays records the same way the master is
recorded; the company claims zero track-
ing error, zero skating force, and zero sty-

lus overhang. A "Hall-effect” servo-con-
trolled dc motor drives the 2.4-Ib (1.1-kg)
turntable via a belt. The platter is brought
to selected speed from a dead stop in only
one revolution, according to the manufac-
turer. Wow and flutter is said to be 0.05%:

Chemtronics Solder/
Desolder System

The Chemtronics SD5 Modular Solder/
Desolder System consists of a pound or
half-pound spool of MIL-spec sclder and a
Dispenser

D5 Desolder Wick Tool

snapped into the core of the solder spool.
The D5 features a 22" heat-resistant Tef-
lon probe which is said to allow precise ap-
plication of the flux-treated wick. The probe
tip also aids “webbing” of the wick, which
is available in 0.06” and 0.10" gauges. The
entire SD5 system is refillable and avail-
able as separate components. Solder
comes in 16-, 18-, and 21-gauge sizes with
63/37, 60/40, 50/50, and 40/60 formulas.

CIRCLE NO 94 ON FREE INFORMATION CARD

Space Byte Modular
Business Computer

Space Byte's new Modular Business Com-
puter is a business-oriented system that in-
cludes the Space Byte SB85-16 Terminal
Mounted Mainframe with 8085-based CPU
and 16K of read/write memory, a Hazel-
tine 1500 video display terminal, and an

iCOM 3712 dual floppy disk drive with
iCOM FDOS Il operating system. All hard-
ware is mounted on an adjustable, roll-
away floor stand. The BIZPAK business-
application software provided is a report-
generating system written in assembly lan-
guage, and features interactive program
modules for accounts payable and receiv-
able, payroll, and general ledger. There is
extensive operator prompting and trans-
parent file maintenance for inexperienced
computer operators. Other software avail-
able includes Disk Extended BASIC,
CP/M, and Fortran-80. Hardware and soft-
ware maintenance contracts are available,

CIRCLE NO 95 ON FREE INFORMATION CARD

Onkyo Digital
Synthesized Tuner

Onkyo's Model T-909 FM tuner uses digital
processing techniques throughout its cir-
cuitry, according to the manufacturer. The
T-909 employs a quartz crystal controlled
oscillator said to provide a tuning frequen-
cy accuracy of +30 ppm. Tuning is accom-

plished in 200-kHz steps, and the T-909
displays the frequency to which it is tuned

on front-panel, seven-segment LED's.
Among the features of the T-309 is its sev-
en-channel, user-programmable memory.
This allows station selection at the push of
a button. Other features include Dolby NR
adaptor plug-in provisions and a deempha-
sis switch, front-end dual-gate MOSFET's,
muitipath detector terminals, and a “birdie"

(Continued on page 12)
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ALABAMA
Mobile
ALASKA
Anchorage
ARIZONA
Flagstaff
Fountain Hills
Tempe

Yuma
CALIFORNIA
Bellflower
Berkeley
Cypress

El Monte
Fontana
Fullerton
Glendale

Lake Tahoe, South
Long Beach
Mission Viejo
Modesto
Monterey
Oceanside
Palo Alto
Palmdale
Pasadena
Sacramento
Sacramento
Sacramento
San Bernardino

San Carlos

San Diego

San Fernando
San Francisco
San Francisco
San Jose

San Luis Obispo
Santa Cruz
Santa Monica
Sunnyvale
Torrance
Vallejo

Van Nuys
Ventura

Walinut Creek
Westminster
COLORADO
Aurora
Steamboat Springs

CONNECTICUT
Bridgeport
FLORIDA
Ft. Lauderdale
Gainesville
Lakeland
Orlando
Tampa
Tampa
GEORGIA
Atlanta
HAWATII
Aiea
Honolulu
IDAHO
Idaho Falls
ILLINOIS
Carbondale
Evanston
Evanston
Granite City
Groveland
Mount Prospect
Niles

QOak Park
Rockford
Schaumburg
INDIANA
East Chicago
Hammond
IOWA
Clinton
Indianola
KANSAS
Kansas City

R b
iIm-pak co

Lafayette Radio Electronics

Electronics Corp. of Alaska

Jim’s Audio & Stereo Repair

P & C Communications
Computerworld Inc.
Yuma Electronics

Earl’s Hobby Shop

Al Lasher Electronics
SCR Electronics
Kimball & Stark
Fontana Electronics
Orvac Electronics Inc.
Eagle Electronics
CalPine Electronics
‘Scott Radio Supply Inc.
Tower Electronics Corp.
Computer Magic

Zackit

Electronic Center

Zack Electronics

Radio Shack A.S.C. Palmdale

Dow Radio Inc.

Heathkit Electronic Center
The Radio Place

Zackit

Inland Computer

& Electronics

J & H Outlet Store

Radio Shack A.S.C. Mira Mesa

San Fernando Electronics
Zack Electronics

Zenith Distributing Corp.
Quement Electronics

Mid-State Electronic Supply

Santa Cruz Electronics
Mission Control

Sunnyvale Electronics

SE Electronics

Zackit

Thrifty Electronics Supply
Lombard’s Electronics Inc.
Byte Shop of Wainut Creek
JK Electronics

Com Co Electronics
Norm's TV
& Electronics

Bridgeport Computer

Computers For You
Lafayette Radio

Lakeland Specialty Electronics

Altair Computer Center
AMF Electronics
Microcomputer Systems

Atlanta Computer Mart

Delcoms Hawaii
Integrated Circuit Supply

Audiotronics

Lafayette Radio

Itty Bitty Machine Co.
Tri-State Electronic Corp.
Computer Systems Center
Moyer Electronics
Tri-State Electronic Corp.
Computer Land
Spectronics Inc.

Imperial Computer Systems

Data Domain

Acro Electronics Corp.
Quantum Computer Works

Bridge Elec. Computer Center

Electronix Limited

Electronic Surplus Sales

One-Stop
mponent Center

KANSAS (Continued)

Manhattan Communications Speciaities Ltd.
Wichita Amateur Radio Equipment Company
KENTUCKY
Lexington Radio-Electronic Equipment Co.
LOUISIANA
Baton Rouge Davis Electronics Supply Co.
MARYLAND
Baltimore Computer Workshop
of Baltimore
Baltimore Everything Electronic
La Vale J & M Electronics
Rockville Computer Workshop
Silver Spring Computers Etc.
Towson Baynesville Electronic Inc.
Towson Computers Etc.
MASSACHUSETTS
Medford Tufts Electronics
North Adams Electronics Supply Center
Waltham Computer Mart Inc.
Worcester RM Electronics Inc.
MICHIGAN

Ann Arbor Airway Electronic Communications

Flint Hobby Electronic Center
Grand Rapids Micro Computer World
Lansing Fulton Radio Supply Co.
Mt Clemens The Computer Store

MINNESOTA

Duluth Northwest Radio of Duluth

Eagan Computer Room Inc.

MISSOURI

E! Dorado Springs Beckman Electronics

Parkville Computer Workshop
of Kansas City

MONTANA

Billings Conley Radio Supply

NEBRASKA

Lincoin Altair Computer Center

North Platte Scott Radio Supply Corp.

Omaha Omaha Computer Store

NEVADA

Las Vegas Century 23

NEW JERSEY

Bayville A.R.S. Communications Services

Bricktown Radio Shack Associate Store
Cherry Hill The Computer Emporium
Hoboken Hoboken Computer Works

Pompton Lake Computer Corner

of New Jersey

Ramsey Typetronic Computer Store
NEW YORK

Albany Fort Orange Electronics
New York Computer Mart of New York

AUTHORIZED DEALERS

NEW YORK (Continued)

Rensselaer
Rochester
Troy

White Plains
Witliamsville

Com-Tech Electronics
2001 Microsystems
Trojan Electronics
The Computer Corner
Hirsch Sales Co.

NORTH CAROLINA

Durham
Greensboro
Raleigh

OHIO
Bucyrus
Cincinnati
Columbus
Dayton
Reynoldsburg
OKLAHOMA
Guymon
Okiahoma City
Tulsa
OREGON
Beaverton
Coos Bay
Ontario
Salem

PENNSYLVANIA

Drexel Hill
Erie
Hershey
Murraysville

Phoenixvilie
Pittsburgh
Witkesbare
RHODE ISLAND
Cranston
Pawtucket

SOUTH CAROLINA

North Charleston
TENNESSEE
Clarksville
Knoxville
Memphis
Memphis

Qak Ridge
TEXAS
Amarillo
Dallas
Houston
Houston

San Antonio
UTAH

Provo
VIRGINIA
Alexandria
Alexandria
Charlottesville
Hampton
Richmond
Springfield

Virginia Beach
WASHINGTON
Bellevue
Longview

Pasco

Seattle

Seattle
Spokane

WEST VIRGINIA
Morgantown
Morgantown
Ripley

CANADA
Alberta
Ontario
Quebec

PANAMA
Panama City
Panama City

FRANCE
Paris

SINGAPORE

Futureworld
Byte Shop
Byte Shop of Raleigh

Mead Electronics
Digital Design

Heathkit Electronic Center

Altair Computer Center
Universal Amateur Radio

Sound Service
Bits, Bytes & Micros
High Technology

Altair Computer Center
Herrick Electronix
Milier Electronics
Computer Pathways

Kass Electronic Distributors

Warren Radio

Microcomputer Systems Inc.

Computer Workshop
of Pittsburgh
Stevens Electronics
Tydings Company
Hamline Electronics

Jabbour Electronics City
Jabbour Electronics City

Technical Services Inc.
Masstronics

Byte Shop
Biuff City Electronics

Sere-Rose & Spencer Electronics

Computer Denn

Computer Encounters Inc.
CompuShop

Altair Computer Center
Interactive Computers

Sherman Electronics Supply Inc.

Alpine Electronic Supply Co.

Computer Hardware Store
Computers Plus Inc.
Lafayette Electronics
Lafayette Radio
Computers-To-Go
Computer Workshop

of North Virginia
Heathkit Electronic Center

Altair Computer Center
Progress Electronics
Riverview Electronics
C-Com

Empire Electronics
Personal Computers

The Computer Corner
Electro Distributing Co.
Thompson’s Radio Shack

The Computer Shop
Home Computer Centre
Wang's Microcenter

Electrotecnia S.A.
Sonitel, S.A.

Computer Boutique
Inter-Trade (PTE) Ltd.

SEE YOUR LOCAL JE==2=% DEALER TODAY!

For Dealer Information, write or phone JIM-PAK®, 1021 Howard Ave., San Carlos, California 94070 (415) 592-8097

JULY 1978
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NEW VERSATILITY ADDED

Xcelite'
o6l IG6
Master Kits

_

Gl

all the electronic
service tools you need
99% of the time

Model 39SMW adds new dimensions to
the serviceahility of Xcelite's famous and
stll availahle 24-piece 99SM Service
Master Set

Housed handily in the same type of
roll-up, plastic-coated, canvas case, the
27-piece 99SMW adds a Welter WP25
professional, pencil-style soldering iron
with an extra, wider tip, and a No 100
wire stripper/cutter These plus the tra-
ditional 99SM toals that thousands of
servicemen and technicians have liked
so much so lang 20 Xcelite Series
99 guick-change, interchangeahle blade
teols - popular size nutdrivers, slotted
and Phillips type screwdrivers, exten
sion,reamer, reqular and stubby handles
diaganal and long nase pliers; thin
pattern,adjustahlewrench The handiest
handful of service tools you've ever laid
your hands on!

in stock at leading electronic
distributors . . . nationwide

TheCooperGroup
w7 ) Electronics Division

WELLER* - WISS* « XCELITE®
PO BOX 728. APEX NORTH CAROLINA 27502 919/362-7511

CIRCLE NO 10 ON FREE INFORMATION CARL
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filter. Controls include SCAN UP, SCAN
DOWN, MEMORY, and MUTING. The tuner's
specifications are: usable sensitivity of 9.8
dBf (1.7 uV) mono, 17.2 dBf (4 ..V) stereo;
capture ratio, 1.5 dB; alternate channel at-
tenuation, 80 dB; and a frequency re-
sponse of 30-16,000 Hz +0.5, - 2 dB.

CIRCLE NO 96 ON FREE INFORMATION CARD

TRS AM/SSB CB
Base Station

The TRS Challenger Model 1400 is its new
top-of-the-line 40-channe! AM/SSB base
station CB transceiver. It features LED nu-
meric channel display and a built-in digital

clock. AM and SSB sensitivity s reported
as 0.7 and 0.3 uV at 10 dB (S + N)/N, re-

spectively. Selectivity 1s rated at - 50 dB
for + 10 kHz (AM) and +2.5 kHz (SSB). PA
audio output is 4 W. Front-panel controls
and indicators include switchable anl and
noise blanker, high and low tone-cut con-
trols, panel-meter dimmer, r-f gain,
squelch, and fine-tune controls, plus S/r-f
and SWR meters. A front-panel head-
phone jack and dual speakers are also
provided. The ac-powered transceiver
measures 5.9"H x 15.8"W x 11.4"D (14.9x
40.0x28.9 cm). $549.95.

CIRCLE NO 97 ON FREE INFORMATION CARO

Jensen Spectrum
Series Loudspeakers

The Spectrum Series is a new line of home
stereo speakers from Jensen Scund Labo-
ratories, headed by the top-of-the-line 550.
The 550 features a 15" woofer with poly-
urethane foam suspension, two 33" direct-
radiating mid-range drivers, and a 1'2" My-
lar dome tweeter. Frequency response is
45-20,000 Hz +3 dB, and recommended

B
L
f:
i
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power input is 10-90 W continuous. The
Comptrac crossover network provides uni-
form energy transfer between drivers with
minimum phase shift. High- and mid-range
frequency leve! controls are hidden behind
the cocoa-colored, free-floating grille. Cab-
inetry is of hardwood. The 550 measures
31"H x 19.5"W x 15.5"D (78.7 x 49.5 x 39.4
cm). $299.95.

CIRCLE NO 98 ON FREE INFORMATION CARD

Amateur TV Converter

Science  Workshop's Model ATVC-10
amateur TV converter enables one to mon-
itor transmissions in the 420-450-MHz
band on TV channels 2 through 6. It con-
nects to the vhf terminals of a standard TV
receiver. The ac-powered converter fea-
tures Varactor-tuned circuits and adjust-
able r-f gain. Its walnut and beige alumi-
num cabinet measures 1.8" x 4.3" x 4.1"
(46 x 109 x 10.4 cm). $49.95 factory
wired: $39.95 semi-kit (critical circuits pre-
wired and aligned). Address: Science
Workshop, Box 393, Bethpage, NY 11714,

3M Instant-Record
Cassettes

3M's new instant-record cassettes (IRC)
eliminate the possibility of program materi-
al loss due to recording on cassette tape
leaders. The new tapes feature leaders of
low-noise recording tape, allowing record-
ing over the entire length of the tape. The
leaders are heavy-duty 1.5-mil tape, with
1-mil tape being used on the IRC-30 cas-
sette. This new tape format should prove
to be handy in all cassette tape applica-
tions. and especially valuable to hlind stu-
dents who tape notes. 3M IRC cassettes
are available in C30 ($1.50), C60 ($1.80),
and C90 ($2.50) versions.

CiRCLE NO 99 ON FREE INFDRMATION CARD

Shakespeare Digital
Depth Indicator

Shakespeare Marine Electronics' new
400-D digital depth indicator, packaged in
a water-tight case. offers interesting func-
tions. One is an audio alarm when a pre-
set depth has been reached. Another pro-
vides a sound warning if depth varies from
a user-determined range or "window," as
might happen when a ship slips anchor.
“Fail-safe” programming of the 400-D is
said to prevent false readings from being
displayed if positive bottom contact is fost.
The 400-D display consists of a 3'2-digit
LCD readout, back-lighted for night opera-
tion. $349.95.

CIRCLE NO 100 ON FREE INFORMATION CARD
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Radio Shack’s personal computer system?
This ad just might make you a heliever.

TRS-80 “Breakthru”

¢ TRS-80 microcomputer
e 12" video display

¢ Professional keyboard

= & Power supply

¢ Cassette tape recorder
“ e 4K RAM, Level-| BASIC
¢ 232-page manual

® 2 game cassettes

You can’t beat
the 4K system at

$599

...or the step-up
16K system at

$899

TRS-80 “Sweet 16"
“ e Above, except
includes 16K RAM

...or the fast
4K/printer system at

$1198

TRS-80 “Educator”
1% e Above, except

i includes 4K RAM and
screen printer

...or the Level-ll TRS-80 “Professional”

16K/pr|nter/d|8k . Ab?vg, e);%e};(p':qAM
system at i 'dnigkudﬁ?/e, expansi'on

interface, and
Level-Il BASIC

$2385

So how are you gonna heat the system that
does this much for this little? No way!

... The amazing _new o __ : TRS-80 “Business”
32 K/Level'"/z'd|8k/ : ; e Above, except

line printer system at S e
$3874

Sl and two disk drives
3

Get details and order now at Radio Shack stores and dealers in the USA, Canada, UK, Australia, Belgium, Holland, France, Japan.
Write Radio Shack, Division of Tandy Corporation, Dept. C-D53, 14C0 One Tandy Center, Fort Worth. Texas 76102. Ask for Catalog TRS-80.

Radio fhaek

Prices May Vary at Individual Stores and Dealers The biggESt mame in Iittle comprters
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New Literature

B&K FREQUENCY COUNTER GUIDE

A six-page brochure from B&K-Precision pro-
vides application information and complete

specifications on four B&K frequency coun-
ters. They include models that count up to
520 MHz, universal and autoranging coun-
ters, and portable instruments. A selection of
frequency counter accessories are also de-
scribed, including probes, power adaptors,
carrying cases and an RF signal tap. Ad-
dress: B&K Precision, Sales Dept., 6460 W.
Cortland Ave., Chicago, IL 60635.

EDMUND HOBBYIST CATALOG

Hundreds of new products are listed in Ed-
mund Scientific's 165-page spring catalog for
experimenters, do-it-yourselfers, hobbyists,
and students. Some of these products in-

KIT#FC-50C ... ...

MODEL #FC-50/600 WT.

AUTO BURGLAR
ALARM KIT

ANEASY TOASSEMBLE ANODEASY TO INSTALL
ALARM PROVIDING WMANY FEATURES NOT
NORMALLY FOUNO KEYLESS ALARM HAS
PROVISION FOR POS 8§ GROUNDING
SWITCHES OR SENSORS WILL PULSE HORN
AELAY AT 'HZ RATE OR DRiVE SIREN KIT
PROVIOES PROGRAMMABLE TIME DELAYS
FOR ExiT ENTRY & ALARM PERIOD uUNIT
MOUNTS UNDER DASH AEMOTE SwWITCH
CAN BE MOUNTED WHERE DESIRED CMOS
AELIABILITY RESISTS FALSE ALARMS &

PROVIDES FOR ULTRA DEPENDABLE ALARM "AL R‘1 WT
0O NOY BE FOOLED BY LOW PRICES' THISIS A
TOP QUALITY COMPLETE KIT WITH ALL PARTS
INCLUDING DETAILED DRAWINGS AND IN
STRUCTIONS OR AVAILABLE WIRED AND
TESTED

TESTED

SEE THE WORKS Clock Kit
Clear Plexiglas Stand

«6Big 47 digits
e120r24hr hyme
e«3set switChes
sPlugtransformer
eall parts included

33us 08

[IER YL I

Piexiglasis
Pre-cut & drilled

Kit #850-4CP
Size  6'H,4Y2"W 3D

VARIABLE REGULATED
1 AMP
POWER SUPPLY KIT

e VARIABLE FROM 4 to 14V

« SHORT CIRCUIT PROOF

e 723 IC REGULATOR

e 2N3055 PASS TRANSISTOR
o CURRENT LIMITING AT 1 Amt
KIT (S COMPLETE INCLUDING
DRILLED & SOLDER PLATED
FIBERGLASS PC BOARD AND
ALL PARTS (Less TRANS.
FORAMER) KITW¥PS-01 $8.95
TAANSFORMER 24V CT wili
provide 300MA at 12Vand

1 Amp at 5V, $3.50

N
'I veer st

FND-358

47 Char. Rt

95¢ ea, 10/$8.50

SETOF 6
WITH MULTIPLEX
PC BOARD $6.95

KIT #FC-50Ct5 COMPLETE wiTH PREDRILLED CHASSLS ALL HARDWARE AND STEP-BY-STEP INSTRUCTIONS
WIRED & TESTED UNITS ARE CALIBAATED AND GUARANTEED.

95
. 60 MHZ COUNTER WITH CABINET & P.S. s119 COMPLETE!
KITH#PSL-650. ... ....... 650 MHZ PRESCALER [NOT SHOWN| ... ... ..

MODEL#FC-50WT. . ... .. 60 MHZ COUNTER WIRED. TESTED & CAL. .
. 600 MHZ COUNTER WIRED, TESTED & CAL.

WIRED & $19.95

NEW LSI TECHNOLOGY

FREQUENCY COUNTER

TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART
COUNTER FEATURING THE MANY BENEFITS OF
CUSTOM LSI CIRCUITRY

FEATURES AND SPECIFICATIONS:
DISPLAY: 8 RED LED DIGITS .4" CHARACTER MEIGHT
GATE TIMES: 1 SECOND AND 1/10 SECOND
PRESCALER WILL FIT INSIDE COUNTER CABINET
RESOLUTION. t HZ AT 1 SECOND, 10 HZ AT 1/10 SECOND.
FREQUENCY RANGE: 10 HZ TO 60 MHZ. (65 MHZ TYPICAL].
SENSITIVETY. 10 MV RMS TO 50 MHZ, 20 uv RMS TO 80 MHZ TYP.
INPUT IMPEDANCE : 1 MEGOHM AND 20 P|

[DIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION.|
ACCURACY: * 1 PPM[* 0007% ] AFTER CALIBAATION TYPICAL
STABILITY  WiTHIN 1 PPM PER HOUR AFTER WAAM UP [ 001% XTAL}
IC PACKAGE COUNT" B [ALL SOCKETED]
INTERNAL POWER SUPPLY: $ V DC  REGULATED.
INPUT POWER REQUIRED: 8-12 VDC OR 115 VAC AT $0/80 HZ.
POWER CONSUMPTION: 4 WATTS

. 29.95

XTAL TIME BASH
Power Re3: 5-15v

Willenable
Digital Clock Kits

(25MA TYp,)
a:g'?:;'ce?;fgda' Easy 3 wire hookup
p Accuracy. * 2PPM

from 12V DC.
1"x2"PC Board

Complete Kit .4.5

#TB-1 (Adjustable)

Wir & Cal $9.95

PI.EXIGLAS CABINETS

Great tor Clocks orany LED
Oigital  project Clear-Red
Chassis serves as Bezelto
increase contrastof digital

AB'NET | displays
J3'H.6%""W.,5%"D Black, White or

Fairchild Super Digit

poputar FND-70.

FND-359

5821 N.E. 14TH AVE.

FORT LAUDERDALE, FLA. 33334
PHONE (305) 771-2050/ 771-2051
ORDERSTO USA & CANADA ADD 5% FOR SHIPPING,
HANDLING & INSURANCE. ALL OTHERS ADD 10%.
ADDITIONAL $1.00 CHARGE FOR ORDERS UNDER
$15.00 - COD FEE $1.00.

OPTOELECTRONICS INC.
X

CABINET Il Clear Cover
2%"H.5"W.4"D $6.50 ca
RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS
3°x67x1/8"

s Il AN
ﬂll'vlT‘:«'

MODEL 12 VOLT AC or
#2001 ©OC POWERED

« 6JUMBO 4" REDLED'S BEHIND RED FILTER LENS WITH CHROME RiM

« SET TIME FROM FRONT VIA HIDDEN SWITCHES « 12/24-Hr. TIME FORMAT
« STYLISH CHARCOAL GRAY CASE OF MOLOED HIGH TEMP. PLASTIC

+ BRIDGE POWER INPUT CIRCUITRY — TWO WIRE NO POLARITY HOOK-UP|

* OPTIONAL CONNECTION YO BLANK DISPLAY [Use When Key Off In Car, Etc |

«TOP QUALITY PC BOARDS & COMPONENTS - (NSTAUCTIONS.

. uouuvma BRACKET INCLUDED oD 3 .250

KIT #2 3,08,
counzvz K ‘2795 MORE .25 Al Po-mp.:n

—_—
ASSEMBLED UNITS WIRED & TESTED
ORDER 42001 WT ILESS 9. BATTERY) 3798 om ‘35“

s Wk

FLA. RES. ADD 4% TAX.
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clude the Astroscan 2001, the 6-in. {/6 and
the 8-in. {/5 telescopes; a Solar Water and
Beverage Heater; a manual on “How to Re-
duce Heating Costs Without Alternative Ener-
gy Sources;” and a Power Miser that makes
use of trapped air in a/c units which is usually
wasted. Other new products featured are: a
low-cost TV projection lens; UFO slide sets;
electronic computers ready to be built, elec-
tronic experiments for youngsters; and a dic-
tionary of scientific and technical terms. Ad-
dress: Edmund Scientific, Co., 7782 Edscorp
Bldg., Barrington, NJ 08007.

SYSTRON-DONNER PRODUCT CATALOG

Systron-Donner Corp. has issued a 20-page
catalog on its test instruments. Frequency
counters from 10 MHz to 24 GHz; universal
counter-timers; digital volt/multimeters for
portable, bench, and systems applications;
dc laboratory and systems power supplies;
pulse/function/data signal and sweep gener-
ators; time code readers/generators/dis-
plays; spectrum analyzers; microwave com-
ponents and a new instrumentation controller
for IEEE bus applications are included. Ad-
dress: Systron-Donner Corporation, 10 Sys-
tron Dr., Concord, CA 94518.

CONTINENTAL SPECIALTIES
CATALOG

Continental Specialties Corp. has released a
12-page catalog describing its line of elec-
tronic prototyping, development and testing
hardware. New products such as hand-held
logic probes, and a matching digital pulser—
part of CSC's test equipment family called
The Logical Force—the MAX-100 compact
frequency counter are introduced. Other
products included are test sockets, solder-
less breadboards, test instruments and
matching blank cases, and IC test clips. Ad-
dress: Continenta! Specialties Corp., 70 Ful-
ton Terrace, New Haven, CT 06509.

HEATH INSTRUMENT CATALOG

Heath/Schlumberger has announced availa-
bility of its latest Assembled Instruments Cat-
alog. It contains 32 pages of descriptions and
specifications for Heath oscilloscopes, labo-
ratory-grade Strip and X-Y recorders, power
supplies, signal and function generators,
counters, multimeters (analog or digital), and
a selection of accessories such as probes
and interconnecting cables. A listing of self-
instruction courses in ac and dc electronics,
semiconductor devices, digital techniques,
microprocessors and others is included. Ad-
dress: Heath/Schlumberger, Dept. 57-020,
Benton Harbor, M1 49022.

WIDL VIDEO CATALOG

“The Catalog of Video Supplies and Acces-
sories,” now available from WIDL, Video,
Chicago, contains over 500 items such as
video tape, audio cassettes, tape labels, mi-
crophones, video and audio cables. connec-
tors and adapters, printed video forms and
other video accessories. Address: WIDL
Video. 5325 N. Lincoln, Chicago, IL 60625.

POPULAR ELECTRONICS
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Hard to believe there's one
simple solution to the noise,
range and privacy problems
of conventional AM/CB. But
there is.

It's Midland Power
Single-Sideband CB.

TUNE OUT TROUBLE.
Instead of 40 overcrowded
channels, Midland SSB splits
each channel into three. And
you get more output power
than your ordinary AM/CB.

As for features, Midiand
makes SSB as simple or as
advanced as you please.
Take our Model 79-900,
shown below.

It's the top of the Mid-
land SSB line, with all the
important controls—our 2-
button “Touch and Run”
channel selector that runs
through all 40 channels and
stops where you want, SSB
clarifier and volume control
—on the mike, as well as
on the panel.

MOST ADVANCED.
Electronically, it's the most
advanced SSB in Midland'’s
17 years of electronics
experience. A
result of the
attention

‘@g&k

o

to the needs and warts
of serious CBers.

In the words of C. W.
McCall, America’'s Number 1
CBer: “Dc your ears a favor.
See your Midland CB dealer
now.”

And while you're there,
ask about the new Midland
Mobile Audio AM/FM car
stereo line, with Micro-
Precision™ Tuning.

Midland SSB

Midland pays Run Wiﬂ‘l Numbe.r.l.

MibLANDCE

A member of the Beneficial Corporation Family.
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Learnto service Communications/CB

with NRI's Compleie

16

Learn design, installation
and maintenance of
commercial, amateur or
CB communications
equipment.

There are more than 25
million CB sets out there, mil-
lions more two-way radios,
walkie-talkies, and other
communications apparatus
in use by business, industry,
government, police and fire
departments, and individuals.
That means a lot of service
and maintenance jobs ... and
NRI can train you at home
to fill one of these openings.
NRI's Complete Communica-
tions Course covers all types of
two-way radio equipment...
AM and FM transmission and
reception, television broadcast-
ing, microwave systems, radar
principles, marine electronics,
mobile communications, and
aircraft electronics. And NRI guaran-
tees you will pass the exam for the
commercial FCC Radiotelephone
License vou need to perform most
servicing work, or your tuition will
be refunded in full. This money-back

Some designed-for-learning equipment vou get.

agreement is good for six months
after completion of vour course.

Learn on your own 2-meter,
digitally synthesized
VHF transceiver.

You'll learn to service all types
of communications equipment as you
assemble vour own VHF transceiver.
NRI engineers have designed it, not
only as a commercial-quality, high-
performance unit, but as a unique
“power-on” training tool to give you
actual bench experience with the
principles needed to service CB, com-
mercial, and amateur equipment.

Then we help you
get your FCC Amateur License
SO you can go on the air.
The complete course includes
48 lessons, 9 special reference texts,
and 10 training kits. Included are
vour own electronics Discovery Lab}™

wwWwW americanradiohistorv com
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""“Hq;:%?h‘!:?
antenna applications lab, CMOS dlgl-
tal frequency counter, and an optical
transmission system. You'll learn at
home, at your own convenience,
earning vour FCC license and the
preparation vou need for the com-
munications field of vour choice.
Mail the postage-paid card today.
T™Trademark McGraw Hill

CB specialist course

also offered.

If vou prefer, vou can concen-
trate on the booming field of CB radio
with NRI's special course in CB servic-
ing. You get 37 lessons, 8 reference
texts and plenty of hands-on training
with vour own 40-channel CB, AC
power supply, and multi-meter. Also
included are 14 coaching units to
make it easy to get your commercial
Radiotelephone FCC License...required
for vou to test and service communi-
cations equipment.

POPULAR ELECTRONICS
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equipment at home...

Communications Course.

Orgetinto
TV and audio servicing

NRI can train you at home to
service TV equipment and audio sys-
tems. Choose from five courses that
g0 up to our 48-lesson Master Color
TV/Audio Course. With it you get
14 kits for practical bench training
and demonstrations, including NRI's
exclusive, designed-for-learning,

25” diagonal solid state color TV,
4-channel audio system complete
with speakers, and professional in-
struments you build and use for learn-
ing and earning. It's proven, effective
training that's helped thousands of
pros already. And it’s the best value
offered in the field. NRI's bite-size
lessons speed learning, exclusive

Learn computer electronics

NRI trains you at home

on a real digital computer.
Qualified technicians are

urgently needed

for careers in

the rapidly
growing field
of computer

and digital elec-
tronics...and NRI
trains you at home
on the real thing.

JULY 1978

“Power-On” training makes it real.
Send card for free catalog.

As part of your training, you actually
assemble a working digital computer
with expanded memory, define and
flow chart programs, code your pro-
gram, store it along with data in the
memory bank. It's just one of the 10
hands-on training kits you receive.
You also build and use your own
TVOM; experiment with NRI's exclu-
sive electronics lab. It's the quickest
and best way to learn and start a new
career in trouble-shooting digital
computers. Send the card today.

wwWwW americanradiohistorv com

NRI instructor/engineers
Each NRI student is assigned

his own course instructor. He's there
to help you over any rough spots, ex-
plain problems, and give you the ad-
vice you need as you progress towad
your future. And he knows what he’s
talking about, because he was more
than likely involved in the design
of your course or some of the NRI
equipment you use. NRI instructors
are practical, experienced people who
really know their field and do their
best to pass their knowledge on to you.

You get more
for your money from NRI.

NRI employs no salesman, pays
no commissions. We pass the savings
on to you in reduced tuition, top-
quality professional equipment, ani
reliable testing instruments necessary
for a successful career. You can pay
hundreds of dollars more at other
schools, but you can't get better
training.

Free catalog...

No salesman will call.

Get your free catalog and dis-
cover why NRI is the leader in home
technical training with over a million
students, over 60 years experience in
helping people build new careers.
Mail the card today and get started
on your new future. If card has been
removed, write to:

=A /X
il

NRI SCHOOLS
McGraw Hill Center
for Continuing Education

3939 Wisconsin Avenue
Washington, D.C. 20016
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Fig. 2. JVC calls
its switching
supply D.P.S.
or Digital
Power Supply.

a record/playback head with a 0.9 mi-
cron gap. Now that should—and in fact
does—make a lovely playback-only
head for a three-head cassette deck, but
the common understanding has been
that you just can’t use such a narrow
gap for recording; flux saturation in the
magnetic gap kills you almost immedi-
ately, driving distortion way up.

Well, perhaps not. According to Naka-
michi, analysis of the flux pattern propa-
gated by such a head (it it is properly de-
signed) shows that the pattern—and
particularly the so-called *“critical zone”
where recording actually takes place—
can in fact remain well-defined and con-
trolled, if a little distorted from its familiar
shape. Experts in tape-recording theory
contacted immediately after the Nakami-
chi announcement allowed that the
whole idea was plausible, although they
could not of course vouch for this partic-
ular execution of it sight unseen.

| won't exhaustively detail the specifi-
cations of the new Nakamichi machine
here, except to note that its usable fre-
quency response is claimed to extend
comfortably beyond 20,000 Hz, and that
performance appears to be as much
tape as machine limited. The “distortion
compensating” circuits of the previous
Model 600 have disappeared from the
present machine, but there are phase-
correcting circuits.

Dialing Vertical Angle. Of late I've
had very little time to spend on the pho-
no vertical-tracking-angle issue, with
which this column has dealit on several

A”(i FILTER RECTIFIER I

SWITCHING PUL3E I I CHOKE e
FILTER §l | ELEMENT TRANEFORMER RECTIFIER con — FILTER ouT
CLOCK PULSE WIDTH ERROR
QECILLATOR =] MODULATOR AMPLIFIER
+
=REERCS
— \OL
I

sition is that vertical tracking angle,
which can be altered by raising or lower-
ing the tonearm or shimming the phono
cartridge in the headshell, is critical to
within a degree or even less for proper
record-player performance. It should
also logically require at least occasional
alteration for different records.) Fortu-
nately, reports continue to come in from
the field; reports that are positive, nega-
tive, and just plain frustrated.

it is extremely difficult to give ade-
quate instructions on zeroing-in on
approximately correct vertical tracking
angle (VTA) to someone who lives at a
distance. The situation is only made
worse by certain cartridge/tonearm/
turntable combinations that assume
somewhat improbable-looking geome-
tries as they approach the optimum set-
ting (although a careful analysis of the
various angles involved usually reveals
that they are not so improbable at all).
But there may be a little help in the offing
for those inclined to pursue the matter.

The story is this: many have found
playing a left-minus-right signal from a
stereo record to be extremely helpful in
establishing at least a ballpark setting
for VTA. The idea makes perfect sense,
and I'm abashed that | didn't think of it
myself. In listening to the L-R, all you do
is try to minimize familiar old distortion
and mistracking effects, which will no
doubt be plentifully evident on vocal sibi-
lants and other demanding high-fre-
quency signals. It is recommended that
several records be used, since in many
cases the vocalist you're trying to focus

the L-R mode. (In fact, if on such records
he/she does completely disappear,
that's a good sign.) What you really want
is a record in which a centered vocalist
acquires a distinct distant and reverber-
ant quality. Once you've established an
initial “optimum” setting for this one rec-
ord, you can rest assured that optimum
settings for others won't be far off.

Getting an L-R signal can be as sim-
ple or complex as you'd care to make it.
The simplest way is to reverse the leads
on one channel of the phono cartridge
and then switch the amplifier to mono.
Some fiddiing with the balance control is
then advisable (the outputs of a phono
cartridge’s two channels are rarely
matched perfectly) to get as complete a
drop-out of the central performers in the
stereo panorama as possible. An alter-
nate route to an L-R signal is, of course,
the use of a phase inverter somewhere
after the phono preamp to add the two
channels in anti-phase. Whatever takes
your fancy.

It's also been suggested that you use
a mono recording in pristine condition—
it you can find one—for the L-R test. In
this case you should hear nothing but
distortion, and the less distortion the bet-
ter in terms of VTA adjustment.

Again, I'd like to emphasize that I'm
not convinced this adjustment can be
carried out successfully on every record
player. it seems logical that a certain
amount of rock-solid stability must be
there to begin with before such subtle-
ties can be heard. But I'd be glad to be
proved wrong and look forward to further

past occasions. (If you recall, the propo-  on will almost completely disappear in reports from the field. o
BE/DE CONVERTER
| mrynea e e |
1 g . |
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cfust | 'R crimany Yot I 2o i SECONDARY diagram of Sony
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~ That’s the full frequenzy

Yesterday you could admire
LED digital tuning in short wave.

Today you can afford it.

-

%W..
@ Y - -
. SRESENC s

Introducing Panasonic's Command Serieé"top-of- circuitry, Fanasonic’s RF-4800 giv2s you all thase
the-linz RF-4800. Everything you want in short wave. _ soghisticated controls. Lke ar all-gear-drive tuning
Except the price. Like afive-digit LED frequency control to orevent “‘backlasn’’ Separate wide/narrow
display. II's so accLrat2 {within 1 kl-2, to be exact), bandwidth selectors for cptimum -eception even in

crowd=d ccnditions. Adjustable
calibretion for easy tuning to
exact frequsncies. A BFC pitch

- confral. FF-gain control for
increasec sekectivity in busy

* signalareas. An ANL swilch. Svena
- separete dass &nd treble contrcls.
 Andif &l that short wave isn't
enough. Thene's more. Like SSB

- (single sideband) amateur radio.
Ali 40 €Bchannels. Ship (o sho=

~ Even Morsecomanlcatnns AC/DC operaticn. And

- with Panasonic’s 4'*full-range speaker the blg sounc -
t*/_\fv;" q FM WLL re@!ly sot.ndp ig.

you can tune in astazion,
even kefore it's brecadeasting.
And wth the RF-4800% ¢ ght - =
short wavz bands, ycu cen T
choosz any broadcas® ¥
between 1.6 and 31 MHz. :

range.That's Panasomic, -
And what you see oath2
outsidz & just a smal- :)ari: of
what Pamasonic givesyou - =
inside. Taere’s a dcuble superhetenodyne system

for enhaﬁced reoept;an slablhty a1igelect:v;ty e

2 G .
shgrt wg/ebroa&:a:ls will vary | drlenna s-ze time 31 &y
3 hvc location end other *actors. “ou mey n3ed an opﬂonal sutside
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Julian Hirsch
Audio Report

HIRSCH/HOUCK LABORATORIES

Interaction

[between cartridge

24

and preamplifier]
can modify
response by
several decibels.

CARTRIDGE LOADING AND
PREAMPLIFIER INTERACTION

OR MANY YEARS, it was assumed

that a magnetic cartridge (of the
moving-magnet or moving-iron type)
would perform correctly if it were sim-
ply terminated by a 47,000-ohm re-
sistance. (The adoption of this load val-
ue was one of the earliest instances of
standardization in the hi-fi industry.)
More recently, we have become aware
that matters are not quite so simple. For
instance, the input resistance is shunt-
ed to ground by a capacitance. Part of
this is in the tonearm wiring that con-
nects the record player to the pream-
plifier and part in the preamplifier cir-
cuit itself.

The reactance of the shunting capaci-
tance decreases with increasing fre-
quency, reducing the total load imped-
ance presented to the cartridge. It
might seem that this would reduce the
cartridge’s high-frequency output, but
this is true only when the frequency is
very high. At lower frequencies, the
added shunt capacitance actually
boosts the cartridge’s output, and most
cartridges are designed to be terminat-
ed in a specific capacitance as well as
resistance for flattest overall frequency
response.

To see why this is so, one must real-
ize that the cartridge has a high-fre-
quency mechanical resonance between
its effective moving stylus mass (re-
ferred to the tip) and the compliance of
the vinyl record material. This may oc-
cur at a frequency as low as 10,000 Hz
in lower-priced cartridges, whose styli
are more massive, and as high as 30,000
Hz or more in CD-4 cartridges. Most of-
ten, it falls in the 15,000-t0-25,000-Hz
range. The resonance takes the form of
a peak in the cartridge’s output, which
may be more or less damped by me-
chanical means in the structure of the
stylus systemn.

There is also an electrical resonance,
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between the inductance of the cartridge
coil and the total shunting capacitance
of the load circuit. Here, the damping is
supplied by the 47,000-ohm load re-
sistance and, to some extent, by the
winding resistance of the cartridge.
This resonance produces a response
peak whose frequency is determined by
the L and C values and whose ampli-
tude is controlled by the “Q” of the sys-
tem established by the circuit re-
sistance. However the mechanical reso-
nance and its frequency response char-
acteristics are not affected by any elec-
trical circuits within the cartridge or
external to it.

By proper proportioning of the elec-
trical and mechanical resonances of the
cartridge, the combined response can
be made very flat throughout the audio-
frequency range. By placing the electri-
cal resonance somewhat above the me-
chanical resonance and if both have the
correct ““QQ” values, the mechanical-
resonance peak will be attenuated and
the rise in frequency will improve the
overall flatness.

This is why a cartridge manufacturer
will usually specify a range of load ca-
pacitance values (such as 250 to 300 pF
or 400 to 500 pF) into which his car-
tridge will deliver its rated frequency
response. These values take into ac-
count the normal wiring capacitance of
the record player’s tonearm and its con-
necting cables (typically 100 to 500 pF
in modern units) and assume about 150
pF of input capacitance in the pream-
plifier. The actual preamplifier capaci-
tance, however, may vary widely, from
nearly zero to many hundreds of pico-
farads. Sometimes, as in the Hafler
Model DH-101 reviewed this month,
the naturally low-input capacitance of
the amplifier has been padded to 250
pF. making the load broadly optimum
for a wide variety of cartridges.

POPULAR ELECTRONICS
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The effect of too little capaci-
tance is to produce a peak in the
cartridge response, often at a fre-
quency of 12,000 to 15,000 Hz. Too
much capacitance will often boost
the high frequency output of the
cartridge [in the 10,000-to-
15,000-Hz range] but will attenu-
ate it faster at higher frequencies.
A greatly excessive capacitance
will roll off the output pro-
nouncedly above 10,000 Hz or so.

There is a second factor to con-
sider that is entirely unrelated to
the cartridge load but which also

influences the overall frequency
response. In some phono pream-
plifier stages, the feedback net-
work that provides the RIAA play-
back equalization is not well iso-
lated from the cartridge input.
When the stage is driven from the
resistive source impedance of a
signal generator, the frequency re-
sponse may appear to be an accu-
rate RIAA curve. However, the
presence of the inductance of the
phono cartridge across the input
terminals may modify the amplifi-
er feedback sufficiently to alter its

response at very high frequencies.
In a good amplifier this effect is
moderate, usually less than =1 dB
of variation up to 20,000 Hz. (This
may be a boost or a cut or a com-
bination of the two.} In a few cases,
fortunately becoming rarer these
days, the interaction can modify
the response by several decibels,
which is plainly audible and obvi-
ously undesirable. In the finest
preamplifier designs, there is abso-
lutely no interaction between the
cartridge and the preamplifier
equalization.

Audio Test Reports

HIRSCH/HOUCK LABORATORIES

HAFLER MODEL DH-101 STEREO PREAMPLIFIER

““Plain Jane’’ preamp produces exceptionally fine performance.

The Hafler Model
DH-101 stereo
preamplifier is al-
most starkly sim-

- ‘ ple, but its perfor-
mance is literally "state of the arnt.” Its
distortion is virtually unmeasurable, and
every effort appears to have been made
to eliminate the various flaws, both ma-
jor and minor, that plague many pream-
plifier designs.

The preamplifier is available in both
factory-wired and kit forms. The kit as-
sembly process is principally one of me-
chanical assembly and the soldering of
wires from the circuit boards to the
switches and controls. The circuit board
assemblies themselves come complete-
ly wired and tested. The Model DH-101
measures 13%"W x 8%'D x 3%'H
(34.9 x 21.6 x 8.3 cm) and weighs 8 Ib
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(3.6 kg). Suggested selling price about
$300 factory-wired, $200 kit.

General Description. The front-
panei controls of the preamplifier consist
of three knobs and 10 pushbutton
switches. The faces of the rectangular
pushbutton switches appear in black
when the switches are not engaged (out
positions). Pressing in any of these
switches causes the face color to
change to white (yellow in the case of
the TAPE monitor buttons), clearly in-
dicating the status of the controls with-
out requiring LED indicators or extra
electrical switching.

In addition to the various signal input
and output jacks, the rear apron con-
tains two pairs of phono jacks labeled
EXT PATCH, which are normally connect-
ed together by heavy jumpers. They are
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in the signal path, after the input selector
but ahead of any of the preamplifier's
active circuitry, except for the phono
preamplifier stages. They make it possi-
ble to connect an equalizer or other sig-
nal processor into the system without
sacrificing any of the tape-reccorder ver-
satility of the preamplifier.

All the amplifier circuits are on a single
circuit board, onto which the lugs of the
control potentiometers are s5oldered.
When they are instalied on the front pan-
el, the potentiometers are the sole
mounting support for the circuit board,
but they appear to be perfectly adequate
for that purpose. A smaller board con-
tains the power supply circuits (with IC
regulators for the = 18-volt supplies)and
another board carries the pushbutton
switches. There is a large empty space
in the preamplifier that can accommo-
date a moving-coil phono cartridge
preamplifier (to be made available at a
later date) that will connect to one of the
phono inputs.

The performance specificatians of the
Model DH-101 can be summed up quite
simply, although they are extensive. All
noise levels are inaudible and, with “A”
weighting, are very difficult to measure.
All frequency-response characteristics
are within 0.5 dB of flat or the specified
equalization response. All distortions
are less than the residual levels of any
standard laboratory instruments, up to
the rated output of 3 volts. There is no
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PERFORMANCE SPECIFICATIONS

Specification

Rated output

Maximum output

- 1

Rating

- i
3volts, 10-100,000Hz | As rated

| 7 volts, 20-20,000 Hz

Measured

{ 12 volts at 1000 Hz

|

THD | Less than 0.001% | Less than 0.0025%
l at rated output | (instrument residual)
IM distortion ‘\ Below instrument residual | Less than 0.002%
1 (instrument residual)
- = — — — — ——
|
Rise time ' 2us | 3us
I
_ i R _ _
Slew rate [12V/us ‘\1 7 to 12 V/us, depend-
[ E ing on measurement method.
— — b S
Frequency response { 20-20,000 Hz, | 20-20,000 Hz,
[ +0/-0.25dB | +0/0.5dB

Hum & noise
| (high level)

l —90 dBV (“A” weighted) i Less than —80 dBV

Phono Frequency
response

! (measurement limit)

| ~86 dBV (“A” weighted; |- 68 dBV (unweighted)
\ phono)
| Within =0.5 dB of RIAA, | As rated
| 40-15,000 Hz.
180 mV

Phono overload (1000 Hz) | 180 mV

Phono cartridge inter-
action at 20,000 Hz

Phono gain (1000 Hz) 34 dB

—_— -t
High level gain (1000 Hz) |20dB ~ 1dB
Bass tone control range ' +12dB

(50 Hz)

—— —

Treble tone controlrange | +10dB
(20,000 Hz) I

detectable interaction between the pho-
no preamplifier response and the induc-
tance of a phone cartridge.

User Comment. The basic appear-
ance of the Model DH-101 is so plain
and devoid of gadgetry and styling fea-
tures that it is difficult to credit it with be-
ing quite possibly the most highly refined
preamplifier one can buy (in terms of
sheer performance). Our measurements
convinced us of the accuracy of the
claims for this preamplifier, and we
looked to our use tests to either confirm
or amend the conclusions of our mea-
surements.

Connecting the preamp to a hi-fi sys-
tem revealed what is probably its only
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1
| Unmeasurable

| Unmeasurable

' +14.5, -16 dB

|+11.5,-17dB

weak point. The phono connectors on
the rear apron, at least on our early sam-
ple, seemed to be slightly oversize in
their outer diameter, requiring consider-
able force to insert some of the mating
plugs. This would not have been so bad,
but the rear apron itself is a thin, flexible
metal surface, liberally covered with
holes and cutouts. It bent inward, some-
times to an alarming degree, when the
necessary pressure was applied to the
phono plugs as they were inserted. This
did not resuitin any permanent deforma-
tion of the metalwork, but it did detract
from the overall image of quality which is
conveyed by every other aspect of the
performance and operation of the
preampitself. (Continued on page 30)
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The Hafler Model DH-101 is the first
preamplifier we've tested whose phono
equalization has been designed to con-
form to the IEC characteristic, expected
to be adopted by the RIAA at some future
time. The major effect of the change is to
incorporate a very effective infrasonic
(rumble) filter in the phono equalization.
Instead of the preamplifier gain continu-
ing at a nearly constant value to some in-
determinate frequency below 50 Hz (as
in the present RIAA characteristic), the
response is rolled off at low frequencies.
The difference between the two curves is
3 dB at 20 Hz (and only 0.6 dB at 50 Hz).
Hence, audible differences can be ex-
pected to be negligible. However, the
IEC response curve is down by about 18
dB at 2 Hz, compared to the extended
RIAA curve. Hafler has tailored the
equalization of the Model DH-101to be a

(Continued from page 26)

There were no switching transients
when any of the pushbuttons were oper-
ated. Although there is no obvious
source of a time delay in the power sup-
ply circuits, there was no sign of a
“thump” when the preamplifier was
switched on, even when connected to
an already energized power amplifier.
The controls operated smoothly and
with a quality “feel.”” We were unable to
measure the preamplifier's noise level,
which was below the minimum range of
our test instruments. However, even
with the volume set near maximum,
which produced ear-splitting levels from
records, lifting the pickup left a deafen-
ing silence, the hiss being barely audible

Product Focus

compromise between the two, falling
within 0.3 dB of the existing RIAA curve
down to 30 Hz, yet matching the IEC
curve within 1 to 2 dB throughout. A sec-
ond difference in the IEC curve is merely
one of definition, its high-frequency roll-
off, at 6 dB/octave, is extended to 20,000
Hz instead of stopping at 15,000 Hz as
before.

Both the phono preamplifier and the
tone control (output) sections of the Mod-
el DH-101 employ differential amplifiers
with complementary-symmetry output
stages. All the preamplifier circuits use
discrete components, the only IC’s being
the power supply regulators. The phono
preamplifier has a very high output voit-
age capability (actually equal to that of
the main tone control amplifier). its very
low output impedance enables it to drive
an adequate signal into the low imped-

with one’s ear against the speaker.
Through the high-level inputs, there was
absolutely no audible hiss or hum, at
any setting of the volume control.

The preamp was designed to termi-
nate most phono cartridges correctly
and to be free of interaction with them.
To this end, each phono input has a
220-pF capacitor wired across it to
ground. With the normal amplifier input
capacitance of about 30 pF and typical
phono-cable and tonearm wiring capaci-
tance of about 150 pF, this loads the
cartridge with about 400 pF (in parallel
with 47,000 ohms). This is an optimum
condition for many cartridges, including
those from Ortofon and many Shure
models, among others. If the cartridge is

CIARCLE NO 1017 ON FREE INFORMATION CARD

ance of the equalizing network in the
feedback loop. even at very high fre-
quencies, without distortion.

In the main amplifier section, the tone
controls are located at the output of the
amplifier and supply a feedback signal to
the side of the differential input that is not
driven by the program signal. In their
configuration, the active circuits of the
Model DH-101 resemble a typical power
amplifier output stage (except for their
power ratings). Hafler credits this circuit
design for much of the exceptional per-
formance of the preamplifier, inciuding its
extremely low distortion, excellent pulse
handling and transient characteristics,
and (especially in the case of the phono
input) a constant input impedance at all
frequencies of interest, regardiess of the
reactive nature of the phono cartridge or
other source connected to the input.

meant to be terminated in a lower capa-
citance, such as 250 pF, or the connect-
ing cables have a higher than usual ca-
pacitance, the manufacturer suggests
that the 200-pF capacitors be removed
or replaced with other capacitors of a
lower value. This is not critical in most
cases, but anyone who is convinced that
he can hear the difference may wish to
trim the amplifier input capacitance to an
optimum value for his cartridge.

Although we tested a factory-wired
Model DH-101, we have been informed
by those who have built the kit that it is
very simple, and that even a neophyte
should be capable of assembling a prop-
erly performing preamplifier in a few
hours or so.

TECHNICS MODEL SL-1500MK2 DIRECT-DRIVE TURNTABLE
Quartz-control speed system also operates at each pitch control stop.

30
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SYSTEM
The Technics
Model SL-1500-
MK2 is a com-

plete direct-drive
system for playing
records. It consists of a turntable that is
directly driven at either 33 1/3 or 45 rpm
by a dc motor whose speed (including
pitch adjustment) is precisely controlled
by a quartz oscillator; a precision tone-
arm with damped cueing, automatic
muting and automatic return; and an
acoustically isolated base. A see-
through plastic dust cover is hinged to
the rear of the base.

The player measures approximately
17 11/16" W x 151/8"D x 511/16" H

POPULAR ELECTRONICS
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PERFORMANCE SPECIFICATIONS

Specification

Wow and Flutter

Rumble —50 dB (DIN 45539A)
—73 dB (DIN 45539B)
Build-up 90° or V4 rotation

characteristic at33-1/3 rpm
Tracking error

angle of 12" disc);

Rating

0.025% wrms (JIS)

+3° (outer groove

Measured

0.05% rms (IRE)

34 dB unweighted (NAB)
—58 dB (ARLL weighted)

Less than 1 second to
full speed or stop

As specified (less than
0.4°/in. throughout)

+1° (inner groove)

Effective tonearm

mass cartridge at
1.25-g stylus
pressure

Tonearm/cable Not specified.

capacitance

Antiskating Not specified.

calibration

Arm cueing Not specified.

Base isolation Not specified.

(14.5 x 45.3 x 38.4 cm) and weighs 26
Ib (11.8 kg). The manufacturer's sug-
gested price, less cartridge, is $369.95.

Technical Description. As exempli-
fied in the Model SL-1500MK2, the di-
rect-drive turntable motors used by
Technics are dc motors with “heteropo-
lar” construction. According to Technics,
dc motors are more efficient than are ac
motors in turntable applications, requir-
ing less power and generating less heat.
The heteropolar motor used in the com-
pany's latest series of quartz-controlled
turntables has a 12-pole stator, around
which revolves a 16-pole permanent-
magnet rotor that is a part of the platter
itself. This 3:4 pole ratio is claimed to be
optimum for a high-torque, high-efficien-
cy direct-drive motor.

Mounted concentrically with the di-
rect-drive rotor and stator is a frequency
generator (tachometer) that supplies a
feedback signal to the control circuits
that drive the motor. The generator con-
sists of two 91-tooth gears that are
smaller than the motor itself. One gear is
on the platter and the cther is fixed and
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22 g with 6.5-g

19 g net, less cartridge
but with shell; measured
with 6-g cartridge at

I-g force

100 pF to ground; 6.5 pF
between channels

Requires approximately |-g
greater setting than
tracking force

Very slow; no drift

Much better than average for
direct-drive turntables;
exceptionally resistant

to jarring.

has a magnetic coil structure built into it.
The gear teeth do not touch. As the
teeth move past each other, a voltage is
induced in the coils of the fixed gear.
This supplies 91 pulses per revolution of
the platter to the control system.

Current is supplied to the windings of
the mctor with precise timing from a bidi-
rectional drive circuit. The drive circuitis
effectively a three-phase, full-wave sys-
tem that produces smaller torque pulsa-
tions and, consequently, less wow and
flutter than the half-wave systems used
to drive some other turntable motors.
The timing of the signals sent to the sta-
tor windings is controlled by three sets of
fixed-position sensing windings and a
separate position detector rotor that
turns with the motor. These elements
perform the commutation function that is
necessary for the operation of a dc mo-
tor. Since all commutation is accom-
plished by means of magnetic induction,
there are no brushes to wear out or be-
come noisy.

The speed of the turntable is locked to
the frequency of a crystal-controlled os-
cillator and is maintained to an accuracy

www americanradiohistorv com

of =0.002%. Similar accuracy has been
achieved in a number of other quartz-
locked turntables in recent months, but
only at the 33 1/3- and 45-rpm nominal
operating speeds. For vernier speed
control, the quartz locks of these turnta-
bles are disabled and their speed refer-
ences are then adjustable dc voltages,
as they are in conventional direct-drive
turntables.

In the Technics turntable, however,
the full accuracy and stability of a
quartz-lock system are maintained,
while the speeds can be adjusted over a
+9.9% range in discrete 0.1% steps. The
exact deviation is decimally displayed by
a digitally driven numeric readout, as are
the basic 33 1/3- and 45-rpm operating
speeds. The synthesized quartz fre-
quency generator that makes this dis-
play possible would not have been prac-
tical before the development of large-
scale integrated (LS}) circuits.

At the heart of the system is the syn-
thesizer/counter chip. In it, the frequen-
cy of an external voltage-controlied os-
cillator (vco) is divided by 1000 and
compared with the frequency of a crystal
oscillator, which is also divided by 1000.
The filtered output of the phase com-
parator is fed back to the vco, locking
the latter in frequency and phase to the
crystal reference signal. The divided fre-
quency from the vco is also counted by
circuits within the IC and converted into
digital display drive signals. A scanning
counter, controlled by + and — pushbut-
tons on the control panel of the turnta-
ble, can be used to change the frequen-
cy division ratio of the vco from 901 to
1099 in integral steps. This changes the
frequency in 0.1% steps from —9.9% to
+9.9%, while maintaining phase lock
with the crystal reference.

A starting signal is applied to the turn-
table’s coils when the system is first
turned on. As the turntable speeds up,
the frequency fed back from the fre-
quency generator's gears is converted
to a dc voltage in a frequency-to-voltage
(F/V) converter whose output drives the
motor's torque-control circuit. Simul-
taneously, the frequency feedback sig-
nal is compared with the vco signal,
which is already locked to the divided
crystal-oscillator frequency, in a phase
comparator whose output is summed
with the F/V converter's output. When
the correct speed is attained, control is
automatically transferred to the output of
the phase comparator. The strobe mark-
ings under the turntable platter are il-
luminated by LED’s and can be seen
from above by a mirror system. The
fContinued on page 34) 31
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© 1978 The Shakespeare Co.

Black Knight ™
Antenna Style
#4156-1

Base loaded
with graphite tip.
Trunk mounted.

White Knight ™
Antenna Style
#4125-1

Base ioaded

with fiberglass tip.
Trunk mounted.

Siiver Knight ™
Antenna Style
#4156-1S
Base loaded
with steel tip.

Trunk mounted.

SHAKESPEARE HAS

Talk power. Some CBers have it. Some
don't.

If you don’t have talk power, the odds
are twenty to one the fault’s in the
antenna. You're not getting out. You're not
coming through.

'Tis far better
to transmit
than fo receive

Frankly, you can receive a signal
with aimost any antenna. A wire coat
hanger might do.

A But the name of the game in CB
; % antennas is transmission (unless you
f like talking to yourself).
Talk power is what separates
Y
£

§

Knights of the Road from
the weaklings. Your nearby
Shakespeare antenna

dealer will show you how
Shakespeare has everyone
talking...loud and clear!

Now vou're
talking!

@ A protective sheath of
hign grade resin fiberglass
totally encompassing the metal
radiator. @ Silver plated
copper radiator lowers resist-
ance and increases efficiency.

Solid brass insert, hand
soldered at the coil termination
(not just crimped) to permanently
seal out moisture.

Strength and elegance in
this polycarbonate housing offer
immediate protection and years
of agsthetic beauty.

Helical wound tin
plated copper coil on a tapered
low-loss polycarbonate dielectric
core @ Molten dipped silver
mica matching capacitor (not the
typical varnished pasteboard).

Solid brass threaded
fitting for positive coupling to
antenna mount.

POPULAR ELECTRONICS
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EVERYONE TALKING!

METAL ANTENNA SHAKE SPEARE
(TYPICAL) FIBERGLASS ANTENNA
The principle of “skin effect™ A transmitted
signal, in the form of energy, travels on the
surface of the metal radiator of an antenna. This
occurs regardiess of the length, density, or
thickness of the metal radiator. Picture an antenna
surface after it has been bombarded by millions of tiny
particles as It travels through our air day after day. Dust,
dirt, pollutants, salt, chemicals.. alf of them impinging on
the surface to create obstacles that offer resistance to
your transmitted signal.

The principle of “'skin effect”. Within six months
exposure, surface resistance on an exposed antenna can
10b you of up to 20% of your power

DETERIORATION, SEVERE ENVIRONMENT

100
95
90
85

PERCENT OF EFFICIENCY

NEW 1 2 3
YEARS

A speck of dust?

It's hell in your eye...
euen worse on your
antennal

Like we said, it's the surface of a
metal antenna that radiates the signal. Or
is meant to.

Metal corrodes. Fiberglass does not
corrode. And the fiberglass surface is far
less susceptible to pollution and
contaminants in the environment.

With a Shakespeare fiberglass
antenna, surface deterioration does not
mar performance because the surface is
not the radiator. Instead, the radiator is
sealed inside the fiberglass sheath, which
is transparent to electronic radiation and
lets the signal through without
interference or distortion.

JULY 1978

Thousands of glass filaments, running parallel the entire
length of the antenna, are molded and cured under
extreme heat and pressure to provide a structure
amazingly strong, durable, and corrosion resistant.

Fibergiass...
the way we do it.

Shakespeare has created “The Big
Three” in antenna design: The Black
Knight. The White Knight. The Silver

Knight. Each of these great base foaded
antennas is engineered to be the best of
its kind. Each is pre-tuned at the factory.

The Black Knight™ antenna is
Shakespeare’'s triumph in a new space
age material, graphite. Providing unheard
of strength and rigidity to keep your Black
Knight antenna erect at highway speeds.

The White Knight ™ antenna is
Shakespeare’s fiberglass beauty. The
meta! radiator that transmits the signal is
sheathed in enduring fiberglass;
safequarded for life against moisture, salt,
dirt, dust, pollution, and corrosion.

The Silver Knight ™ antenna is
Shakespeare's metal antenna, just to
prove we're able to take on our
competition at its own game. If it's a
metal antenna you want, we've got the
best metal anntenna you can buy.

RELAX...the worid’s largest Fiberglass
antenna plant iSl made your next antenna.

200,000 square feet devoted entirely to CB and marine antennas and related fiberglass products, complete with
advanced testing facilities and laboratories tor research and development.

g .l |
A

ELECTRONICS AND FIBERGLASS DIVISION
Antenna Group/P.0. Box 246, Columbia, S.C. 29202

The Shakespeare Company/Manufacturers of Fishing Tackle, Communication Equipment, Industrial Fiberglass,
Wonderthread and Specialized Monofilaments, Golf Equipment, Automotive Products, Saddlery and Equestrian

Accessories, and Marine Taxidermy,
CIRCLE NO 43 ON FREE INFORMATION CARD
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Motor
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_]I Block diagram shows
T * o how motor rotational
ase speed is “locked” to
———————
comparator a reference frequency
originating in

#1Quartz oscillator

a quartz oscillator.

(Continued from page 31)

markings remain stationary, no matter
what speed the platter is set for, as tong
as the phase-lock system is in control.

The motor drive is inherently bidirec-
tional, allowing the speed of the platter
to stabilize rapidly after it has been
changed in either direction. A useful by-
product of this system is the rapid brak-
ing that accompanies the shutdown of
the motor.

The tonearm furnished as part of the
player is a mildly S-shaped aluminum
tube with a lightweight diecast head
shell. It is fitted with the four-pin bayonet
locked plug that is now used almost uni-
versally with Japanese tonearms. The
precision ball-bearing pivots are claimed
to have less than 7 mg of friction in the
horizontal or vertical planes.

(Continued on page 40)
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THE NEW StereoReview SRT14

....... ;.,_;,..,;_ e N\

STEREO
TEST RECORD

MNEEC #‘1 4

“test record ever developed.

Here, at last, is a record that contains everything you need to get
the fullest, most realistic reproduction from your stereo equipment.
Whether ycu've speni thousands on your stereo system or have
a more modest setup, the SRT14 is an indispensable tool for help-
img you realize the full potential of your equipment.

Best of all, you don't have to be an electronics engineer to use it.
You can actually perform a complete stereo-system checkup by ear
&one.

Atest lab in a record jacket

Employing the most advanced recording, mastering, and pressing
techniques, the Stereo Review SRT14 is produced to strict labora-
tory standards. Engraved in its grooves are a series of precisely
racorded test tones, frequency sweeps, and random-noise signals
tyat enable you to accurately analyze and check your stereo system
for:

» Frequency response.

« Stereo separation.

o Cartridge tracking.

» Channel balance.

« Hum and noise, inctuding turntable rumble

« Wow and flutter

« Optimum speaker piacement, and more . . . much more,

£nd you can do it all without any instruments . . . by ear alone.

Step-by-step instructions

Included with the SFT14 is a detailed instruction manual com-
plete with charts, tables, and diagrams. This takes you step by step
tarough the testing process. It explains the significance of each
tost. It tells you what to listen for. It clearly describes any abbera-
tons in system response. And it details corrective procedures.

For professionals too

The usefulness of the SRT14 is not confined to the nontecnnicai
tistener. Included on the record are a series of tests that call for
the use of sophisticated measuring instruments, such as oscillo-
scopes, chart recorders, and distortion analyzers. These tests permit
the advanced audiophiie and professional to make precise measure-
ments of transient response, recorded signal velocity, anti-skating
compensation, IM distortion, and a host of other performance
characteristics.

SRT14 record contents

FREQUENCY-RESPONSE TEST, LEFT AND RIGHT CHANNELS. Con-
sists of half-octave warble tones that permit testing and adjustment
of frequency response of a sound system over the full audio range.

STEREO SEFPARATION. Indicates the amount of signal leakage from
one channel Into another using warble tones from 400 to 12,800 Hz.

PHONO-CARTRIDGE TRACKING, HIGH FREQUENCY. Consists of a
two-tone test signal (16,000 and 16,300 Hz) that repeatedly swoops
to a high level and returns to a fixed low level. The level and quality
of an audible ‘‘difference tone’ indicates mistracking.

PHONO-CARTRIDGE TRACKING, LOW FREQUENCY. A single 300-
Hz tone recorded with simllar swoops indicates mistracking as an
increase in harmonic distortion.

SHANNEL BALANCE. Separate random-phase nolse sources for the
*wo channels permit baiancing not only of overall channel levels, but
also of the individual tweeters and mid-range drivers in the speaker
systems.

SHASE TEST, SPEAKERS AND PHONO-CARTRIDGE. A low-fre-
quency warble tone is recorded alternately in and out of phase
several times to establish correct interchannel phasing.

NOISE TEST. A very low-level recording of a pianc prevides a
reference playback level by which the Tow-frequency mose of a
sound system playing an unmodulated grcove can be jud3ed.

RECORD-PLAYER FLUTTER TEST. A passage of pianc music is
recorded three times with increasing amo unts of flutter. Tha degre2
to which the record-player's flutter “masks" the recorded flutter
indicates its relative severity.

FREQUENCY-RESPONSE SWEEP, 10,000 TO 40,000 HZ. The fre-
quency response and channel separation of a phono carridgs zt
ultrasonic frequencies can be measured with a voitmeter or other
appropriate instrument to give an indication of the :Iertridge’s
suitability for CD-4 reproduction.

FREQUENCY-RESPONSE SWEEP, 500 TO 20,000 HZ. Simifarly, tha
cartridge’s response and separation over the range of inportart
audibte frequencies can be measured.

SQUARE-WAVE TEST. The high-frequency response, piase shifs,
and resonant characteristics of a phono cartridge can be evaluated
quickly by viewing the reproduced waveform of an RiAA-equat zed
500-Hz square wave on an oscilloscope.

TONE-BURST TEST. Tone bursts sweeping from 500 to 23,00C Hz
give an indication of a phono cartridge's transient respornse when
the reproduced signal is viewed on the oscilloscope.

INTERMCODULATION-DISTORTION TEST. A phono cartrioge’s irter-
modulation distortion can be measured directly using a stamdard {M
meter designed to analyze an SMPTE signal.

ANTISKATING TEST. A specially designed test signal permits
adjustment of skating compensation tor best reproduction ct criticel
high-level recorded passages.

1,000-HZ REFERENCE TONES. Four tones whose recorded welocities
increase by 3-dB steps can be used to determine (by the comparison
method) the recorded signal velocity on a disc recording.

FLUTTER AND SPEED TEST. A 3,150-Hz tone recorded with great
speed—accuracy and stability provides a signal for use with a
flutter meter or frequency counter.

STEREO-SPREAD TEST. A series of recorded gun shots provide a

guide to optimum speaker placement for the most subjective satisfy-
ing stereo image.

The final step

Start getting the most out of your stereo system. Make tha SRT14
your next record purchase. Just completa the coupon &nd mail it
along with your remittance . . . today!

Test Record, Dept. 30013, P.O. Box 278, Pratt Station, Brooklyn, NY 11205
Please send SRT 14 |Stereo| Test| Records| @! $7.95 each
($9.95 outside U.S.A.).

[J Enclosed is$___________. Residents of CA, CO, DC, FL, iL, Mi,
MO, NY STATE, TX and VT add applicable sales tax.

[J CHARGE: {J American Express [0 Master Charga
O visa [ Diners Club

Account # Exp. Date

Master Charge interbank # (4 #'s over your name)

Slgnature

Print Name.

Address

City___ State. Zip

.o e 5 8 e s o8 04 e s 0 00 e g e s s e s ee s e “.
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When you do,you’ll probably pick CIFE.
You can’t afford to settle for
less when it comes to something like
clectronics training that could
affect your whole life.

POPULAR ELECTRONICS
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W hen you shop around for

tires, you look for a bar-
gain. After all, if it’s the same
brand, better price —why not
save money?

Education’s different.
There’s no such thing as “same
brand.” No two schools are
alike. And, once you’ve made
your choice, the training you
get stays with you for the rest
of your life.

So, shop around for your
traminq Not for the bargain.
For the best. Thorough, profes-
sional training to help give you
pride and confidence.

k k K

If you talked to some of our

%faduates, chances are you'd

1d a lot of them shopped
around for their training. They
pretty much knew what was
available. And they picked CIE
as number one.

Why you should
shop around yourself.

We hope you’ll shop around.
Because, frankly, CIE isn’t for
everyone.

There are other options
for the hobbyist. If you're the
ambitious type — with serious
career goals in electronics —
take a close look at what
we’ve planned for you at CIE.

What you should look
for first.

Part of what makes elec-
tronics so interesting is it’s
based on scientific discoveries
—onideas! So the first thing to
look for is a program that starts
with ideas and builds on them!

That’s what happens with
CIE’s Auto-Programmed®
Lessons. Each lesson takes one
or two principles and helps you
master them —before you
start using them!

How practical
is the training?
This is the next big impor-
tant question. After all, your
career will be built on what you
can do—and on how
well you do it.
Here are
ways some
of CIE’s
trouble-
shooting
programs Sag
help you get
your “hands-on”
training. . .
With CIE’s
Experimental
Electronics
Laboratory...

JULY 1978

you learn and review the basics —
perform dozens of experiments.
Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!

simply this:

All this training takes
effort. But vou'll enjoy it. And
it’s a real plus for a trouble-
shooting career!

Do you prepare for
your FCC License?

Avoid regrets later. Check
this out before you enroll in
any program.

For some troubleshooting
jobs, you must have your FCC
License. For others, employers
often consider it a mark in your
favor. Either way, it’s govern-
ment-certified proof of specific
knowledge and skills!

More than halfof CIE’s
courses prepare vou for the
government-administered FCC
License exam. In continuin
surveys, nearly 4 out of 5 CI
graduates who take the exam
get their Licenses!

Shop around...butsend
for CIE’s free school
catalog first?

Mail the card. If it's gone,
cut out and mail the coupon. If
you prefer to write, men-

tion the name and date

~ of this magazine. We'll

send you a copy of CIE’s
FREE school catalog —
plus a complete pack-
age of independent
home study information!
For your convenience,
we’ll try to have a repre-
sentative contact you to
answer your questions.
Mail the card or coupon —
or write: CIE, 1776 East
17th St., Cleveland,
OH 44114.

When you build your
own 5 MHz Triggered-
Sweep, Solid-State Oscil-
loscope you take your first
real professional step. You use
it as a doctor uses an X-ray
machine —to “read” waveform

patterns. .. lock themin...
study, understand and inter-
pret them!

When you get your
Zenith 19-inch Diagonal

Solid-State Color TV you

Pattern simulated.
apply your new skills to some
real on-the-job-type trouble-
shooting! You learn to trace

signal flow. . . locate malfunc-
tions. . . restore perfect operat-
ing standards —just as with any
sophisticated electronics
equipment!

Cli

1776 East 17th Street, Claveland. Oho 44114
Aceredited Member Nationsl Home Study Councit

O YES...tm shopping around
for the right kind of career training
in electronics troubleshooting —and
. CIE sounds well worth looking into.

= Please send me my FREE CIE school
When l

catalog — including details about

| Fouwork witha completely & HIINTI "

Solid-State Color information! PE-66
} Bar Generator— -
actually a TV signal
transmitter—you study

up to ten different .

patterns on your TV
screen. . . explore digi- l
tal logic circuits. . . observe l

the action of a crystal-con-
trolled oscillator!

Of course, CIE offers a

more advanced training pro- l
gram, too. But the main pointis

Clevaiand Institute
of Eiectronics, Inc.

Print Name

Address Apt.
Clty

State Zip

Age Phone

(arca code)

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

Mail today?
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In the
Black Il

Performance, beauty, quality
— three attributes that have
always been the hallmarks of
SAE products. SAE systems in
the past have had them, this
system’s predecessor had them,
and the new In The Black sys-
tem has them and much more.

The 2900 Parametric Pream-
plifier offers our new flexible
parametric tone control sys-
tem, full dubbing and tape EQ.
New phono and line circuitry
results in unparalled clarity

and definition with distortion
of less than 0.019, THD & IM.

The 2200 Stereo Power Ampli-
fier with fully complementary
circuitry delivers 100 Watts
RMS per channel from 20-20K
at less than 0.059%, Total Har-
monic Distortion, from 250mW
to full rated power.

The 8000 Digital FM Tuner
has linear phase filters, phase-
lock multiplex, and of course,
our famous digital readout
tuning indicator system.

Combine these products to-
gether and you have a system
that ensures superior perform-
ance in all areas, excellent
control flexibility, and the sonic
quality that is typically SAE.

e ——

Scientific Audio Electronics, Inc.
P.0. Box 60271 Terminal Annex, Los Angeles, CA 90060

1

2|3

415

61

Upper row e, |l el ele
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Position detector signals

Phase A:

Phase A Phase A3

40 CIRCLE NO 42 ON FREE INFORMATION CARD

Bi-directional drive circuit of
ANG640 IC supplies signals to two
rows of position detectors (A).
Switching passes current through
two sets of drive coils (B) to
provide smooth full-wave drive.

{Continued from page 34/

The head shell has a calibrated scale
and index marker that can be used to set
the correct stylus overhang for any car-
tridge whose stylus-to-center spacing is
known. The damped cueing system has
a built-in muting switch that silences the
audio outputs as soon as the tonearm is
lifted and does not unmute until after the
pickup had reached the surface of the
record. Another useful feature of the
tonearm is its adjustable height. By loos-
ening a screw on the side of the tone-
arm’s pivot support, the entire arm can
be moved vertically over a 6-mm range
with 1-mm calibrated accuracy. This
makes it easy to set any cartridge paral-
lel with the surface of a record for correct
vertical tracking angle and to avoid me-
chanical interference between the body
of the cartridge and the record.

The turntable’'s mounting base serves
more than just a cosmetic function. The
entire record player is supported on felt-
damped feet, and the combined turnta-
ble/tonearm system is floated from the
base on separate resilient mounts. The
goal here was to isolate the turntable
from external vibration and minimize
acoustic feedback, often a problem with
direct-drive record players.

User Comment. We tested the record
player with an AKG Model P8ES phono
cartridge installed in its tonearm and
performed our listening tests with an Or-
tofon Model M20FL Super cartridge in-
stalled. Cartridge installation and setup
were simple and straightforward.

The record player conveys a sense of

wwWwW americanradiohistorv com

precision in both appearance and “feel”
that is also evident in its performance.
Having the operating controls out front
and accessible even with the cover
closed is a real advantage. The one slip-
up in this respect is that the cueing con-
trol is not accessible until the dust cover
is lifted. We also found the dust cover it-
self awkward to lift with one hand. its
front surface slopes to the rear and is
difficult to grasp and lift except by its
side or with two hands.

- The turntable cannot be faulted. It
came swiftly up to speed and changed
speed so rapidly and in such small incre-
ments that we could hardly believe that
anything was really changing. When we
played the 1000-Hz band of a test rec-
ord and displayed the output on a fre-
quency counter, each touch of a vernier
button changed the displayed frequency
by exactly 1 Hz. The almost instanta-
neous stopping of the platter when the
STOP button was touched was a nicety
we appreciated.

The cueing/muting system is ingeni-
ous, but was too slow for our taste.
Some 10 seconds are required to un-
mute after the cueing lever is lowered,
though the descent time of the tonearm
can be adjusted over wide limits, de-
pending on the height to which the lift is
set. If the descent is too fast, a portion of
the record will not be heard before the
muting is disabled. If the descent is too
slow, the unmuting will occur before it
should and the thump of the stylus con-
tacting the record will be heard. Optimal-
ly, the descent should be timed, by ap-
propriate setting of the lift height, for

POPULAR ELECTRONICS
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uialr MULTI-USER SYSTEM

ST Mrionny

€ DK
COMPgMT!" BYSTEM
sY8T

gwm 6800
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i

OPERA TES - Up to 4 terminals running INDEPENDENT programs
HARDWARE TIME SHARE - Requires no modifications to computer
IDE AL FOR — All multi-terminal applications

The SWTPC multi-user system converts our standard 6800
single user computer into a multi-user time share system
that may be operated with up to four terminals. The four
terminals operate independently and may be running four
different programs.

No modifications to the computer are necessary, you sim-
ply plug in the multi-user board and add an interface for
each additional terminal.

The multi-user system is ideal for program training, multi-
station business applications and for computer aided in-
struction (CAl}. Speed reduction from a single user system
is negligible because all switching is done in hardware.

Multi-user BASIC, suitable for program instruction and sim-
ple business applications, is included with the multi-user

il

board. An 8K disc BASIC is also available for systems in
which disc drives are used. This software has a complete
nine digit floating point math package, full string features
and data files.

For computer aided instruction applications, a full feature
version of PILOT is available. It includes math operators,
misspelling match features and all other proposed for the
ANSH! standard version. The 6800 multi-user system is just
as economical, but far more flexible and powerful than
multiple small machines for CAl applications.

MUB-68 Multi-User Board and BASIC Software
Assembled andtested. . . ................ . $150.00
Kit. . ittt e e e e e e $129.95

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

CIRCLE NO 46 ON FREE INFORMATION CARD
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about nine seconds. This may tax the
user's patience, but will result in ideally
quiet cueing action.

The strobe pattern was always rock
steady during our tests, except for brief
transients as we were making large
speed changes. The only way to make

the pattern move was to place so much
drag on the turntable that it dropped out
of synchronism with the quartz oscilla-
tor. Needless to say, under a condition
like this, we did not have to look at the
strobe pattern to know that the turntable
was running slow.

CIRCLE NO 102 ON FREE INFORMATION CARD

The Model SL-1500MK2 is certainly
one of the nicest looking pieces of rec-
ord playing machinery we have seen. It
offers a combination of mechanical and
electronic sophistication that is nothing
less than remarkable for a record-play-
ing system of its modest price.

INFINITY MODEL Qb SPEAKER SYSTEM

Three-way system features electromagnetic induction tweeter.

The three-way In-
finity Model Qb
speaker system
features a new
tweeter of uncon-
ventional design, called an EMIT (elec-
tromagnetic induction tweeter). This is
backed up by a 10" (25.4-cm) woofer
whose cone mass is progressively de-
coupled with increasing frequency to im-
prove its performance in the upper-bass
range. The 600-t0-4000-Hz midrange is
handled by a 4” (10.2-cm) cone driver.
The system’s impedance is rated at 4
ohms, and recommended driving power
is 15 to 150 watts/channel.

The fully sealed enclosure is finished
in birch-grain vinyl. It measures 25" H x
1412 W x 12"D (63.5 x 36.8 x 30.5cm)
and weighs nearly 40 Ib (18.2 kg). Al-
though it is no larger than many so-
called “bookshelf” speaker systems, the
Model Qb is meant to be placed on the
floor, preferably on an optional steel
pedestal available from Infinity. The
pedestal raises the speaker about 12"
from the floor and tilts it slightly back-
ward, preferably no closer than a couple
of feet from any room wall.

42

Two small knobs set into the rear of
the cabinet are provided for varying the
outputs of the midrange and treble driv-
ers over a limited range. The frequency
response of the speaker system is rated
at 42 to 32,000 Hz =3 dB, under un-
specified test conditions. The horizontal
dispersion is rated at +60° at 20,000 Hz
for an output-level decrease of 2 dB.

The nationally advertised value of the
Model Qb is $192 and the optional steel
stands are $40 per pair.

Laboratory Measurements. The
averaged frequency response of the
speaker system, measured in the rever-
berant field of our test room, was excep-
tionally flat from several hundred hertz
to the 15,000-Hz upper limit of our mi-

crophone’s calibration. The overall vari-
ation of =2 dB from 450 to 15,000 Hz
places the Model Qb in a very select
group of speaker systems. (QOur mea-
surements are made at normal listening
distance in a normally furnished room,
rather than in the unnatural environment
of an anechoic chamber.) The polar dis-
persion was good, although in our test
room, there was about a 5-dB difference
in high-frequency output measured on-
axis and 30° off-axis.

Locating the microphone close to the
woofer, the output of the latter exhibited
a downward-sloping characteristic at
frequencies beyond 65 Hz. It amounted
to about an 8-dB decrease at 600 Hz,
where the steeper attenuation of the
crossover network began. Below 45 Hz,
the output fell at the 12 dB/octave rate
that would be expected from a sealed
speaker system.

Splicing the woofer and midrange/
high-frequency curves together was not
as unambiguous as we would have
liked, but our best approximation of a
combined curve revealed a consider-
able low-frequency rise below 200 Hz.
This did not coincide with what we heard
from the speaker system. It is probable
that by installing the speaker on its tilt
stand and locating it well away from any
wall, the bass response would tend to be
minimized, which is in all likelihood why
Infinity recommends the use of the
stand. In any event, it was clear that the
woofer's output down to below 35 Hz,
was at or above the midrange and
high-frequency levels.

The midrange and tweeter level con-
trols had very limited adjustment ranges,
making it impossible to seriously de-
grade the performance of the speaker

Tone-burst responses at 100, 500, and 5000 Hz.
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Product Focus

The most unique feature of the Infinity
Mode! Qb, visually and audibly, is its
EMIT (Electromagnetic induction tweet-
er) speaker. The EMIT is used singly in
the Model Qb (and its lower priced two-
way version, the Qa) and in arrays in the
company's higher-priced speaker sys-
tems. It is meant to provide the essential
advantages of electrostatic speakers,
such as extremely smooth and extended
high-frequency response and excellent
transient response. Unlike the electro-
static speaker, it is rugged, efficient, can
handle considerable power input, and
has superior dispersion.

From the front, the EMIT does not look
at all like a conventional speaker. It is a
flat plate with four narrow slits, behind
which there appears to be a plastic dia-
phragm. This diaphragm is a thin, low-
mass plastic, resembling that of an elec-
trostatic tweeter. Deposited on it is an
etched conductor “‘winding” that consists
of a number of turns in the shape of a
highly elongated rectangle. The long
sides of the winding are behind the slots
in the front plate, and the conductors are
in the field of two powerful samarium-
cobalt magnets.

The signal current passing through the
conductors on the tweeter diaphragm
produces a deflection of the thin plastic.
The diaphragm is driven uniformly over
its effective radiating surface, like that of
an electrostatic speaker. But the efficien-
cy and ruggedness of the EMIT give it a
considerable advantage over the electro-
static type. In addition, the EMIT does not
require a power source for a polarizing
voltage. The vertical orientation of the
slots in the front plate gives the driver ex-
cellent horizontal dispersion.

system by careless setting of the con-
trols. The tweeter level could be varied
over about a =1-dB range at frequen-
cies beyond 3500 Hz, and the midrange
control had a range of about ~1 dB from
600 to 3500 Hz.

The impedance of the system attained
its minimum of 4 ohms at 20 Hz. A sec-
ond minimum impedance of 4 to 5 ohms
occurred at 120 Hz. Over most of the au-
dio range, the impedance measured be-
tween 5 and 15 ohms. At the 54-Hz bass
resonance point, the impedance was al-
most 20 ohms.

For a fully sealed speaker system, the
Model Qb is moderately efficient. When
driven with 2.8 volts of random noise in
the 1000-Hz octave (2 watts into the rat-
ed 4-ohm impedance), it produced an
89-dB sound-pressure level (SPL) at a
distance of 1 meter. The bass distortion
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at a 1-watt level (2 volts) was less than
1% down to 65 Hz. It rose slowly to 4%
at 40 Hz and to 7% at 30 Hz. With a 10-
watt input, the distortion rose more rap-
idly. It reached 5% at 56 Hz and 10% at
40 Hz. The tone-burst response was
good at all frequencies.

User Comment. The absence of
peaks or dips in the response of the
Model Qb is immediately apparent from
its sound. The speaker system sounds
smooth and uncolored. The EMIT tweet-
er has a crystalline clarity, with no trace
of stridency. In general, we listened to
the speaker system with its level con-
trols set to their centers of rotation,
which gave us the flattest response in
our lab measurements. In our opinion,
however, these controls could have
been omitted altogether, since their ef-
fect on the sound is so subtle.

The bass performance of the system
is not as easy to evaluate as that of the
EMIT, since the bass is influenced to a
greater degree by the listening room.
Following Infinity's instructions for setup,
we felt that the balance between lows,
middles. and highs was just right. The
bass was deep and solid when required,
and there was little tendency to exagger-
ate the upper bass, which is a common
fault with many speaker systems. On
powerful organ-pedal notes, the woofer
on one system tended to “flutter” at its
extreme excursion. Investigating this,
we felt an air leak around the tweeter
when the woofer was driven hard. This
was obviously a manufacturing defect
because it did not occur with the other
speaker system in our stereo setup.

The brown grille cloth is attached to a
wooden frame that snaps onto the
speaker enclosure with two plastic fast-
eners, one of which is located at the
center of the top edge and the other at
the center of the bottom edge of the
frame. These fasteners support the grille
about 8" (3.2 mm) from the front of the
enclosure. When the systems were driv-
en hard, the grille assemblies rocked
from side to side. This did not produce
any audible buzzing or resonance ef-
fects in our tests, however.

The Infinity Model Qb is competitively
priced with a number of other fine
speaker systems. it is highly listenable,
with a smooth, uncolored sound and no
detectable audible weaknesses in its
performance. Also, playing the speaker
system for an extended period of time,
we concluded that we would be happy to
“live” with it.
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Popular Electronics'

July 1978

The latest
mobile sound
components
and how to
match them to
an automobile
environment.

BY PETER SUTHEIM

BOUNTIFUL crop of high-quality

audio components for mobile use
has been introduced this year. Conse-
quently, it's now easier to obtain “hi-fi”
sound in an automobile. Here is an in-
depth look at some of the new car
speakers, power boosters, equalizers,
tape decks and FM receivers and the
special challenges you will face if you
are to take full advantage of the better
sound they offer.

Speakers. The primary problem in-
volved in an audio system for a car con-
cerns the speakers and their placement.
As you know, there is little space avail-
able for normal-size speaker enclosures
in an automobile. Thus, you must use
tiny enclosures or mount “raw” loud-
speakers in already available cavities.
With stereo and quadraphonic sound,
the problem is compounded.

if you have the space, excellent
speaker performance can be had from
several makes and models of small inte-
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gral speaker systems. The ADS Models
2002 and 2001, which include biampilifi-
cation systems, are prime examples of
this type. The enclosures themselves
are about the size of squat milk cartons.
They are made of cast aluminum, and
each contains a 4" (10.2-cm) woofer and
a 1" (2.54-cm) dome tweeter. The in-
dividual speakers in each enclosure are
driven by separate amplifiers, with fre-
quency division for crossover occurring
before the amplifiers.

ADS produces virtually the same
speaker system without the amplifier as
the Model 200. It is a 4-ohm system spe-
cifically designed for a car stereo setup.
The Model 200's thrive on hefty
amounts of power, so they will not sound
their best with the typical 3-watts/chan-
nel ElA-rated output of most low-cost in-
dash car stereo units.

Similar to the ADS Model 200 are the
Visonik “Little David” 50, the Braun
“Output C,” the ACR system, Tamon's
Model LB-1030, and the Roadstar Mod-
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THE SPARKOMATIC SOUND.
FORTHE TRAVELIN' MAN WHO DRIVES HI$
CAR HIGH FIDELITY HARD.

When you put a lot of listening miles on your car speak-
ers you obviously take car high fidelity music seriously.

It makes sense, therefore, to make sure you travel with
the best car sound reproduction you can get. That means the
Sparkomatic TriplePlay 3-Way stereo speaker system.

Its horn tweeter, midrange and woofer combine to make
Sparkomatic’s TriplePlay 3-Way speakers as advanced as one
can get in car high fidelity, reproducing all the subtle tones
lost in other car speakers.

The delicate levels of high frequency are crisp and bril-
liant. The bass response is exceedingly clear, practically
distortion-free. And the mid-range is simply magnificent.

Power is no obstacle to these speakers and 50 watt peaks
come easy.

The Sparkomatic TriplePlay 3-Way speaker systems are
available in various sizes and shapes for the options of rear
deck, in-door and hang-on installations.

So if you’re into driving your car high fidelity hard, the
incredible sound reproduction of Sparkomatic’s TriplePlay
speakers are hard to beat.

SPARKOMATIC

For the Travelin’ Man

Car Sound/CB Equipment/Auto Clocks/Shifters/Creepers

For our free complete Car Sound Catalog write: “For The Travelin’ Man”, Dept. PF. , Sparkomatic Corporation, Milford, PA 18337.
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el RS-6040. The foregoing are merely
the smallest high-quality speaker sys-
tems. The ADS Model 300, for example,
is akin to them but it has a 6” (15.2-cm)
woofer and offers correspondingly better
bass and higher power-handling ability.
Advent's Model 400 is a larger design.

If integral speaker systems, with their
properly designed enclosures, appear to
be impractical (for space or safety rea-
sons) or unattractive, you will have to
mount raw speakers into the body of
your car. Unfortunately, the most popu-
lar speaker-mounting locations are not
truly ideal acoustically. These include in
the doors, under the seat, in the shelf
under the rear window, etc. Such loca-
tions might excite low- and middle-fre-
guency resonances in the car’s interior
air space or mechanical resonances in
the body structure. Such problems, how-
ever, are usually minimized by ambient
noise and other factors. Also, upper fre-
quencies produced by speakers in such
locations do not get a straight shot at the
listener. However, these locations are
the most likely available ones in a car,
and do serve rather well in this strange
acoustic environment.

Installing Raw Speakers. If you
can accomplish it mechanically, the best
place for a couple of small midrange
drivers is either directly in front of you in
the dashboard or just under the dash.
Here, one driver would be placed at
each end of the dash and aimed slightly
upward. However, because space is lim-
ited and because the open-bottom dash
makes a poor woofer baffle, they should
be supplemented by a woofer system lo-
cated elsewhere. A passive crossover or
an active arrangement with two sets of
amplifiers should be used in this case.
The speakers should be rigidly mount-
ed as nearly flush with the outer surface
as possible. (Shallow cavities created by
rear mounting tend to color the sound.)
Some protection, in the form of a suit-
ably cut slab of soft open-cell foam
(available from electronics and car-
stereo stores), is required for the speak-
ers. If you wish, back up the foam with
aluminum window screening or light-
weight hardware cloth for protection.
With some midrange drivers, espe-
cially smaller ones, you may not need
tweeters. If you do—and you will if you
use 5" (13-cm) drivers—use only one
per channel. Locate the tweeters as
close as possible to the midrange driv-
ers, preferably right next to them. The
tweeters can use their own special am-
plifier or the same amplifier as the mid-
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range drivers. In either case, a dividing
network is required to protect the tweet-
ers from potentially damaging low-fre-
quency energy. Use a minimum value of
4 pF (nonelectrolytic) capacitance in se-
ries with the tweeter and amplifier for an
8-ohm tweeter or 8 pF for a 4-ohm
tweeter. This provides a 6-dB/octave
rolloff below about 5000 Hz. You can im-
prove on this by adding a low-resis-
tance, 0.25-mH air-core inductor in se-
ries with an 8-ohm midrange driver or a
0.12-mH choke in series with a 4-ohm
driver. Connections are shown in Fig. 1.

Door Mounting. If you cannot find a
suitable location for the speaker drivers
up front, you will have to put them in the
doors or somewhere to the rear. Doors
are not the very best choice for me-
chanical and acoustic reasons. For ex-
ample, some speakers are too deep to
fit into such shallow locations. Moreover,
without adequate damping material, the
outer sheet metal tends to reflect short-
er-wavelength energy back through the
cone. But given limited auto interior
space, doors are deservedly popular
speaker-mounting locations.

There are some precautions to ob-
serve when installing speakers in doors.
For example, damping material is dif-
ficult to install unless you can prevent it
from interfering with the window and
latch mechanisms. For the same rea-
son, it is risky to cut into the interior door
panel just below the window, which is
the best acoustical location. Door-
mounted speakers are, therefore, usuai-
ly installed far down, where some of the
upper frequencies are radiated into up-
holstery and carpet.

The proper way to install a speaker in
a door is to remove the entire interior
trim panel, which means removing at
least the window crank as well. Then ex-
amine the exposed mechanical setup to
determine if there is clearance for a
small 3" to 5" (7.6 to 12.7 cm) driver as
high and as far forward as possible.

Once this has been determined, cement
as large a square of Y2"-thick felt or
sound-deadening board as possible to
the inside surface of the outer sheet-
metal panel at that location; use roofing
cement or silicone-rubber adhesive.
Crank the window up and down to be
sure the damping material does not in-
terfere with any mechanism. Do not cut
any holes in the interior panel until you
have determined what you plan to do.

Rear-shelf Mounting. Another pos-
sible location for mounting raw, unen-
closed speakers is the shelf under the
rear window. Though there are several
drawbacks to this location, too, most can
be overcome. The most serious draw-
back is that the speaker backs “look”
into a trunk that's a large, rather reflec-
tive resonant cavity common to both
speakers. This will tend to reduce stereo
separation and promote boomy bass. In
small cars that are nearly airtight, you
may even run the risk of rupturing the
trunk-speaker cones if you slam the
door with all windows rolled up. Some
manufacturers such as Acoustic Fiber
Sound have made a bid to solve these
problems with enclosed speaker sys-
tems.

If the speakers face upward, sound
will be reflected and dispersed by the
rear window of the car. This is an effec-
tive way of throwing the sound into the
car, but it further reduces stereo separa-
tion and stereo imaging, which is al-
ready somewhat peculiar because the
speakers are behind the listeners.

Finally, the sun tends to roast any-
thing on the rear shelf. Therefore you
must protect the speakers with a foam
grille. The grille itself will likely have to
be replaced after a year or so when it
crumbles. For mobile stereophiles who
like robust sound with lots of bass and
“hot” highs, the rear shelf is the place to
put multiple-driver assemblies with 6" x
9” woofers and separate tweeters (and
even separate midrange drivers in some

Fig. 1. Simple
passive crossover
for use with

separate woofer FROM
N AMPLIFIER

e
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Jensen Triaxial® for front door
panels has low-mounted 5%"
woofer, and surface-mounting
mid-high module.

Unorthodox door mounting of Radio
Shack “Minimus 0.5” aims sound at
listener’s ears, but could use
separate woofer for deeper bass.

Advent EQ-1 self-amplified
6" x 9" speaker is equalized

for rear-deck mounting.

models). Since the midrange drivers and
tweeters in such systems often have
closed backs, channel-to-channel cou-
pling via the trunk at middle frequencies
is less of a problem. At low frequencies,
most of the material on commercial pop
recordings is essentially monophonic
anyway, so there is no foss.

Advent has announced its Model
EQ-1twin 6" x 97 (15.2 x 22.9 cm) pow-
ered speaker system that is equalized
especially for rear-deck mounting. Also
worth noting is the Folk Mini-Monitor,
which may be too large for most cars,
but not for some vans.

Coaxial speakers or preassembled
systems with a woofer and a tweeter
make sense if you keen in mind the gen-
eral principles stated here. Jensen
Sound Laboratories and KLH, among
others, even have 3-way coaxial types.

Your vehicle may ofier umque mount-
ing possibilities. Some van owners, for
example, have been happy witih speak-
ers mounted into the seats themselves

JULY 1978

PN T SRS S

or into the roof. A few general hints may
help. First, low frequencies are essen-
tially nondirectional, and the ear is easily
fooled into placing the origin of the bass
frequencies at the source from which the
middle frequencies are emanating.
Therefore. you are free to work with
small drivers, leaving the bass from as
high as 200 Hz and down to be repro-
duced by other speakers located under
a seat or on the rear shelf. Also, small
drivers are far easier to install in near-
optimum locations.

The second hint is to aim the mid-
range drivers and accompanying tweet-
ers, If any, so they have a clear path to
your ears. The largerthe cone, the lower
the frequency at which uneven disper-
sion begins: for a 3" driver, it is at about
4000 Hz; for a 4" driver, at about 3000
Hz; and for a 5" driver, at about 2500 Hz.
This means that for any place you sit,
off-axis output from the driver will be er-
ratic and not easily predictable beyond
those frequencies. In a high-quality sys-
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Bi-amplified

ADS 2002 speakers
are designed to
operate with
Nakamichi’s high-
quality Model 250
cassette player.

)
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tem, this is the chief reason for crossing
over to a tweeter at those frequencies.

The third hint is to mount the mid-
range driver, where possible, in a rigid
airtight box filled (but not packed tightly)
with fiberglass or other insulation. Anin-
fernal volume of 180 cu in. (9" x 5" x
4"), for example, will allow smooth re-
sponse down to about 120 Hz with a
suitable 3" or 4" high-compliance driver.
The box need not be rectangular; in fact,
an irregular shape will reduce cavity-
resonance problems.

Finally, protect all drivers with an
acoustically transparent foam or screen
grille.

Speaker Connections. Phasing
multiple drivers can be a challenge. With
loudspeakers close together and wired
n series or parallel, they are either in- or
out-of-phase. In-phase hookups are pre-
ferred, for better bass response and
clearer stereo imaging. Therefore, with
identical parallel-connected speakers,
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wire “like” terminals together (one termi-
nal is usually identified with a spot of
paint or a “+"); with identical speakers
in series, wire opposite terminals togeth-
er as shown in Fig. 2.

If you mix dissimilar speakers, you
must first establish the correct phasing.
You can do this with a single flashlight
cell by temporarily connecting it across
the speaker's terminals and observing
the direction of cone travel. If the cone
moves outward, mark the speaker termi-
nal to which the positive terminal of the
battery is connected with nail polish. If
the cone moves inward, mark the speak-
er terminal to which the battery’s nega-
tive terminal is connected. Do this with
every driver you plan to use, whether or
not they are already marked.

It's not as easy when crossover capa-
citors and inductors are involved. With a
simple 6-dB/octave circuit like that
shown in Fig. 1, there is a 90° phase dif-
ference between the low (midrange) out-
put and the high (tweeter) output. The
usual practice is to connect the tweeter
in a way that would be out-of-phase if
there were no crossover network. Try
making connections both ways. If you
hear a difference, connect it the way that
sounds best to you. With a properly
phased set of drivers, the sound is more
coherent than with improperly phased
speakers.

A separate woofer system calls for a
more sophisticated crossover. Because
of the low frequencies involved, this is
best handled with a separate amplifier
and an active crossover network. Alter-
natively, you could use a passive net-
work, of course. However, inductive val-
ues become large and the coils are
therefore costlier. Additionally, there is
some loss of power. If you want a pas-
sive woofer network, however, the cir-
cuit in Fig. 3 works well. It requires two
12-mH iron-core chokes of less than 1-
ohm resistance (available from TSR En-
gineering, 5146 W. Imperial Hwy., Los
Angeles, CA 90045 for $7.50 each).

An active-filter circuit for one channel
is illustrated in Fig. 4. The “low” output is
intended to feed a separate power
booster. More economically, a single
crossover can be used for both chan-
nels, feeding a common bass amplifier/
speaker channel as shown. This re-
quires only one bass amplifier (Setton
makes a single-channel one), and one
woofer. The main speakers then each
receive a full-range signal.

A cluster of four 5" or 6” woofers
makes sense at low frequencies if you
can find the space for them. Use two 8-
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(a)

H

(8)

Fig. 2. For correct phasing in
multiple-speaker installations,

wire “unlike” terminals |

in series as at (A), “like”
Qnes in parallel as at (B). J
ohm units in parallel across each power
booster output. Unlike typical power am-
plifiers, boosters generally “like” 4-ohm
loads. Be sure to check the manufactur-
er'sinstructions on this, though.

If you listen mostly to classical music,
you can “fakeit,” if it is more convenient,
by taking the bass from only one chan-
nel with a below-100-Hz dividing net-
work (Fig. 3).

Finally, you may wish to consider a
neat trick to give a sense of expanded
space without expensive reverberation
or delay devices. Simply connect two
small (3" is fine), inexpensive drivers,
wired in series and out-of-phase, from
the “hot” side of one channel to the
“hot” side of the other channel. (See
Fig. 5.) Locate the drivers someplace to
the rear of the car, on either side of the
rear window, for example. The type of
enclosure used is unimportant.

A 25-ohm speaker level control poten-
tiometer wired in series with the drivers
will allow you to experiment with the lev-
el of the rear ambience until it satisfies
you. Also, a nonpolarized 8- or 10-pF
capacitor connected across the speaker
pair attenuates the upper couple of oc-
taves to make the “recovered ambi-
ence” sound more like actual reflected
sound. The effect of this hookup is very
similar to some matrix quadraphonic
schemes at nowhere near the expense.
(For true 4-channel sound, an eight-
track tape deck would be required.) It
also does wonders for stereo; rear-seat
passengers will enjoy it, too.

Amplifiers. A single transformerless
class-B output stage working with a 12-
volt supply (actually about 13.8 volts)
cannot produce more than about 2 watts
of continuous power into an 8-ohm load
or 4 watts into a 4-ohm load without be-
ing overdriven. Since this is what most
low-cost car stereos use, you can see
that the output power claims for some of
them are wildly optimistic. Hence the
market for power boosters.

There are several ways to obtain
more power from a 12-volt source. The
most common and least expensive is
limited to a theoretical maximum of four
times the “simple” power output. How
this is done is shown in Fig. 6. Two iden-
tical amplifiers are fed the same input,
both out-of-phase. The speaker load is
connected between the “hot” outputs,
neither side of which can be grounded.
One amplifier “pushes” as the other
“pulls.” The net effect is to double the
supply voltage, which produces four
times the power in the same resistive
load. This works out to about 8 watts into
8 ohms and 16 watts into 4 ohms.

-
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Unscrewing carpet-retaining plate
provides handy channel for wires
teeding signals to amplifiers

or 1o the rear speakers.

Reinstalling the coor panel, a snap-in

grille mounting plate is secured.

With some makes, a grille snags onto the
speaker or is held by speaker-mount screws.

otfiErpr—

Cut speaker hole in rear deck with a sharp
blad= or sabre saw. Many trunks have oval
stampings under the deck that can be used
as guides when cutting 6” ¥ 9” holes.

—_——

= e 2

Removing frort door panel snows where
this “Krikat” speaker can mount.

(Here, there's & pre-cut hcle.}

Attach wires bafore s2curing speaker.

— %

Scund-deadening board, secured with
rozfing cement, suppresses rattles
and resonmances which may occur
with sheat-metal door panels.

!

Add spzaker grilles to protect
cones and to enhance appearance.

Use bolts. not screws, 1o fasfen grille. |
One of twd speakers on ixack deck is shown. /
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Fig. 4. Electronic crossover feeds highs and lows
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\ depends on ralue of capacitor. Summing network
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(dashed box) lets you use one erossover and one
bass amplifier to feed a common woofer. Other-
wise, 2 crossovers and 4 amplifiers are required,

)

A variation of this technique uses an
autotransformer to step up the voitage to
the speaker. Since almost uniimited cur-
rent is available from the car's electrical
system, it is possible to use high-current
output transistors to swing as much as 3
or 4 amperes into a transformer winding.
In effect, the speaker's impedance is
stepped down to 2 ohms or less by the
transformer. Since output power is in-
versely proportional to ioad impedance,
it goes up accordingly.

A third way is to use a dc-to-dc con-
verter to raise the supply voltage. The
output power available with this tech-
nique is limited only by the current that
can be drawn from the car's electrical
system without taxing other functions it
must also serve. This approach makes it
possible to adapt the power-amplifier
circuits from home audio components to
mobile service. All that is necessary is to
design a switching-type dc converter
with sufficient voltage, current, and reg-
ulation to feed the desired amplifier.

A fourth method you can use is biam-
plification. By dividing the audio spec-
trum into two or more parts, with corre-
sponding numbers of amplifiers in each
channel, each feeding a suitable speak-
er, you effectively parallel the amplifiers
across the 12-volt supply. The combined
output from this scheme is several times
greater than you would expect, thanks to
the uneven distribution of energy in mu-
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sic. (This is the technique employed in
the ADS Model 2001 and 2002 systems
and some Sanyo stereos.)

Uniess a specification sheet explicitly
mentions “FTC ratings,” car-amplifier
output power figures should be taken
with a large grain of sait. Copy writers
can come up with amazing power fig-
ures by ignoring clipping, assuming a
14- or 15-volt supply and a 4-ohm or
less impedance, using “peak” power,
etc. Read before you buy, and be pre-
pared to pay reasonably high prices for
good amplifiers. The $20 power boost-
ers are likely to be disappointing.

Most boosters are designed to oper-
ate from the speaker outputs of a com-
plete in-dash or under-dash radio re-
ceiver and/or tape player. Since the out-
puts of such a unit generaily include a
large series dc-blocking electroiytic ca-
pacitor, the boosters usualily have a low-
value resistor (10 to 100 ohms) across
their inputs. This reduces the ill effects
of dc leakage through the capacitor. Un-
fortunately, the low input shunt re-
sistance also makes it impossible to
drive the boosters like normal power
amplifiers, directly from the volume con-
trol of the main unit. it is usually possible
to snip one lead of this input shunt to re-
move it. Bear in mind, however, that by
opening the booster's case you wili in all
likelihood void its warranty if tinkering is
noticeabie.

‘vvww.americanradinhismrv.mm

Once you remove the shunt, you have
a two-channel power amplifier that can
be used directly from the volume or tone
controis of your main unit or with the ac-
tive crossover described in this article.

Some power boosters have a trans-
former input and no shunt resistor.
These can definitely not be used from
high-impedance internal feeds.

One manufacturer hopes to standard-
ize the industry on a 1000-ohm source
impedance and 10,000-ohm input, with
typically 250-mV input leveis. But until
that occurs, you are on your own.
Impedance matching is not the issue
here. However, a 50,000-ohm volume
control will not take kindly to a load of
100 ohms from its wiper to ground. The
output level will be severely reduced,
and there may be distortion at the top
end of the volume control. if you mate
components from different manufactur-
ers, you will have to obtain schematic
diagrams from each manufacturer and
examine them to determine if the units
you plan to use are compatible. How-
ever, most units are compatible, with mi-
nor modifications.

You can solve some mating problems
by using a pair of emitter-foliower cir-
cuits, as shown in Fig. 7. (The maximum
source impedance at a volume-control
wiper is one-fourth the value of the con-
trol if the control is fed from a low imped-
ance. It occurs at the setting where the
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output level is 6 dB down from max-
imum.) Assuming a 50,000-ohm control,
the highest source impedance will typi-
cally be between 10,000 and 15,000
ohms, depending on what precedes the
control. It is unwise to drive more than
10" to 15’ (3 to 4.6 m) of shielded cable
at this impedance. If you do, high-fre-
quency losses may become audible.
However, you may need greater length
than this in a large car if the power am-
plifier is located in the trunk. This is
where an emitter-follower circuit can
prove useful!

The outputs of mobile booster amplifi-
ers usually float with respect to ground.
Hence, use separate ¢.nductor pairs for
connections to all speakers. If either
side of a speaker output is grounded or
a common lead between outputs is
used, the booster amplifier can be dam-
aged. Use nothing smaller than No. 18
wire for dc supply leads and speaker
wiring. In fact, No. 16 is better, especial-
ly with 4-ohm speakers and speakers
wired in parallel.

Booster amplifiers can usually be lo-
cated anywhere. Some have power
switches, but you can avoid the need for
accessing them by using the circuit in
Fig. 8. This allows all accessories to be
turned on and off from the switch on the
main dashboard receiver or player. If the
dash receiver you choose has a connec-
tion for a power-driven antenna, you can
use that to operate a relay like the one in
Fig. 8. The contacts of the relay can then
switch the boosters and other devices.
Be sure, however, that the relay can
handle at least half of the maximum cur-
rent drawn by the booster amplifier at full
output.

Avoid mounting boosters (or any elec-
tronics, for that matter) near heater out-
lets or where they will be exposed to di-
rect sunlight or engine heat. Some
boosters are quite heavy, which neces-
sitates the need for secure mounting.
The heavier ones are best laid flat on a
sturdy surface and then bolted down
with No. 8 or No. 10 machine screws,
lockwashers, and nuts.

You are on your own when it comes to
connectors. Only a small number of mo-
bile electronics gear uses the familiar
phono jack and plug. With the manufac-
turer’s instructions and a schematic dia-
gram, which is often but not always sup-
plied, you will usually be able to identify
the various leads and attach suitable
connectors if needed. Do not expect one
manufacturer's booster amplifier to in-
terface with another's dashboard unit
without connector modification.
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Tape Units. Most serious audiophiles
have a strong preference for cassettes
over the eight-track tape format. Cas-
sette tapes are small and improving con-
stantly. Furthermore, there is a greater
variety of home-recording cassette
hardware enabling one to use the same
tapes in an auto cassette machine. Also,
tape winding and rewinding are much
faster, and Dolby noise reduction is
available. Moreover, some manufactur-
ers produce mobile cassette machines
with recording provisions. At least two of
them (Sanyo and Blaupunkt) make in-
dash systems with AM and stereo FM
receivers and cassette decks that allow
recording of cassettes in stereo from the
receiver or in mono via a microphone.
But if you want eight-track cartridge ca-
pability, several manufacturers will
oblige you with in-dash and under-dash,
models.

The top-of-the-line cassette tape units
at this writing are from Nakamichi and
Uher, both of which are quite expensive
but can also be used as self-powered
portables. The Nakamichi Mode! 250 is
a player only, while the 350 also re-
cords. Both have built-in Dolby NR cir-
cuits. The Uher Model 210 is a recorder/
player sans Dolby. Some better-than-
average players have begun to appear
in in-dash combination systems with
stereo receivers. Examples of these in-
clude the Concord Models HP-100 and
HP-350, Motorola TCB876AX, Sanyo
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Model FT1480A with Dolby, Kraco
KID-588 with auto reverse, and Pioneer
Model KPH-9000, among others. Dy-
nascan Corp.'s Cobra 50XLR in-dash
combo also incorporates a CB trans-
ceiver.

When you are out shopping, read the
specifications carefully and check out
missing entries. And don’t always be-
lieve that a low price indicates a bargain.
Some run-of-the-mill cassette machines
exhibit inordinately high fiutter, especial-
ly with thinner C-90 and C-120 tapes. A
special nuisance is “warble” on a bumpy
road, caused by a poorly designed or
adjusted tape transport.

FM Receivers. Until recently, the best
mobile FM tuners were poor performers.
Then Pioneer spearheaded a change in
this image a while back with its “Super-
tuner” line. More recently, Sanyo with its
“Audio Spec” line, Concord, and others
have joined the ranks.

If you want absolutely everything in
your car stereo, now you can almost get
it. The latest in car-stereo units incorpo-
rate stereo cassette with auto-reverse,
plus AM/FM-stereo radios with digital
tuning and readouts (that double as
clocks) plus three tuning modes: auto-
scan, preselect, and manual.

The first three of what promises to be
a new wave of high-end, do-all stereo
units are the Fujitsu Ten ETX-41B
($275), the J.I.L. 634E ($350}, and the

\

Fig. 5. Stereo
expansion circuit
gives added reverb
and a “rear-charnel”
effect, by playing
signal components
that are out of phase
in front channels.

REAR
WINDOW

Fig. 6 Push-pull
connection uses 2
\ amplifiers to
quadruple power.
Optional
autotransformer
further increases
available power.
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Sanyo underdash cassette player
comes with slide-in/out bracket.
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The Pioneer “Supertuner” underdash TP-900
has easy-to-read circular FM dial, 8-track tape.

Separate components—cassette deck, tuner and
amplifier—make up this Panasonic stereo system.

Cassette, CB and AM/stereo FM are
combined in this 5"-deep Cobra 50 XLR.

o
MOBILE RECEIVERS AND TAPE EQUIPMENT SAMPLER

J

Panasonic Q8520 ($399.95). Their tun-
ing facilities differ somewhat: the J.I.L.
nas only 4 station-select buttons (which
bring in 8 stations—4 AM and 4 FM), but
auto-scans in two modes, either stop-
ping at the first station found. or pausing
there unless instructed to stop. The Fu-
iitsu unit can preselect 5+5 stations
(with a rotary switch instead of pushbut-
tons), and only has the stop-until-restart-
ed auto-tuning mode. The Panasonic
has similar auto-tuning, but preselects
6+6 stations and has an unconventional
“manual” tuning mode: a pair of buttons
which scan the dial up or down until re-
leased.

As to tape features, the Panasonic of-
fers Repeatrack, which automatically re-
starts the tape after rewinding, the Fujit-
su has Dolby, and the J.I.L. is also avail-
able in an 8-track version, the Model
874E.

On the presumption that you'll use
amplifiers or boosters with them, all
three have low power—about 15 watts
per channel at 10% distortion for the
J.I.L. and Panasonic, and zero watts for
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the Fujitsu (it has no power amplifier
stage at all).

If the other features don'timpress you
that much, but the digital tuning does,
less feature-laden digital stereo/clock
units are available from Audiovox, Bo-
man, Craig and Sanyo.

Though still not on a par with fine

home component FM tuners, the new
breed of high-quality car radios packs a
lot of performance capabifity into a small
package. When vyou are shopping
around, read the manufacturers’ specifi-
cations for their receivers very carefully.
The published specifications for the bet-
ter receivers are quite comprehensive.

-
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power output, LED power indicators.

Motorala equalizer/booster has 30-W rms

POWER BOOSTER AND EQUALIZER SAMPLER

P
£S8  ASamenvCLUME

Fujitsu Ten preamp has 5
inputs, including mike mixing.

SparkOmatic GE-500 40-W rms equalizer/
booster displays illuminated response curve,

features front-rear fader control.

Trunk-mounted 7-inch Isophon woofer “speaks”
into rear-seat back below 120 Hz.
Driven by one channel of Jandy booster.

Fosgate 200-W amp has preamp
with source selector, power
LED’s, 3-way equalization. ‘

They give figures for sensitivity in stereo
as well as mono, capture ratio, alter-
nate-channel selectivity, etc. Always
look for a complete statement for a
specification. For example, a "“2-pV"
sensitivity rating is meaningless if the
background noise suppression is not

stated. It mignt take 50 pV or more to
give you a listenable signal in stereo.

FM reception in a moving vehicle is
difficult at best, of course. An unaided
vertical whip antenna does not capture
much signal, especially from stations
that transmit only a horizontally polar-
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ized signal. (More and more FM stations
are going to circular polarization, how-
ever, which includes a vertical field com-
ponent that maintains its strength near
the ground.) The single omnidirectional
whip antenna is also vulnerable to mul-
tipath interference (delayed reflections
combining with the direct signal), which
severely distorts the signal and causes
dropouts and noise bursts in the sound.
Horizontally oriented windshield strip
antennas eliminate the polarization
problem, but tend to favor the fore and
aft directions. The best antenna at pres-
ent is still a single front-fender-mounted
31" (78.7-cm) stainless-steel whip, con-
nected by a short length of coaxial cable
directly to the antenna input of the re-
ceiver. The coax shield should be well
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Amplifiers, Boosters,
Equalizers—
Who Makes What?

If you're searching for an amplifier or
booster for your car stereo, it helps to know
who has products in your desired power
range. Here's a quick run-down of the pow-
er ranges available from each company, in
watts per channel for 4 ohms, at less than
1% distortion. Power figures with higher or
unspecified distortion levels are marked
with asterisks. Figures marked “E" are for
booster/equalizers.

Company Watts/Channel
ADS 25
Audiomobiie 20-75,E20
Audiovox E16*

Boman Astrosonix 25*

Clarion E10-20, 125
Concord 18

Craig 12-25, E36
Fosgate , 20-50

Fujitsu Ten 20

Jandy Car-Fi 30-80, E20-30
Kraco 20*, E25-30"
Kustom Kreations 37.5*

Laser Acoustics

65-175, E65-175

Linear Power

(Shmegg) 15-125
Mega 25
Motorola 12-20
MetroSound 20-35,E20
Muntz 15-20*
Panasonic 10
Pioneer 12-20
Prime E10
Pyramid 20-40, E22
Royal Sound 10-30*, E25
Sanyo 1525 ¢
Sanyo biamp 23+5W ( 3%
Setton 40
Sonic Boom 12.5-45
SparkOmatic 15*, E20"

grounded to the vehicle's chassis at the
antenna end. Telescoping designs that
can be extended to several feet may be
somewhat better for AM reception. But
they may be a source of noisy or erratic
reception as they age and contact be-
tween the sections deteriorates. They
are also more easily broken.

FM boosters are of questionable use-
fulness. With a low-grade FM receiver in
a weak-signal area, they can be helpful.
But in urban areas where signals are
strong and multipath reception is a prob-
lem, such a preamplifier can make
things worse by increasing crossmodu-
lation distortion. The best mobile tuners
are the least likely to benefit from an
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auxiliary preamp, and their performance
may actually be degraded by one unless
its noise figure, almost never published
for these devices, is better than that of
the r-f stage in the receiver itself.

Accessories. A variation of the power
booster amplifier that includes tone con-
trols or a “graphic” equalizer is a grow-
ing and popular addition to a mobile
sound system. It can be very useful, but
bear in mind that even a relatively small
audible boost in some parts of the fre-
quency spectrum can demand signifi-
cantly more power from your amplifiers.
Also, don't apply excessive boost at very
low frequencies since small speakers
may reach the limits of their cone excur-
sions, resulting in distortion and possible
damage.

Though a graphic equalizer may help
even out a vehicle's peculiar acoustics,
the typical five-band unit will not provide
enough compensation to wholly flatten
out the overall system response. But it
may alter the sound’s tonal balance to
reduce some of the masking caused by
noises in a moving vehicle. There is at
least one seven-band car equalizer,
from Jandy Car-Fi. Moreover, there are
nongraphic equalizers available from
Laser Acoustics. These have provisions
for screwdriver-adjustable frequency
settings which can't be misadjusted by
curious passengers.

At this writing, the power amplifiers
built into most graphic-equalizer acces-
sories are not particularly distinguished,
some being rated at as much as 10%
distortion. This picture will undoubtedly
change. Again, remember to read and
interpret all published specifications.

Finishing Up. Ignition noise is not the
problem it once was. Most recent cars
are equipped by the factory with interfer-
ence-reducing ignition wiring. Older cars
factory-

and cars ordered without

installed radio receivers may have to be
fitted with resistor-type spark plugs or
add-on resistors or be rewired with re-
sistive ignition cable.

Alternators are not usually prime
causes of FM interference. If yours is,
you can get suppression kits from, say,
Radio Shack, Lafayette Radio and other
sources to eliminate the interference.
Too, if your car has the older type of dc
generator, you might have to install a
suppressor. The kit should include coax-
ial capacitors rather than the more com-
mon axial- or radial-lead capacitors.

Coaxial capacitors can also aid in re-
ducing noise from fan and wiper motors
and electric fuel pumps. A single
0.25-uF coaxial capacitor connected
very near the offending device, and sol-
idly grounded nearby through its mount-
ing lug, will often render the interference
inaudible. Sometimes you will have to
add inductance in series with the supply
lead to the motor. A value of 1 mH or
thereabouts should do nicely. Be sure
that the inductor and coaxial capacitor
are rated to handle the current drawn by
the motor when it is operating at max-
imum speed.

If you run into persistent electrical in-
terference in your car, the Mobile Manu-
al for Radio Amateurs contains much in-
formation that is useful for combatting
the problem. It is published by the Amer-
ican Radio Relay League (ARRL) and is
available from most electronics parts
and equipment stores.

In Conclusion. With careful selection
of mobile audio components, installa-
tion, and interfacing, you can easily ob-
tain good high-fidelity sound in your car,
van, or RV. The hints presented here
should help you tailor your system to the
peculiar acoustical and electrical envi-
ronment of your vehicle. Then you and
your passengers can enjoy more realis-
tic music reproduction. o
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VOLTAGE

YOUR

NTIL recently, all automotive volt-

age regulators have been electro-
mechanical devices. As a result, they
exhibit all the disadvantages associated
with relays and breaker points—wear,
chatter, changes in spacing, and pitted
contacts due to arcing. The latest model
solid-state regulators are inherently
more reliable. Now, with the introduction
of a new IC from Motorola, it's possible
to build one at low cost to replace me-
chanical or costly discrete component
solid-state regulators.

In addition to the new IC, the full-fea-
ture, solid-state voltage regulator pre-
sented here employs only a handful of
discrete components. It is easy to con-
struct and install, and offers selectable
temperature coefficient, overvoltage
protection, as well as automatic shut-
down in case of loss of battery voltage.

About the Circuit. A typical automo-
tive charging system is shown in Fig. 1.
The alternator differs from a generator
with a fixed field in that the magnetic
field is derived from dc flowing in the ro-

REGULATOR
FOR

Build an
ELECTRONIC

CAR

tating field winding. Field current, usual-
ly aoout 3 amperes, is supplied via the
voltage regulator. The alternator stator
windings are usually connected in a
three-phase wye (Y) configuration pro-
ducing an ac output. Six silicon diodes
form a three-phase, full-wave rectifier
which converts the ac to dc.

The output of the alternator is a func-
tion of both shaft speed and magnetic
field strength. Variations in load re-
sistance and shaft speed can be com-
pensated for by changing the amplitude
of the field winding current and hence
the strength of the magnetic field. That's
exactly what the voltage regulator does.

An electromechanical regulator ac-
complishes this task by “chopping” the
field current or inserting into and re-
moving a fixed resistor from the field cur-
rent loop. The contacts of such a regula-
tor can be opening and closing more
than 200 times each second. Solid-state
voltage regulators, including this project,
govern the amplitude of field current
electronically. A voltage-dependent cur-
rent source is used to drive a power
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¥ BATTERY : :
: C i Flig. 1 Block diagram
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Solid-state system
uses new IC to achieve
high reliability

at low cost.

transistor whose output current excites
the field winding. Stock regulators typi-
cally employ a zener diode, several fixed
resistors, a thermistor which sets the
regulator's temperature coefficient, a
driver transistor and a power output
transistor.

The internal structure of the Motorola
MC3325 monolithic silicon IC, upon
which this project is based, is shown in
Fig. 2. The integrated circuit can be
viewed as composed of four separate
sections—a temperature coefficient cir-
cuit, a battery-voltage loss detector, an
overvoltage detector and an output drive
amplifier. Each of these sections can be
biased independently by the addition of
a few passive components. The IC is de-
signed to drive an npn Darlington tran-
sistor which in turn controls current
through the field winding.

Shown in Fig. 3 are the three basic al-
ternator types commonly used in auto-
mobiles. The regulator preserited in this
article can be used with the floating field
(A) and pulled-up field (B) alternators.
However, the regulator cannot be used
with a grounded field alternator (C) un-
less the output stage of the regulator is
modified.. Alternatively, the alternator
can be modified to make it a floating field
type. The project has not been tested
with this type of aiternator, but provi-
sions for the required regulator modifica-
tions have been included on the pc-
board foil pattern.

Some automobiles employ alternators
with integral voltage regulators. That is,
the voltage regulator is enclased in the
alternator housing. The project can be
used with such an alternator if the hous-
ing is removed, the voltage regulator by-
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Fig. 2. Schematic of the internal structure
of the Motorola MC3325 automotive voltage regulator IC.
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passed, and the alternator rewired so
that the field winding and rectifier output
are connected to the external terminal
block. The exact modifications required
vary with each charging system.

The schematic diagram of the IC volt-
age regulator is shown in Fig. 4. Very
few external components are needed.
Darlington transistor Q1 drives the alter-
nator field coil. The fixed resistors are
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used to bias the various sections of IC1.
Resistor R3 functions as a current limit-
ing resistor in case an overvoltage con-
dition occurs at the output diodes of the
alternator. The magnitude of the reg-
ulated voltage is determined by R5. Re-
sistor R1 establishes the current in the
IC’s diode string. The magnitude of this
current determines the regulator’s tem-
perature coefficient. The maximum

I\/\/\/\/\/\/,americanraﬂiohigmrv,mm

consistent with the formation of good
solder joints and pay close attention to
polarities and pin basing of semiconduc-
tors. An IC socket or Molex Soldercons
will facilitate the installation of /IC1.

The Darlington transistor should be
mounted on a heat sink attached to the
metallic project enclosure. A power tran-
sistor socket, a mica insulating washer,
silicone thermal compound, machine
hardware and shoulder washers should
be employed. A suitable terminal (pre-
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Fig. 4. Schematic of the solid-state voltage regulator. =
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ferably of the barrier block type) should
be mounted on the enclosure to provide
convenient points for the ground. battery
sense, field and alternator output con-
nections. Interconnect the pc board,
transistor socket and terminal strip using
No. 16 or heavier insulated, stranded

copper wire. Mount the pc board in the
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enclosure using metallic standoffs and
machine hardware.

Adjustments. The key circuit param-
eters can be optimized for use in a par-
ticular charging system by changing the
values of certain fixed resistors. namely.
R3. R5, and R6. Before changing any of

Fig. 5. Etching and
drilling guide for

pc board is at left,
with parts placement
guide shown below.
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the values specified in the parts list, con-
sult your automobile’'s specifications.
Then use the following information to
determine the resistor values.

Resistor A3 limits current through the
zener diode internally connected to pin 3
of IC1. In operation, the voltage between
pin 3 and ground (the sum of the zener
voltage and the voltage drop across the
transistor's base-emitter diode) will be
about +7.5 volts. The value of A3
should be chosen so that the current
flowing through the resistor. internal
zener, and base-emitter diode at max-
imum overvoltage is between 2.0 and
6.0 miliamperes.

The following equation is used to
compute the value of R3: A3 = (V.

V,)/1,. where V_is the zener voltage,
+7.5 volts, I is the current flowing into
pin 3, between 2.0 and 6.0 mA, and
Vi emax 18 the maximum output voltage
of the alternator. The specified value of
R3is 1600 ohms. If the alternator output
varies between 13.0 and 16.0 volts, /,
varies between 3.4 and 5.3 mA. Thus,
over the full range of voltages anticipat-
ed. the zener current is less than 6.0 and
greater than 2.0 mA.

The magnitude of the regulated volt-
age is determined by the value of AR5,
which is defined by the following equa-
tion: V,eg (1 + A5/R1) (8.4) + (n +
R5/5000) (0.7). where nis 3 for the cir-
cuit shown in Figs. 4 and 5 and A1 is
chosen so that the current in the battery
sensing diode string is between 0.5 and
1.0 mA. This current in part establishes
the regulator's temperature coefficient,
which can be varied from approximately

9.0 mV/'Cto —13.0 mV/°C by chang-
ing the number of diodes in the string.

The approximate temperature coeffi-
cient of the zener diode is +3.0 mV/°C,
and that of the string diodes and transis-
tor base-emitter diodes is —2.0 mV/°C
each. Starting at pin 1 (refer back to Fig.
2). and counting upward, we add 2.0
mV/ C for the first base-emitter diode,

2.0 mV/°C for the second, +3.0 mV/
'C for the zener, and - 10 mV/°C for the
five diodes between pins 8 and 6. This
results in a total temperature coefficient
of 11 mv/°C.

The voltage between pin 8 and
ground should range from +7.9 volts
minimum to 8.8 volts maximum. The re-
sistance of A1 should be greater than
7800 ohms and less than 16,600 ohms,
whereA__ - V_ /I andA__ =V
/1 .. If a typical voltage of 8.35 volts
and a current through the diode string of
0.64 mA are assumed, the resistance of
R1 should be 13,000 ohms. This results
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Hobbiests! Engineers! Technicians! Students!

Write and run machine language programs at home, display video graphics
on your TV set and design microprocessor circuits—the very first
night—even if you've never used a computer before!

ELF Il

by NETRONICS
as featured in
POPULAR ELECTRONICS
shown with optional 4k
Memory Boards. GIANT
G0ERD™. Kluge
Eoard and
&Gt

FKaptoard

ELI II featuring

RCA COSMAC

microprocessor/mini-

computer

Bet “"hands on" experience with a computer for just
$99.95 Then, once you've masiered computer
fundamentals, expand ELF || with low cost add-ons and
you've got an advanced personal computer powertul
enough to solve business, industrial or scientific
probiems

Learning Breakthrough!
A Short Course On
Microprocessor And
Computer Programming
Written for anyone! Mimmal background needed!

Using advanced computers i1s now as easy as driving a
car with an automatic transmission We will teach you. step
by step. instruction by instruction how to use an RCA
COSMAC computer

Not anly does our short course explamn computers
helps anyone wrte and run programs and solve complex
problems requiring a computer Knowing how a computer
works can heip you

(1) Spot situations where a computer czi assist you in
bustness. industry personat applications, etc, {2) Select the
most economical computer {or microprocessor} and related
hardware for your specific needs. (3) Wnte and run the
programs you need: and (4) Keep your computer costs down

This course was written for ELF Il users but itsa
blockbuster for every RCA COSMAC user or owner!

Stop reading about computers and get your hands on one ELF 1115 an outstanding tramner
for anyone who needs to use a computer to maximize hs or her personal etfectiveness But ELF I
15n tust a trainer Expanded (t becomes the heart of a powerful computer system
For $99.95 You Get Al This—
No other small personal computer otfers video output and ELF II's expanston capabilities
for anywhere near $99 95 ELF li can create graphics on your TV screen and play electronic

SPECIFICATIONS

ELF H features an RCA COSMAC COS/MOS 8-but
microprocessor addressable to 64k bytes with DMA.
interrupt. 16 registers, ALU. 256 byte RAM. tull hex
keyboard, two digit hex output display. 5 slot plug-in
expansion bus (less connectors). stable crystal clock
for timing purposes and a double-sided,
plated-through PC board plus RCA 1861 video IC to
display any segment of memory on a video monitor or
TV screen

EXPANSION OPTIONS

¢« ELF I GIANT BOARD™ with casssette 1/0.
RS 232-C'TTY 1/0. 8-bit P [/0. decaders for 14
separate  |/O nstructions and a  system
monitor /editor Turns ELF I 1nio the heart ot a
full-size system with massive computing power’
$39 95 kit
4k Static RAM. Addressable 1o any 4k page to 64k
Uses iow power 2102°s Chip select circunt allows
onginal 256 bytes to be used Fully huffered
Onboard 5 volt regulator $89 95 kit
* Prototype (Kluge) Board accepts upto 36 1 C 75
including 4(). 24, 22_ 18, 16. 14 pin. Space available
for onboard regulator $17 (X
= Gold plated 86-pin connector. $5 70
« ELF I Full ASCII Keyboard. Upper and lower
case $64 95 kit
* 5 amp Expansion Power Supply. Powers the
entire ELF IT {(Not required uniess adding 4k RAM
boards ) $34.95 kit

All of the above PC boards plug directly o
ELF II's expynsion bus

ELF I TINY BASIC
Communicate with ELF 1l in BASIC' ELF 1l Tiny
BASIC 1s compatihle with either ASCH keyboard and
TV screen or standard teletype/video terminal
utihzing RS 232-C or 20 mil TTY nterface
Commands include SAVE and LOAD tor storing
programs on siandard cassettes. a plot command to
display graphic informaution and special commands
for controlling ELF 11 170 devices 16-hit integer
arithmetic, =, x, —. () 26 vanables A 7Z Other
commands include LET. [F/THEN, INPUT, PRINT.
GO TO, GO SUB, RETURN, END. REM, CLLEAR.
LIST. RUN. PLOT. PEEK. POKE Comes with
maintenance documentaton and excellent user’s
manual that allows even beginners 10 use ELF [l for
sophisticated applications. (4k memory required }
$14 95 on cassette tape
ComingSoon . . . D-A, A-D) Converter « Controller
Board ¢ Cabinet « Light Pen tLets you wnte or draw
amvthing on a TV screen Imagine having a “magic
wand” that wntes hke a crayont)

games! It pays for ttsetf over and over again in the fun it provides tor your whole family
Engineers and hobbiests can use ELF Il tn microprocessor-based cercuits as a counter. alarm.
lock thermostat. timer. telephene dialer. etc The posstbdities are endless!

The ELF I1 Explodes Into A Giant!

Once you've mastered computer fundamentals, ELF Il can give you POWER! Plug i the
GIANT BOARD™ and you can record and play back your programs. edit and debug programs
communicate with remote devices and make things happen in the real world Add Kluge Board to
solve specific problems such as aperating @ mare complex alarm system or controlting a printing
press 4k memory units let you wnte longer programs and solve even more sophisticated
business. industnal scientific and personal finance problems

Add ELF 11 Tiny BASIC And Keyboard!

To make ELF il easier ta use, we ve developed ELF Il Tiny Basic It fets you program ELF )l
with simpie words you can type out on a keyboard such as PRINT. RUN and LOAD ELF I) responds
by dispiaying answers on your printer video manitor or TV screen

Write And Run Programs The Vvery First Night!

The ELF I kit includes all components and everything you need to wnite and run your own
programs plus the new Poxie Graphics chip that lets you display any 256 byte segment of memory
on 3 video monitor or TV screen No wonder ELF 1 1s now being used as a trainer in many high
schools and universities

Easy instructions get you started night away. even (f you ve never used a computer before
The newly expanded ELF Il Manual covers assembly. testing, programming video graphics and
games

ELF I can be assembled in a single evening and you !) st have time to run programs
including games. video graphics. etc before going to bed!

oemsemms SEND TODAY! == st se mam

NETRONICS R&D LTD., Dept.PE7 (203) 354-9375
I 333 Litchtield Road, New Milford, CT 06776

U YES! | want to run programs at home and have enciosed (1$99.95 plus $3
' p&h for RCA COSMAC ELF 11 kit (3 $4 35 for power supply. required for ELF Il kit
0 $5 00 for RCA 1802 User's Manual
3 $4 95 for Short Course on Microprocessor & Computer Progeamming
CELF Il connects to the video input of your TV set I you preferto connect ELF It to your
I antenna ferminals snstead, enclose $8 95 for RF Modulator
[3$39 95 plus $2 p&h for ELF GIANT BOARD™ kit
— 4k Static RAM kit, $89 95 ea plus $3 p&h
0 $17 00 plus $1 p&h for Prototype (Kluge} Board
[ $34 95 plus $2 p&h for Expansion Power Supply kit
__ Gold plated 86-pin connectors at $5 70 ea
11$64 95 plus $2 p&h for ASCII Keyboard kit
1514 95 for ELF It Tiny BASIC cassette
O | want my ELF | wired and tested with the power transformer, RCA 1802
User's Manual and Short Course on Microprocessor & Computer Program-
ming for $149.95 plus $3 p&h.
Total enclosed (Conn res add tax) $_________ 71 Check here if you are enclosing
Money Order or Cashrer’s Check to expedite shipment

NAME ______

ADDRESS

|

eIty

STATE P
omn se ame e Dealer Inquiries Invited! me oo emme em

L

CIRCLE NO 28 ON FREE
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in a minimum current of 0.61 MA and a
maximum of 0.68 mA for the specified
range of voltages between pin 8 and
ground. In most charging systems, the
normal charging voltage will be between
13.3 and 15.3 volts. Accordingly, 14.0
volts is a good choice for Vreg. Solving
the equation previously given for a Vreg
of 14.0 volts results in an AR5 resistance
of 2333.3 ohms. A 2000-ohm resistor
will cause Vreg to be 14.3 volts.

The value of A6 is more easily deter-
mined. This resistor limits the maximum
overvoltage, which can be expressed
as: V. . = [(R3+R6)/R6](7.5). We
have previously calculated the resis-
tance of A3 to be 1600 ohms, so we can
simplify the equation:V_ = {{1600 +
R6)/R6 ] (7.5). If the maximum overvolt-
age is chosen to be 16.0 volts, then R6
should have a resistance of 1411.8
ohms. The closest “standard’ value,
1500 ohms, will limit V_ . to 15.5
volts. Because this 88.2 —ohm change in
resistance varies the maximum overvolt-
age by 0.5 volt, a 5% (or closer) toler-
ance component should be used for R6.
In fact. it's a good idea to use resistors
with such tolerances for all three biasing
resistors (R3, A5, and R6).

If a Darlington transistor other than
the type specified in the schematic and
Parts List is used as Qf7, it might be nec-
essary to change the value of R2. Check
the data sheet of the Darlington transis-
tor for the beta of the device. Then se-
lect a value of R2 that will provide
enough drive when the alternator output
voltage is at its minimum level. An ex-
pression you can use to determine the
required resistance is: liwe = Voin
2.8)/(R2 + 50).

Installation. The project should be
mounted at or near the location of the
voltage regulator that is being re-
placed—except if the existing regulator
is an integral one. In any event, the reg-
ulator should be positioned near the bat-
tery for good thermal tracking. All inter-
connections between the regulator and
the rest of the charging system should
be made with flame-retardant, oil-resist-
ant insulated stranded wire. Use No. 14
wire for the battery, ground, and field
connections and No. 10 wire for the con-
nection to the alternator output terminal.
Most, if not all, of the wires needed
should be already present. If not, add a
required length of suitable wire, keeping
the gauge requirements just mentioned
in mind. Finally, be sure the regulator is
firmly secured in place to prevent possi-
ble damage caused by vibration. <&
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BY DOUGLAS KOHL

L oW-COSt LOOP ANTENNA

EXTENDS AM

RADIO RECEPTION

Easy-to-build air-core loop helps pull in
distant stations on inexpensive radios.

VEN |IF you're vacationing too far

from home for normal AM reception,
you can still pick up home-town broad-
casts with an ordinary AM radio. Alterna-
tively, if you're staying at home, you can
receive out-of-town sports broadcasts to
keep tabs on your favorite team. Using
an inexpensive external loop antenna
will do the trick. Here's why it works and
how to build one.

Because portable and desk-top AM
receivers employ relatively small, inter-
nally mounted ferrite-core loop anten-
nas, they can deliver only enough signal
for good reception of local stations.
However, if an external loop with a larg-
er effective cross-sectional area is sub-
stituted for the internal one, or used in
tandem with it by mutual coupling, the
working sensitivity of the receiver is in-
creased in direct proportion to the ratio
of the loop areas.

If the loops are used in tandem, no
connections or modifications to the re-
ceiver are necessary. Signals will be
coupled to the small internal loop induc-

{el~_TUNING
CAPACITOR

How to
construct
aloop antenna
on wall of a room.

tively when the two loops are placed in
proximity to each other. If your home is
of wood-frame construction and the
walls do not have metal lath, you can
mount the large loop on a wall or even
conceal the loop behind it. The loop can
then be a source of fun as a mystery
spot where your neighbor’s $5 transistor
radio will work better than ever before!

Constructing a Loop. Atypical large
loop antenna is shown in the figure. It is
made simply by winding a series of turns
of wire on some supporting structure.
The loop is tuned by a variable capacitor
connected across it. The antenna can
be supported by wooden pegs inserted
into the wall or by a free-standing wood-
en cross frame. Insulated copper wire,
No. 20 or larger, should be used. Bell
wire or even No. 14 house wire will yield
excellent results. Such a loop can be
concealed if other members of the family
consider it unsightly.

Plan to make your loop square, or at
most, slightly rectangular. This makes it
easy to compute the area inside the
loop. Construct your loop so that it is as
large as possible. A 7-ft x 9-ft (2.1-x
2.7-m) loop, for example, is suitable if
you have 8-ft (2.4-m) walls. If possible,
mount the loop on a wall which is in line
with the distant radio stations you want
to receive. The antenna is most sensi-
tive to signals parallel to the plane of the
loop, and least sensitive to signals pro-
pagating in directions perpendicular to it
(striking the antenna broadsides).

To calculate how many turns of wire
are needed, compute the area of the
proposed loop and use the following for-
mula: N — 242.3/V/A where N is the
number of turns and A is the area in
square inches (1 square inch 6.45
cm?). For example, suppose the
planned loop will measure 6’ 9” (2.1 m)

vvvvvv,americahradiohismrv,mm\

on each side. Ilts area will be 6,561
square inches (4.2 m2 or 42,330 cm?)
and the number of turns required will be
three. For your convenience, here are
the loop sizes corresponding to an inte-
gral number of turns:

2

Length of each side

80-11/16" (2.05 m)
60-5/8" (1.60 m)
484" (1.23 m)
40-3/8" (1.03 m)
34-5/8" (88 cm)
30-5/16" (77 cm)
26-7/8" (68.3 cm)
10 24-3/16" (61.4 cm)

W o ~NO U bW

Incidentally, you can make a small, port-
able loop on a wooden frame to take
along on picnics, or on a boat. A loop
two feet square (0.3716 m2 or 3716 cm2)
will provide good results with a “pocket
portable” receiver.

Connect the loop ends to each side of
an ordinary air dielectric variable tuning
capacitor (one loop end to the rotor
plates and the other to the stator plates).
The capacitor, which can be removed
from a junked AM receiver or purchased
new (or surplus), should have a max-
imum capacitance of at least 360 pF.
Multisection capacitors can be wired in
parallel to extend the loop’'s tuning
range. Be sure to solder all connections
using rosin core solder.

Using the Loop. A loop antenna will
provide some improvement in reception
of all stations, not just the one at the fre-
quency to which it is tuned. However, for
best results the loop should be resonat-
ed. Tune the receiver to the desired sta-
tion’s frequency and place it in the vicin-
ity of the large loop. Orient the receiver
so that its internal ferrite bar is perpen-
dicular to the plane of the loop. Then ro-
tate the shaft of the antenna’s tuning ca-
pacitor until the signal peaks.

Enhanced reception will be ex-
perienced when the receiver is placed
up to approximately one side dimension
of the loop in front of, or behind the wall
on which the loop is mounted. Experi-
ment with the placement of the receiver
to determine the location that gives best
results. The closer the receiver is to the
joop, the more signal coupled to the in-
ternal ferrite antenna. For casual listen-
ing, as opposed to chasing weak DX sig-
nals, the degree of coupling between the
loop and the receiver will not be critical,
thanks to the large measure of improve-
ment the loop provides. &
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BY HARRY L. HELMS, JR.

Shortwave
DX “CATCHES”

FROM

AFRICA

OME people tune the shortwave

bands to keep closer tabs on what's
happening in the rest of the world. Oth-
ers seek distant, rarely heard DX sta-
tions. It's not often that one section of
the world can offer exceptional oppor-
tunities for both categories of SWL's, but
Africa certainly can. There are numer-
ous stations to challenge your skills as a
dial-spinner, while at the same time of-
fering the politically-aware news-orient-
ed SWL some of the most potentially ex-
plosive listening excitement to be found
anywhere.

Major DX'ing fireworks are provided
by the rapidly escalating radio war be-
tween the white minority regimes in
South Africa and Rhodesia, and the
black nations that surround them in
southern Africa. More interesting listen-
ing comes from the numerous former
colonies struggling to achieve stable na-
tionhood, undergoing various internal
upheavals in the process. Such instabili-
ty makes extracting a QSL from many
African outlets an even greater chal-

QSL card sent by the Ghana Broadcasting
Corporation verifying receplion.

Broadcasts from a
changing continent

can be informative

and interesting.

lenge than hearing the station! Yet such
situations can provide supreme DX sat-
isfaction when overcome, resulting in
the arrival of a highly prized verification.

South Africa’s Big Voice. There's
no question as to which nation has the
biggest signal in Africa: The Republic of
South Africa puts a thumping signal into
all parts of the world with its external
service, Radio RSA. In addition, it has
an extensive network of domestic short-
wave services which can be easily
heard throughout North America.

Radio RSA currently broadcasts in
English to North America at 2230-2320
GMT on 9585, 11800, and 11900 kHz.
Programming is typical of most govern-
ment-operated broadcasters: news, edi-
torials, features, music, and mailbag
programs. For the SWL interested in
African affairs and politics, Radio RSA
can provide insights into South African
foreign policy that cannot be obtained
through conventional American news
media.

GHANA BROADCASTING CORPORATION

Dear Sir/Muedam,
Thank you for your rec=ption report of our transmission(s)

11850

2100 .G.M.T. on

ke/s heard at

P.O. BOX 1633

ACCRA, GHANA

2018 -
17 5: BB

We have pleasure in verifying your report which is much appreciated.
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The governmental body responsible
for domestic broadcasting services is
the South African Broadcasting Corpo-
ration (SABC), which provides program-
ming in English, the Dutch dialect Afri-
kaans, and various tribal vernaculars.
SABC's English service is widely heard
on 4875 kHz from 0300 GMT sign-on
until fade out at sunrise in South Africa.
Programming is pop music and a gener-
ally subdued announcing style. Some-
times telephone call-in shows are fea-
tured, and these are among the most
fascinating programs you're likely to find
on shortwave.

Private broadcasting stations are not
allowed in South Africa, but SABC pro-
vides its own commercial service known
as Springbok Radio. This service oper-
ates all through the South African night
and offers the same pop music and mel-
low style of SABC's noncommercial
service. You will recognize many of the
brands mentioned in the commercials,
since many American firms market their
goods in South Africa, while some
brands, such as “Jungle Oats” cereal,
are clearly unique to South Africal

In the summer of 1977 SABC opened
yet another domestic service, this time
featuring rock and roll music in a style
similar to that of American “Top Forty”
stations, although with fewer suggestive
lyrics and songs than heard on Ameri-
can radio. This service is known simply
as Radio Five and best reception is on
3388 kHz from 0300 GMT onward.

The Rhodesia Broadcasting Corpora-
tion can be heard on 3396 kHz from
0355 GMT sign-on in English. Program-
ming is mainly news, pop music, and ad-
vertising, delivered in a sedate style that
seems oblivious to the explosive situa-
tion facing the nation. But SWL's have
heard items warning Rhodesians to pre-
pare for the "war sacrifices” that might
lie ahead. |f the guerrilla campaign
against the lan Smith regime isn’t settied
in some peaceful manner, Rhodesia
might provide some of the mostdramatic

POPULAR ELECTRONICS
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listening available to the SWL. This sta-
tion is a good verifier, by the way, and
the wise SWL should secure a QSL now
before any future political changes.

Voices of Opposition. None of the
black-ruled nations of southern Africa
opposed to the regimes in South Africa
and Rhodesia have the commanding
shortwave signals possessed by South
Africa. This makes them better DX, yet
none are extraordinarily difficult. Most
are audible, at varying levels, through-
out North America on average receiving
equipment.

Perhaps the most virulent opposition
voice belongs to Radio Tanzania, which
can be heard in English from 1730 to
1915 GMT on 15435 kHz. A regular pro-
gram at 1800 GMT is ‘“Liberation for
South Africa and Liberia,” consisting of
stinging, barbed commentary directed
against those two nations. Also occa-
sionally heard at 1830 GMT is the
“Voice of Namibia" program, calling for
the liberation of the territory of South
West Africa, which is controlled by
South Africa. Radio Tanzania's news-
casts are similarly peppery. Radio Tan-
zania allows the American SWL to di-
rectly hear the views and opinions of the
more militant nationalist groups. More-
over, the American news media often
fail to capture the impassioned nature of
the nationalist movements which comes
across so clearly over Radio Tanzania.

Zambia is a nation which is also
steadfastly opposed to the regimes of
South Africa and Rhodesia, yet it main-
tains a more moderate radio voice. Ra-
dio Zambia transmits its general service,
consisting of English and local vernacu-
lar languages, on 3346 kHz from 0350 to
0530 GMT and on 7250 kHz from 0630
GMT until fade-out due to sunrise in
Zambia. Reception of either frequency
cannot be termed easy, but Radio
Zambia does manage to put a readable
signal into the United States most days.
Newscasts feature extensive coverage
of African nationalist activities but with-
out the stridency of Radio Tanzania.
Much African music is played, making it
a listening treat even for those uninter-
ested in politics. One distinctive charac-
teristic of Radio Zambia is the practice of
referring to areas under white rule by
their nationalist or native names. For ex-
ample, Rhodesia is always called “Zim-
babwe” by Radio Zambia. Zambia can
also often be heard sending greetings to
listeners in white-ruled areas.

Amin Speaks to the World. Few

JULY 1978

dont nous vous remercions.

RADIO SENEGAL
B. P. 1765 — DAKAR

QS L j
v
Nous avons le plaisir de vous 'nﬂﬂ
confirmer Iex?::;ld:( f vo're rapport Poas-:tss
d'écoute 2 (7 2078 "
a0 4. /&M hero GMT 'N‘Z/” 4./."44.4*“»'/ KV2'

i\ s Frop Siecet
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Radio Senegal’s QSL card gives the station’s frequencies
and power outputs. Note that it is in French.

leaders in world history can compare in
notoriety and controversy with Idi “Big
Daddy” Amin of Uganda. Listeners who
wish to keep up with his latest es-
capades can do so by tuning in to the
external services of the Uganda Broad-
casting Corporation. Itis on the air in En-
glish from 1880-1830 GMT on 15325
kHz (although with interference from Ra-
dio Canada International) and from
2030-2100 GMT on 9730 kHz. Trans-
missions are to Africa, but Uganda's
powerful 250-kilowatt transmitters often
deliver strong signals to North America.
Uganda’s broadcasts are not as excit-
ing as one might expect, given Amin’'s
pyrotechnics. Programming is a varied
hodge-podge, seemingly spontaneous,

with musical selections running the
gamut from traditional African music to
Judy Garland and American country and
western. Yet interspersed are various
features and commentaries, giving first-
hand glimpses into Uganda &nd its poli-
cies. Uganda's newscasts arz often the
means by which Amin springs his sur-
prises on the world. The first news of
Amin's ‘‘post-operative coma’ came
from UBC's external services, for exam-
ple. Thus, Uganda always has the po-
tential for exciting and dramatic listening
as long as Amin remains in pcwer.

Other English Voices. Not all Afri-
can broadcasters are as heavily politi-
cized in their English programs as the

Verification card from the Nigerian Broadcasting Corporation.

NIGERIAN BROADCASTING CORPORATION
BROADCASTING HOUSE - LAGOS - NIGERIA

e R ANDIIIC
GIEIR

confil'm'aﬁ..

I

pleasure in

rom our

..kcs

FOR CHIEF ENGINEER
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stations we have discussed so far.
Some offer relatively balanced news
coverage and much interesting African
music. For those seeking a more moder-
ate perspective on African affairs, the
Voice of Nigeria is a listening must. Best
North American reception is on 7275
kHz at 0600 GMT sign-on and on 11770
kHz from 1800-1930 GMT. These are
external services intended for foreign
audiences. Also easily heard is the do-
mestic service, Radio Nigeria, on 4990
kHz. Listeners in the East will find this
frequency audible from fade-in around
2130 GMT until sign-off at 2305 GMT.
Listeners throughout North America can
try for their sign-on at 0430 GMT. Pro-
gramming consists of authentic African
music, news, and interviews. Both the
Voice of Nigeria and Radio Nigeria are
very friendly verifiers.

Ghana is an African nation which has
of late curtailed much of its international
broadcasting activity. Once a station
which rivaled Radio RSA as Africa's
leading radio voice, Radio Ghana is now
restricted to one frequency, 6130 kHz,
where it is heard until its 2300 GMT
sign-off in English. It now uses the slo-
gan, “The Voice of the Revolution,” and
bears watching as this nation attempts
to stabilize its internal situation. SWL’s
in the West will find Ghana easier to
catch via their domestic shortwave serv-

ice, the Ghana Broadcasting Corpora-
tion, which signs on at 0600 GMT on
4915 kHz. Plenty of African music and
commentaries are featured. If you send
a reception report to either station, don’t
be surprised to receive letters from Gha-
naians wanting to be your pen-pal—
numerous SWL'’s have received them
for several years. Apparently many let-
ters from the United States are opened
in Ghana by local postal employees!

A station completely different from the
norm in African broadcasting is the Sier-
ra Leone Broadcasting Service, operat-
ing from a nation established by the Brit-
ish for much the same purpose as Lib-
eria: as a home for former slaves. Lis-
teners in the East can hear it on 3316
kHz at 2335 GMT sign-off, usually with
religious programming, while listeners
further west can listen for their 0600
GMT sign on. Programming then is rock
and pop music, commercials, and a
DJ—all sounding rather like the radio
voice of another former British colony,
Radio Belize in Central America! Yet
even this relatively tame station had
many interesting news items during a
coup attempt in early 1977.

Those who seek a true challenge
should try to hear and verify the English
service of Radiodiffusion Television Ivoi-
rienne broadcasting from Ivory Coast.
English is scheduled around 2000 GMT

Thank you for your report on the reception of our
Domestic English Service/Afrikaans Service/
Commercial Service (Springbok Radio) from the

H.F. Verwoerd Shortwave Station
DATE: ... 19 .0ctoher..1975......

TIME: 0350 GMT

FREQUENCY:

MR, H,_.. HELMS JR

SOUTH AFRICAN

0 wefe - 07 Nt
BROADCASTING CORPORATION
SUID-AFRIKAANSE CuC oy Gy A
UITSAAIKORPORASIE
UsS.A,

P.O. Box 4559, Johannesburg, South Africa

Supreme

for: DIRECTOR: TECHNICAL SERV.

South African Broadcasting Corporation
QSL card verifying reception on 3980 I Hz.
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on 11920 kHz, and programming fea-
tures American soul and African pop
music. You're likely to hear a variety of
station identifications used, but the two
most common are Radio Abidjan (after
the name of the national capital) and Ra-
dio Ivory Coast International. Signals
are often good throughout North Ameri-
ca, and the real challenge starts after
you've heard the station. Their QSL poli-
cy is sporadic and totally unpredictable.
Some listeners receive a verification
with their first report. Others cannot get
a reply despite numerous reports. Your
author falls into the latter category, hav-
ing sent several reports since 1969 with
nothing to show for the effort!

Non-English Stations. For those
more interested in QSL's than program
content, or for linguists, don't ignore
non-English broadcasts, as follows.

Since many African nations were for-
merly French colonies, it is hardly sur-
prising that French is a very common
language over the African airwaves.
Thus, you'll have to resurrect your high
school or college French to follow the
news programs and commentaries on
these stations. But if you don’t know
French, you'll find that you can follow the
programming well enough to prepare a
reception report, and these stations will
usually verify a reception report written
in English.

Benin is a new name for the former
nation of Dahomey, and its La Voix de la
Revolution Beninaise is a most unusual
experience for North American listeners.
Programming is in French, with local
music, frequent excited political
speeches and slogans, and repeated
mentions of Cuban troops in Africa. It
operates on 4870 kHz, and is scheduled
to sign on at 0415 GMT although at the
time of this writing it is sometimes oper-
ating all night. English has been report-
ed in the past around 2030 GMT by Eu-
ropean SWL's.

Another all-night operation is Radi-
odiffusion Nationale in Guinea, operat-
ing on 7125 and 4910 kHz. Although it
identifies as La Vooix de la Revolution on
occasion, its programming has toned
down over the years. French is used
along with local vernacular languages,
and much African music is featured.

The Congo is well-heard in North
America via Radiodiffusion Television
Congolaise on 4765 kHz at 0400 GMT
sign on. Tribal rhythms and drumming
are often featured, and are a delight if
you haven’t heard them before. Listen-
ers in the East might want to try for their
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English programs scheduled for 2130
GMT, although these are presented on a
somewhat irregular basis.

Chad is heard well throughout North
America on 4905 kHz via the programs
of Radiodiffusion Nationale Tchadienne.

Sign-on is at 0430 GMT in French with
pop and rock music mixed with more tra-
ditional native flute and drum music. If
you are proficient in French you will also
find the numerous political commentar-
ies to be of interest.

ENGLISH BROADCASTS FROM AFRICA

Times in GMT
" Frequency Station
hannesburg. Same schedule as

3250 South Africa, Springbok Radio, 9585.

Johannesburg.  Approximately 11920 Ivory Coast, Abidjan. African
2215-0300 sign-off. Pop music and U.S. soul music around
and commercials. 2000.

3316 Sierra Leone, Freetown. 0600 15325 Uganda, Kampala. External ser-
sign-on with pops and rock mu- vice, 1800-1830.
sic, advertisements. 15435 Tanzania, Dar es Salaam. Anti-

3346 Zambia, Lusaka. Gerneral serv- Rhodesian and South African
ice. Sign on at 0350-0530 in En- programming 1730 to 1915 sign-
glish and local languages African off. Often stinging in its criticism
music and news. . of white minority regimes.

3388 South Africa, Radio Five, Jo- 3210 Mozambique, Maputo. Por-
hannesburg. Audible 0300 untit tugese talks and music from
sunrise fade-out. Rock music. 0315.

3396 Rhodesia, Salisbury. Sign on 4765 Congo, Peoples Republic of,
0355 in English. Pop music and Brazzaville.  Sign-on  0400.
ads. Low-key generally but in- French with much native music.
creasingly reminding listeners to Also before 0000 sign off along
prepare for possible wars with East Coast.
neighboring states. 4820 Angola, Luanda. All night. Best

4875 South Africa, SABC, Johannes- after Latin American stations
burg. Sign-on 0300 with pop mu- clear the frequency after 0500.
sic. Identifies as Radio South Portugese talk and local and pop
Africa. music.

4915 Ghana, Accra. Domestic service. 4870 Benin, Cotonou. French lan-
Sign-on 0600. News, commen- guage revolutionary speeches
tary, African music. and slogans. Many mentions of

4990 Nigeria, Lagos. Fade approxi- Cuba and local music. 0415 sign
mately 2130 untit 2305 sign-off, on, occasionally ail night.
also at 0430 sign-on. Authentic 4890 Senegal, Dakar. 0600 sign-on
African music, news and fea- French and native languages
tures. with much exotic local music.

6130 Ghana, Accra. International ser- 4895 Mozambique, Maputo. 0400
vice, untit 2300 sign-off. sign-on. Portugese with talks and

7250 Zambia, Lusaka. Gerieral serv- instrumental music, some En-
ice. Sign-on 0630. Similar pro- glish identifications.
gramming as 3346 kHz outlet. 4905 Chad, N'djamena. 0430 sign-on.

7275 Nigeria, Lagos. Voice of Nigeria French with African music. Also
international  service. News, audible in East at 2200 sign-off.
commentaries, and music from 5038 Central African Empire, Ban-
0600 sign-on. gui. French talks with native and

9585 - South Africa, Radio RSA, Jo- pop music untit 2300 sign-off,
hannesburg. International serv- -also at 0430 sign-on.
ice beamed to North America 5047 Togo, Lome. French talk and
2230-2320. music like Bangui-5038—be

9730 Uganda, Kampala. External ser- careful not to confuse the two! in

: vice. Varied programming and East until 2300 sign-off. Also at
unpredictable news 2030-2100. 0530 sign-on.

11770  Nigeria, Lagos. Voice of Nigeria, 7125 Guinea, Conakry. French and

similar to 7275 kHz, 1800-1930. vernacular languages with Afri-

11800 South Africa, Radio RSA,; Jo- can music all night.
hannesburg. Same schedule as 9535 Angola, Luanda. Sign-on 0500.
9585. Portugese with chanting, African

11900 South Africa, Radio RSA, Jo- and pop music, and talks.
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Senegal's Radiodiffusion du Senegal
puts good signals into North America on
4890 kHz at its 0600 GMT sign on. They
sign on with a melody played on a native
instrument known as the "khora” and
feature its distinctive sound on many of
their musical selections. Much exotic
chanting can be heard as well, along
with some native languages. French an-
nouncements are likely to be the only
things familiar to most listeners.

Two stations often confused by new
SWLs are Radiodiffusion du Togo on
5047 kHz and La Voix de L'Empire Cen-
trafricane (from the former Central Afri-
can Republic, now called Empire) on
5038 kHz. Both stations program in
French with African and pop music. Both
sign off at 2300 GMT and put powerful
signals into the East Coast at that time.
Togo signs on at 0530 GMT, however,
while the Central African Empire starts
operations at 0430 GMT.

Portugal’s Former Colonies. The
shortwave stations of Angola and Mo-
zambique were exciting listening a few
years ago as they gained independence
from Portugal and were racked by inter-
nal conflicts. SWL's could tune in live
political railies with excited speakers
and crowd shouts. Programming slants
varied as different factions gained con-
trol of the broadcasting stations.

The situation is more stable now. An-
gola's Radio Nacional can be heard at
0500 GMT sign-on in Portugese with
African and pop music, certainly a
change from their former all-night politi-
cal harangues.

Mozambique is also heard in Por-
tugese with much guitar music on 4895
kHz at 0400 GMT sign-on. Fortunately
for SWL's, Radio Mozambique also has
some English station identifications.
DXers seeking a challenge can shoot for
Radio Mozambique's 3210 kHz outlet,
which is sometimes heard past 0315
GMT with similar programming. Both
Angola and Mozambique are quiet now,
but alert SWL's should keep abreast of
African events which could offer excel-
lent listening possibilities.

The above advice could be applied
equally well to any station in Africa. Not
only does shortwave allow you to hear
news direct from the source, but it also
sometimes permits you to hear news in
progress. There have been cases where
SWLU's have heard live gunfire in the
background of African shortwave broad-
casts! And given the highly explosive
nature of certain sections of the conti-
nent, that sound might be heard again.
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DETECTOR

Listen toa

NEW WORLD OF
SOUNDS WITH |
ULTRASONIC

XPLORING the world of ultrasonic
sound-——which lies above approxi-
mately 20 kHz—can be exciting and
educational. Here is a frequency spec-
trum beyond human hearing where
many insects and rodents communicate
with each other, where sounds from
leaks in pressurized gas lines occur, etc.
The inexpensive circuits presented
here convert these ultrasonic sounds to
audio frequencies, enabling anyone to
hear them. Also included is a simple ul-
trasonic transmitter circuit that will en-
hance your ability to probe this interest-
ing electronics area.

An Ultrasonic Receiver. The sche-
matic diagram of a heterodyne-type ul-
trasonic receiver is shown in Fig. 1. This
receiver hyterodynes ultrasonic signals
with those from an internal oscillator,
converting them to audible frequencies
for reproduction by a dynamic speaker.
Thus, it allows you to “hear” any signals
it detects.
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Piezoelectric transducer TR1 con-
verts ultrasonic waves impinging upon it
into ac waveforms which are applied to
the noninverting input of operational am-
plifier IC1A. Because a single-ended
power supply is used, resistors R1 and
A2 bias the noninverting input to one-
half the supply voltage. Resistor R3, ef-
fectively connected across TR1 by elec-
trolytic capacitor C1, damps the trans-
ducer’'s resonant response and broad-
ens its bandwidth. At dc, R5 provides
100% negative feedback to stabilize the
operating point. At signal frequencies of
interest, the gain of /IC1Ais 60 dB for the
values givenin Fig. 1.

wwWw americanradiohistorv com

BY BRIAN DANCE

Inexpensive detector
converts ultrasonic

sounds from insects,
compressed gas leaks, etc.,
| to an audio output.

The output of IC1A is directly coupled
to op amp IC1B, a similar amplifier
stage. The voltage gain of /IC1B, about
43.5 dB with the component values
specified, is somewhat lower than that of
the preceding stage. Signals at the out-
put of /C1B are capacitively coupled by
C5to diodes D1 and D2.

Also applied to the diodes is the out-
put of an ultrasonic oscillator comprising
IC3 and its related components. The fre-
quency of this oscillator is determined by
the setting of potentiometer R12 and the
capacitance of C9, which is chosen so
that the oscillator output corresponds to
the resonant frequency of the transduc-
er. (Transducers are readily available
from surplus dealers with resonant fre-
quencies ranging from 22 to 44 kHz.)

The two diodes form a nonlinear net-
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Fig. 1. An ultrasonic receiver, where incoming signals heterodyne
with those from the local oscillator to produce an audible output.

C1.C8—10-pF. 25-V tantalum
C2.C4.C6.C7—0.1-pF disc ceramic
C3—0.01-pwF disc ceramic
C5-—0.005-pF disc ceramic
C9—180-pF (or 330-pF) disc ceramic. poly-
styrene. glass or silver-mica (see text)
C10—0.003-pF disc ceramic
C11—0.05-pF disc ceramic
C12—50-pF, 25-V electrolytic
D1.D2—1IN914 signal diode
IC1—TBA231 dual op amp (see note)

work. Hence, when signals from the os-
cillator and the op amp are applied, they
heterodyne with each other. If IC3 oscil-
lates at a frequency fairly close to that of
an ultrasonic wave detected by TR1?, an
audible beat signal will appear at the
cathode of D2 at a frequency equal to
the difference between the two ultrason-
ic frequencies. The process is similar to
that performed in a conventional super-
heterodyne r-f receiver. The beat note,
which can be tuned by adjusting R12, is
amplified by IC2, an audio IC, to a level
sufficient to drive the dynamic speaker.
Potentiometer A9 serves as an audio
gain control.

An Ultrasonic Transmitter will
help you explore the ultrascnic region
more fully. A suitable design is shown
schematically in Fig. 2. The circuit is
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PARTS LIST FORFIG. 1

1C2—1.M386 audio amplifier

IC3—CD4001 quad 2-input NOR gate

The following fixed resistors are
10% carbon composition:

R1,R2.R5—150.000 ohms

R3—1000 ohms

R4, R6—150 ohms

R7.R11-—-22,000 ohms

R&—330,000 ohms

R10—470.000 ohms

R13—10 ohms

Ya-W,

similar to the local oscillator stage in the
receiver, but the previously unused
fourth gate in the 4001 is employed to
provide push-pull drive for transducer
TR2. The output frequency is variable by
means of R3. The capacitance of C1
should be chosen so that the nominal
oscillating frequency corresponds to the
resonance of the transducer. As was the
case with C9 in the receiver, C1 should
be 180 pF if 44-kHz transducers are
used, or it should be 330 pF for use with
22-kHz transducers.

Construction. Either printed circuit or
perforated board can be used to dupli-
cate the transmitter and receiver cir-
cuits. Parts placement is not especially
critical. The use of sockets or Molex Sol-
dercons is recommended when mount-
ing the IC’'s on the boards. Be sure to

wwWw americanradiohistorv com

R9— [0.000-0ohm lincar-taper potentiometer

R 12--20.000-0hm linear-taper potentiometer

SPKR—8-0ohm dynamic speaker

TR 1—Piezoelectric ultrasonic transducer

Misc.—Printed circuit or perforated board:
suitable enclosure: hook-up wire; dc power
source; machine hardware: etc.

Note-—The TBA231 dual op amp is imported
from the U.K. by SG-ATES Semiconductor
Corp.. 435 Newtonville. MA 02160 (Tel:
617-969-1610).

observe normal precautions when han-
dling the CMOS devices. Install polar-
ized capacitors and semiconductors
with due regard for polarity and pin bas-
ing. Batteries are well suited to power
the transmitter and receiver circuits.
Note that. when transmitter switch S7 is
in the OFF position, the output states of
IC1's gates are frozen The quiescent
current drain of the circuit is so small
that no power switch is necessary. If a
battery supply is used with the receiver,
however. an spst power switch should
be used to disconnect the circuit from
the supply when it is not being operated.

Use. Receiver potentiometer R12tunes
the circuit across a limited portion of the
ultrasonic frequency range. Apply power
and adjust audio gain control R9 until
some noise 1S heard through the speak-
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OKYOU'VE
THE B AIED FOR

UNDERSANDING

CH

CULPUTERS

AND SMALL COMPUTER
SYSTEMS
Here, at Iast is a profusely illustrated,
easy-reading, “must” book explaining funda-
mental concepts behind operation of
almost all mlcrocomputers .in simple
English. .. giving you that extra knowledge
to read and understand computer magazines
and manufacturer’s literature . .. and feel
‘at home” around computers. Th|ngs like:
B How a CPU is organized; how it follows
sequences of orders to solve problems
W lllustrates basic instructions from
almost every microcomputer Bl Discusses
common memory addressing modes —
illustrates typical uses H What to know to
tell a computer what to do when using
machine language programming Wl Use of
flow charts; program worksheets; hand
assembly of source codes into object codes;
memory maps; purpose of Editor,
Assembler, Monitor.

| Hardcover $14.95. Paperbiack

W How a computer communicates
B Commonly used 1/0 devices and
operational concepts WM Practical aspects of
selecting a small computer system W Plus,
hundreds of other practical facts and
information! If you're curious about small
computers, you must own this 300 page
no-nonsense easy-reading text. Includes
easy-to-use glossary of key microcomputer-
oriented words.
UNDERSTANDING MICROCOMPUTERS. The
name says it all! Only $9.95
Order your copy today!

SCELEI COMPUTER
(ONSULTING INC,

P.0. Box 133 — PP STN, Dept. PE
Milford. CT 06460
Prices shown for North American customers.
Master Charge, VISA, Postal and Bank Money
Orders preferred. Personal checks delay shipping
up to 4 weeks. Pricing, specifications, avail-
ability sub{'_ect to change without notice.
IMPORTANT! Include 75¢ postage/handling for
each book delivered by U.S. Mail; or $2 for
each book shipped via UPS,

CIRCLE NO 41 ON FREE INFORMATION CARD
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er. Then rub the palms of your hands in
front of TR1. The receiver will detect the
ultrasonic energy from the rubbing.

You will notice that TR1 has a very di-
rectional response. This is due to the
fact that ultrasonics have very short
wavelengths (compared to those at au-
dio frequencies) and are thus subject to
less diffraction at the edges of large ob-
jects. Also, ultrasonic waves behave like
light waves in that they tend to travel in
straight lines.

It's interesting to note that if coupling
capacitor C10 in the receiver is discon-
nected from the diode mixer, the receiv-
er will still detect ultrasonic signals if
more than one frequency is present. The
frequencies present at the input will beat
against each other to produce an audi-
ble output. This can be verified by re-
peating the palm-rubbing experiment
described earlier after the coupling ca-
pacitor has been disconnected. The
speaker will still generate an audio out-
put even though no local oscillator signal
is being injected into the diode mixer.

If an ultrasonic wave generated by
transmitter transducer TR2 now im-
pinges upon TR1, the random noise re-
produced by the speaker will drop to a
low level. No tone will be heard because
only one frequency is applied to the mix-
er. Stray coupling that allows a portion of
the local oscillator output to reach the
mixer will create an audible beat.

When the receiver and transmitter are
operating in the same room, a signal will
be heard as R12 tunes the receiver

s -

'

3 =
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across its range. The two transducers
do not have to be directly facing each
other if enough hard surfaces in the
room reflect the ultrasonic waves, and
the room s not so large that it introduces
excessive signal attenuation.

The circuits presented have been suc-
cessfully used with ultrasonic transduc-
ers from many different sources, includ-
ing those used in television receiver re-
mote control accessories. Of course, if
you want to tune in several ultrasonic
“bands,"” you can use a multiple-pole ro-
tary switch to select the appropriate
transducer and its corresponding oscil-
lator capacitance. Experimentation indi-
cates that the receiver can “hear” the
transmitter at distances up to 125 feet if
the transducers are aimed at each other.
The use of a suitable parabolic reflector
in tandem with TR1 and/or multiple driv-
en transmitter transducers should result
in even greater useful range.

Other Suggestions. We have al-
ready mentioned the possibility of using
these circuits for signalling purposes.
Many other practicai applications exist.
For example, leaks in the rubber sealing
of car doors and windows or in the seal-
ing of a freezer door. The transmitter is
placed in the car or freezer and fills the
interior with ultrasonic waves. The walls
of the interior reflect the waves to create
a wide dispersion of ultrasonic energy. If
the receiver's transducer is moved over
the exterior, a tone will be heard when-
ever it passes any leaks. &

o

Fiy. 2 Thiswlbrasonie branemitter employs four NOR gatea.

PARTS LIST FOR FIG. 2

Cl—18U-pl’ (or 330-pF) dise cotamiv, poly-
styrene, plass or gilver mica capacitor

BT OO0 guad dual-input MOR gate

B 1 — 20 000 -chmne 103, 400 1esd stor

B2 23 000-chm 105, 4-W resistor

& RI—Hei-ohm Imc—a'r-Tapc'r potentiameter
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¥
B1- -Bpdr switeh

TRI—Pezoeleciric ulirasonis transdweer

Misc.—Printcd circuit or pepforated board.
stitable enclosure; hook-up wire, de power
source; machine hardware | @,
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Micro-

BY FORREST M. MIMS

PROCESSOR

MICROCOURSE

HUS FAR in this series, we have

covered the basics of number sys-
tems, digital logic and microprocessor
organization. We have also introduced
PIP-2, a simple 4-bit educational micro-
processor, and learned how it's organ-
ized and programmed.

Now let's take a detailed look at the
control section of PIP-2. We will see how
instructions are fetched from the pro-
gram memory, decoded and executed.
We will also learn how to revise PIP-2's
instruction set by modifying the microin-
structions stored in control's ROM.

PIP-2's Contro! Section. The most
important and complex section of a mi-
croprocessor is its control circuitry. This
is the element that fetches instructions
from the microprocessor's memory in
the proper sequence, then decodes and
executes the instructions.

The overall operation of the control
section is a perfectly synchronized se-
quence of individual operations that
fetch  instructions, transfer data,
advance counters and perform arith-
metic operations.

The control section responds to a load
instruction, for example, by simultan-
eously connecting the memory address
containing the data word to be loaded
(the source) and the input of the appro-
priate register (the destination) to the mi-
croprocessor’'s bidirectional bus. The
control then sends a clock pulse to the
register to complete the load operation
and proceeds to fetch the next in-
struction.

While all this might seem extremely
complicated to the unititiated, it's really
quite simple since the program instruc-
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tion is merely a binary bit pattern that
can be interpreted by the control section
to perform a specific task. In simplest
terms, the control section is no more
complicated (at least in principle) than
the decoder circuit that lights up the
proper segments of a seven-segment
display in response to a binary-coded
decimal (BCD) input nibble.

The heart of the control section of
some MICroprocessors is a complex
combinational network of gates that de-
codes program instructions and acti-
vates the appropriate control inputs of
the various sections of the processor.
More advanced microprocessors em-
ploy a special ROM that contains the se-
quences of microinstruct:ons necessary
to accomplish each program instruction.
These so-called microprogrammable
microprocessors are much more ver-
satile since their instruction sets can be
extensively revised by simply modifying
the microinstructions stored in the ROM.

|—.‘BUS\1

PART 5: THE CONTROL SECTION
OF PIP-2.

PIP-2, the educationa!l microproces-
sor we've been studying, is micropro-
grammable and the block diagram
shown in Fig. 1 illustrates the general or-
ganization of PIP-2's control section.
You might want to refer back to Part 4 of
this series to see how control interfaces
with the remainder of PIP-2.

A detailed breakdown of PIP-2's con-
trol, including the organization of the mi-
croprogrammable ROM coniaining the
microinstructions, the micrcinstruction
decoders and the clock, is shown in Fig.
2. We will now discuss each part of the
control section.

Clock. The clock is a relatively simple
but vital part of CONTROL since it pro-
vides the synchronized trair of pulses
that cycle PIP-2 through a pregram. The
clock’'s output is said to be two-phase
since it supplies two streams of pulses
having identical frequency but different
phases from outputs ¢ 1 and ¢ 2. Fig-

I
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Fig. 1. Organization of the PIP-2 control section.
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CONTROL BUS

ure 3 shows the timing diagram for these
two clock signals.

The clock has two control inputs. A
low at C/S applied by pressing the
START switch starts the clock. A low at
C/D applied by pressing STOP, or by a
signal from the microinstruction decoder
(activated by a HLT instruction in the
program), disables the clock.

Instruction Register and Micro-
program Counter. This is a 4-bit
counter that doubles as a 4-bit register.
It receives the op-codes from the pro-
gram memory, which are actually control
ROM addresses, and feeds them into
the control ROM address decoder.

Signals from clock phase @1 incre-
ment the instruction register and cause it
to step through a sequence of ad-
dresses in the control ROM, much like
PIP-2's program counter steps through
addresses in the program memory when
executing a program. That's why the in-
struction register can also be called a
microprogram counter.
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The instruction register has a couple
of other control inputs. When IR/W is
low, a ¢ 2 pulse from the clock writes
the instruction on PIP-2's address/data
bus into the instruction register. When
IR/C is low, the instruction register is
clearedto 0000.

Control ROM Address Decoder.
This is simply a 1-of-16 decoder that ac-
tivates appropriate addresses in the
control ROM in response to the data in
the instruction register. When the nibble
0000, for example, is in the instruction
register, the first address in the control
ROM is selected.

Control ROM. This is a 128-bit ROM
organized as sixteen 8-bit bytes. Each
byte is assigned a unique address (0000
to 1111) and comprises a single microin-
struction. As shown in Fig. 2, the control
ROM is loaded with microroutines (se-
quences of microinstructions) for six
separate program instructions. As we'll
soon see, these microroutines can be
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easily changed by simply reprogram-
ming the ROM.

Microinstruction Decoders. Con-
trol has a pair of 1-of-8 decoders
(Source and Destination), and a single
1-of-4 decoder (Operation). The select-
ed output of each decoder goes low
while the remaining outputs stay high.

These decoders convert the microin-
structions encoded in the selected ROM
address into the appropriate operations
necessary to execute the microinstruc-
tion. As you can see in Fig. 2, the control
ROM is divided into sixteen 8-bit bytes.
The first two bits of each byte are fed
into the operation decoder. The next
three bits go to the source decoder and
the final three bits go to the destination
decoder.

The outputs from the three decoders
and from the clock form PIP-2's control
bus. The outputs of the source decoder
go to the read (R) control inputs of the
various sections of PIP-2. The outputs of
the destination decoder go to the write
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www.americanradiohistory.com

(W) control inputs of the various sec-
tions. And the outputs of the operation
decoder go to the special operation con-
trol inputs, clock disable (C/D) and pro-
gram counter increment (PC/I).

Note that several outputs of the
source and destination decoders and
two outputs from the operation decoder
are not used. This means that additional
circuits (maybe a C register, perhaps an
arithmetic-logic unit) can be connected
to PIP-2's address data bus. These lines
may also be used to control external de-
vices. In both cases, of course, new mi-
croinstructions would have to be added
to the control ROM to activate the new
circuits.

Note also how the bit pattern stored in
the ROM activates the decoders. Ad-
dress 0001, for example, contains the
microinstruction 00001001. Let's divide
this byte into each of the three bit fields
applied to the decoders and see what
happens:

Operation field

Source field
v Destination field

00 001 o001

The operation field (00) does nothing
since it activates the unconnected 0 out-
put of the operation decoder.

The source field (001) activates the 1
output of the source decoder. This ap-
plies a low to RAM/R.

The destination field (001) activates
the 1 output of the destination decoder.
This applies a low to IR/W.

The result? The output of the program
memory (RAM) and the input of the in-
struction register (IR) are simultaneous-
ly connected to the address/data bus,
and the arrival of the next ¢ 2 pulse from
the clock loads the instruction register
with the selected instruction op-code in
the program memory.

Now that we know something about
each of the sections of PIP-2's contrcl
and how an individual microinstruction is
executed, let's see how control fetches
and executes an instruction from the
program memory.

Fetching and Executing. Under-
standing how control fetches (retrieves)
an instruction from the program memory
and then executes it will take you a long
way toward understanding how real mi-
croprocessors work. You might find it
handy to have Part 4 of the Microcourse
available since we'll be referring to
PIP-2's instruction set mnemonics and
op-codes.
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Let's assume the first instruction in the
program memory (address 0000) is
LDA. This is a memory reference in-
struction that is followed by a 4-bit data
nibble in the next program memory ad-
dress. When executed, LDA will load the
A register with the data nibble in pro-
gram memory address 0001.

After the program containing the LDA
instruction is loaded into the program
memory, the INITIATE switch is pressed
to return the program counter to pro-
gram memory address 0000. The in-
struction register doubles as a micropro-
gram counter and pressing INITIATE
clears it to 0000 also.

The two microinstructions that com-
prise NOP occupy the first two bytes of
the control ROM. When START is
pressed, the first clock pulse advances
the combination instruction register/
microprogram counter to the second
NOP microinstruction (control ROM ad-
dress 0001).

What's the byte stored in this ad-
dress? Figure 2 shows that this microin-
struction is 00001001—which activates
the RAM/R and IR/W control inputs dis-
cussed earlier. When the ¢ 2 clock
pulse arrives, the instruction register

advanced to the next address in the pro-
gram memory (which contains the data
nibble to be loaded into the A register).
Signal ¢ 2 is a do-nothing clock pulse
since there is no data located on the ad-
dress/data bus.

The third ¢ 1 clock pulse advances
the instruction register to the second mi-
croinstruction in the LDA microroutine
(control ROM address 0011). This mi-
croinstruction (00001010) applies lows
to RAM/R and A/W. When clock pulse
¢ 2 arrives, the A register copies the
contents of the data nibble following the
LDA op-code in the program memory.

Now that the A register has been load-
ed with the specified data nibble, the
most important part of the LDA instruc-
tion has been accomplished. The re-
maining two microinstructions fetch the
next step from the program memory.

The fourth ¢ 1 clock pulse advances
the instruction register to LDA microin-
struction 01000000. This increments the
program counter to the next address in
the program memory (0011). The next
¢ 2 clock pulse is another do-nothing
pulse. The fifth ¢ 1 clock pulse ad-
vances the instruction register to the fi-
nal LDA microinstruction, 00001001.

CLOCK

$2

Fig. 3. Timing diagram of the PIP-2 two-phase clock.

copies the op-code of the instruction in
program memory address 0000. The op-
code for LDA is 0001, so in this case the
instruction register doesn’t change
states. (What would happen if the op-
codewas 1011 0r01017?)

Thus far, all of control's operations
have been preprogrammed and com-
pletely automatic with the specific goal
of fetching the first instruction from the
program memory. What happens next?

Recall that the op-code for each in-
struction is a binary number that is 0001
tess than the starting address of the mi-
croroutine in the control ROM that exe-
cutes the instruction. When the next ¢ 1
clock pulse arrives, the instruction regis-
ter advances to the first microinstruction
in the LDA microroutine and things start
to happen. Let's follow the various steps
in the execution of the LDA microroutine
to see how.

The first LDA microinstruction (Fig. 2)
is 01000000. Only the PC/! control input
is activated; the program counter is

wwWw americanradiohistorv com

This loads the op-code of the next in-
struction in the program memory into the
instruction register.

All the steps necessary to execute
LDA appear rather complicated at first.
But if you'll browse back through the
preceeding paragraphs again you'll see
that LDA, like all of PIP-2's instructions,
is merely a collection of very simple op-
erations neatly strung together by the
¢ 1 and ¢ 2 pulses from the clock. Fig-
ure 4 is a sequence of diagrams that
shows exactly what happens.

Summing Up Control. Now that
you've seen how PIP-2 fetches, de-
codes and executes an instruction, you
can better appreciate the sophistication
of control. You can even think of control
as a simple microprocessor inside
PIP-2. The control ROM contains the
program, the instruction register serves
as the program counter and the microin-
struction decoders implement the vari-
ous instructions.
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The Table summarizes the microrou-
tines necessary to execute each PIP-2
instruction. In addition to the mnemonics
and their op-codes, the table contains
the entire truth table of the control ROM.
It also shows the operations that take
place for each microinstruction.

Microprogramming PIP-2. Look
back at the table of microroutines for a
moment. Notice how often the fetch op-
erations PC/l and RAM/R-»IR/W oc-
cur? Remove these microinstructions
from the table and we're left with only
five additional microinstructions.
Obviously there are more possible mi-
croinstructions than just these seven. All
that's necessary to arrive at a new mi-
croinstruction is to place one source and
one or more destinations on the address
data bus. Here are some possibilities:
A/R—»IR/W
A/R—»PC/W
B/R—» IR/W
B/R—» PC/W
B/R—» A/W
RAM/R—> B/W
ADD/R—»B/W
ADD/R—» PC/W
ADD/R— IR/W
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Of course these are only some of the
additional microinstructions that are
possible. All sorts of possibilities open
up if we activate more than one destina-
tion device. For example, RAM/R—»
A/W;B/W,PC/W.

it we assume that you have assem-
bled a working version of PIP-2, it's quite
possible the original instruction set will
not fill your requirements. If that's the
case, you can substitute new microin-
structions to devise your own special in-
struction set.

Suppose you want to replace LDA
with LDB (load the B register). All you
have to do is find the LDA microroutine
in the control ROM and reprogram the
byte that loads the A register (address
0011) so that the B register is loaded in-
stead. The original byte is 00001010.
The new byte is 00001011. The remain-
ing bytes are unchanged. The op-code
for LDA becomes the op-code for LDB
since we haven’'t changed the location of
the microroutine in the control ROM.

You can use this same procedure to
microprogram other new instructions
into PIP-2. Just remember these points:

1. Be sure to assign the correct op-
code to each new instruction. Remem-
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ber, the op-code is a binary number that
is 0001 Jess than the first address of the
microroutine in the control ROM.

2. If necessary, be sure to include the
appropriate fetch microinstructions in
each new microroutine so the next in-
struction in the program memory will be
retrieved.

3. Be sure the microinstruction at the
0001 address in the control ROM is al-
ways 00001001. This is necessary since
this microinstruction plays a key role in
fetching the first instruction from the pro-
gram memory during PIP-2's automatic
start sequence.

4. Plan ahead! Are you eliminating an
existing instruction(s) you might need
later? Does the control ROM have room
for the new instruction(s)? Are there any
possible programming shortcuts you
can use to implement instructions not in
the control ROM?

5. Document your work so you'll know
what you've done.

Don't let these simple precautions
stop you from having a go at micropro-
gramming PIP-2! Some of the possibili-
ties are very interesting.

For example, an instruction that loads
the program counter with the contents of

POPULAR ELECTRONICS
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PIP-2'S MICROROUTINES

Program Memory Control ROM Operation
Address Microroutine
Mnemonic OP-Code op S D
NOP 1111 0000 01 000 000 | PC/H
0001 00 001 001 RAM/R—» 1R/W
LDA 0001 0010 01 000 000 | PC/i )
0011 00 001 010 | RAM/R—>» A/W
0100 01 000 000 | PC/I
0101 00 001 001 RAM/R—» IR/W
ADD o1 0110 00 100 010 | ADD/R—>A/W
o111 01 000 000 | PC/!
1000 00 001 001 RAM/R—»IR/W
JMP 1000 1001 01 000 000 | PC/I
1010 00 001 100 | RAM/R—>»PC/W
1011 00 001 001 RAM/R—» IR/W
MOV 1011 1100 00 010 011 | A/R—=>B/W
1101 o1 000 000 | PC/I
1110 00 001 001 RAM/R—»1R/W
HLT 1110 111 11 000 000 | C/D

the A register permits the program to
branch to an address specified by the
result of an addition. This procedure is
called indirect addressing. It gives a mi-
croprocessor the ability to branch to one
of several possible addresses in its pro-
gram memory depending upon the re-
sults of an earlier operation.

Here's one possible microroutine that

performs the indirect addressing opera-
tion we've been discussing:

Microinstruction Operation
oP S D*

00 100 100 | ADD/R->»PC/W
00 001 001 | RAM/R—>»IR/W
* OP - operation. S = source; D - destina-

tion decoders.

Since the second microinstruction of
this microroutine is the same as the sec-
ond microinstruction of NOP in PIP-2's
original instruction set, we can easily
substitute it for NOP. We just reprogram
the first address in the control ROM with
00100100 and assign NOP's op-code to
the new instruction.

For convenience, it's nice to assign a
mnemonic to the new instruction. Since
the instruction is an indirect jump, one
possibility is JMI. You might want to be
more specific since other indirect jump
instructions are possible. Since thisis a
“JUMP INDIRECT TO ADDRESS IN A
a better mnemonic might be JiA.

Now that you know how PIP-2 is mi-
croprogrammed, how about adding a
new instruction or two on your own?
With a little care you just might come up
with an instruction set that's better.

Summing Up. If you've stayed with
the course, you should have a fairly re-
spectable knowledge of some of the fun-
damental basics of microprocessors. To
be sure, real microprocessors are far
more sophisticated than PIP-2. But

PIP-2 has prepared you to move up to
real microprocessors.
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Performance you can count on. A professional
312 digit DMM Kit, |ncred|bly prlced under $70.
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The amazing Sabtronics 2000 is the choice of both professionals
and hobbists. It’s the only portable/bench DMM that offers so
much performance for the astonishingly low price of $69.95.

You get basic DVC accuracy of 0.1% + 1digit; 5 functions
giving 28 ranges; readings to * 1999 with 100% overrange;
overrange indication; input overload protection; automatic
polarity; and automatic zeroing.

The all-solid-state Model 2000 incorporates a single LS| circuit
and high-quality components. Our clear, step-by-step manual
simplifies assembly. Complete kit includes a high-impact case.

Guarantee: Examine the 2000 DMM kit for 10 days. If not
completely satisfied, return unassembled for full refund of
purchase price (less shipping and handling).
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BRIEF SPECIFICATIONS

DC voits in 5 ranges: 100 pV to 1kV ® AC volts in 5 ranges:

100 uV to 1 kV e DCcurrent in 6 ranges: 100nA to2 A ¢ AC
current in 6 ranges: 100 nA to 2 A ¢ Resistance: 0.12to 20 M@
in 6 ranges ® AC frequency response: 40 Hz to 50 kHz ¢
Display: 0.36’' (3.1 mm) 7-segment LED ¢ Input impedance:
10 M2 e Size: 8'' W x 6.5 Dx 3" H (203 x 165 x 76 mm) ¢
Power requirment: 4 *‘C’’ cells (not included).

Order Your Model 2000 Kit Now. Use your Master Charge or
Visa or send $69.95 plus $5.00* per unit shipping and handling.
Texas residents add sales tax. *(U.S.A. only. Canada, $6.50; all

other countries, $19.00. Airmait.) -
sabtronics

INTERNATIONAL INC.
13426 FLOYD CIRCLE, #PE » DALLAS, TEXAS 75243 USA « 214/783-0994

Fig. 5. In this circuit,
the inputs of an op amp
are connected across the
branches of an RC Wein
bridge with the output
furnishing ac drive.

Vrer (172 Vee)

with the output furnishing ac drive to the network. The result is
a simple and reliable audio oscillator. The circuit’s frequency
of operation is established by the component values in the se-
ries and parallel RC arms according to the equation f= 1/(2w
RC). For operation at, say, 1 kHz, the two “R” resistors might
have values of 16,000 ohms each, while the two “C" capaci-
tors could be 0.01- wF units. Other RC combinations could be
used for the same frequency of operation, of course, as long
as the basic equation is satisfied, but, as a general rule, it is
best to stick with standard off-the-shelf values. The Wien
bridge oscillator can be duplicated quite easily and inexpen-
sively in the home laboratory. It can be assembled as a stand-
alone circuit for experimental tests or, if preferred, incorporat-
ed as a circuit element in more complex designs, such as mu-
sical instruments or test equipment. The two diodes are gen-
eral-purpose types while the specified op amp is one section
74

of atype LM148. A quad device, the LM148 is essentially four
standard type 741 op amps in a single 14-pin DIP and, if de-
sired, a single type 741 unit can be used in the circuit without
changing component values. Except for the 5,000-ohm ad-
justment potentiometer, the resistors may be either Y4-or Y2-
watt types, while the tuning capacitors should be high quality,
low-voltage ceramic or plastic film types. The dc source volt-
age (V¢c) may range from 4.5 to as high as 16.0 volts, but the
input reference voltage (Vref) should be set at one-half the
source voltage for optimum performance.

Another type of bridge circuit suitable for experimenter and
hobbyist solid-state projects is illustrated in Fig. 6. Here, a
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Fig. 6. Power amplifier bridge configuration.
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We’ve made the 3
impossible AGAIN.:
A superior
frequency counter
kit for only $89.95

Now you can forget about price/performance trade-offs when
you select a frequency counter. In Sabtronics’ Model 8100 kit
you get all the characteristics of a much higher-priced counter
for only $89.95.

This frequency counter, employing LS| technology, has the
performance and input characteristics you demand: guaranteed
frequency range of 20 Hz to 100 MHz; selectable hi/lo
impedance; superior sensitivity; selectable resolution and
selectable attenuation. Plus an accurate time base with
excellent stability. An 8-digit LED display features floating
decimal point, leading zero suppression and overflow indicator.
You would expect to find all these features only on high-priced
instruments -- or from Sabtronics’ advanced digital technology.
Available July 15.
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BRIEF SPECIFICATIONS:

*Frequency Range: 20 Hz to 100 MHz guaranteed, (10Hz to 120
MHz typical) » Sensitivity: 25 mV RMS, 20 Hz to 70 MHz (20
mV typical); 45 mV RMS, 70 MHz to 120 MHz (30 mV typical) ¢
Selectable Impedance: 1M ! /25 pF or 50() e Attenuation: X1,
X10 or X100 » Accuracy: + 1 Hz plus time base accuracy ¢
Aging Rate: + 5 ppm/yr « Temperature Stability: + 10 ppm,
0° to 50° C ¢ Resolution: 0.1 Hz, 1 Hz, 10 Hz selectable ¢
Display: 8-digit LED, floating DP, overflow indicator ¢
Overload Protection ¢ Power Requirement: 8-15 VDC.
To order your Model 8100 Frequency Counter: Use your Master
Charge or Visa, or send $89.95 plus $5.00* shipping and
handling per kit. Texas residents add sales tax.

(*U.S.A. only; Canada, $6.50; all other countries, $19.00 airmail)
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loudspeaker load (AL) is “bridged” between the outputs of
two integrated circuit power amplifiers to achieve a power out-
put nearly twice that available from a simple amplifier. The in-
put signal is coupled simultaneously to the noninverting (+)
input terminal (pin 1) of one amplifier through a 10-pF dc
blocking capacitor and to the inverting (—) input terminal (pin
2) of the second amplifier through a 1-ohm series isolation re-
sistor and a 220-uF dc blocking capacitor. Used alone in a
single-ended arrangement, each amplifier is capable of deliv-
ering approximately 8 watts to a low-impedance load when
operated on a 14.4-volt dc power source. In the bridge con-
figuration, the pair of amplifiers can deliver 15 watts to a com-
parable load when operated on a similar dc source.

With neither layout nor lead dress overly critical, the bridge
audio amplifier circuit can be assembled using chassis con-
struction or either perf or pc board assembly techniques, as
preferred. Good audio wiring practice should be followed, of
course, with the signal-carrying leads kept short and direct
and ample spacing between the input and output leads. Ex-
cept for the 100,000-ohm balance control, all resistors are
half-watt types. Capacitors marked with polarity symbols are
electrolytics, others are low-voltage ceramic or plastic film
types. The semiconductor amplifiers should be attached to an
adequate common ground heat sink by their metal tabs.

Assembled in small plastic packages with extended metal
mounting tab/heat sinks, the (Motorola) TDA2002 devices are
8-watt monolithic silicon class-B power amplifiers designed
primarily for automotive and general purpose applications.
Each device features internal thermal overload and supply
over-voltage protection as well as short-circuit current limiting.
JULY 1978

The TDA2002 may be used on dc supply voltages from 8 to
18 volts and deliver intermittent peak currents of up to 4.5A.
As a general rule, the higher the supply voitage in a given cir-
cuit, the larger the maximum output power up to the device
maximum ratings.

Reader’s Circuit. Guy Isabel (1725, Henri-Bourassa East
Blvd., Apt. 25 Montreal, Quebec, H2C 1J5, Canada) uses the
simple burglar alarm circuit shown in Fig. 7 in his own home. It
includes a lantern battery, a spst power lock switch, an alarm
device such as a heavy-duty bell, a medium-current silicon
controlled rectifier, a capacitor and a group of normally open
(NO) spst magnetic switches, S7 through SN. The required
capacitor value will vary somewhat with the gate sensitivity of
the SCR used but, generally, will range from 0.05 w.F to about
0.5 uF although a small electrolytic of 1 to 5 wF may be need-
ed in some installations. In practice, the magnetic switches
are mounted to protect doors, windows and other access
openings, arranged to close when the door or window is
opened, and wired in parallel.

Fig. 7. Burglar alarm uses sensors in parallel.
75
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The circuit draws virtually no current from the battery when
in a “stand-by" condition with the on/off switch closed. If any
door or window is opened, closing the corresponding reed
switch, however, C1 will charge and this current surge will fire
SCR1, sounding the atarm. Once SCR1 switches to a con-
ducting state, the control switches have no effect and the
alarm will continue to sound until the battery runs down or until
the system is reset by opening the power/reset switch.

Guy's design, while simple, fairly refiable, and offering the
user a virtually zero stand-by current drain, does suffer from
two disadvantages. First, the control switches are wired in
parallel, requiring two wires to be run to every switch. Second,
the circuit is not “fail safe.” That is, if an accidental (or deliber-
ate) break should occur in the wiring to the control switches,
the system will offer reduced or zero protection. Most com-
mercial burglar alarm systems employ a “supervised" alarm
line . . . i.e, onein which a small current flows at all times,
so that any break (as by a burglar cutting wires) will result in
an alarm.

Fig. 8. Burglar
alarm with
supervised
line for

“fail safe”’
operation.

A “fail safe”” design using virtually the same number of com-
ponents is illustrated in Fig. 8. Here, normally closed magnetic
switches are used to protect the access openings and these
(S1 to SN) are wired in series, requiring a single lead alarm
line. A current-limiting resistor (R7) is needed, but, generally,
C1is no longer required and may be eliminated (as shown by
the dotted line connection). A half-watt resistor, R1's value will
depend on the gate sensitivity of SCR1. If the device requires,
say, only 1 mA to fire, a 10,000-ohm resistor may by used, as-
suming a 12-volt battery. The stand-by current drain can be
determined by dividing the battery voltage by R1's value.

In operation, a small current flows through R and the con-
trol line circuit whenever the system is switched on but the
control line effectively shorts out the SCR's gate voltage and
this device remains in a nonconducting state. If there is a
break in the line, however, whether caused by an open switch
or someone cutting the line, gate current is applied to the SCR
through R1, firing this device and sounding the alarm. As be-
fore, once the SCR has fired, the alarm will continue to sound
until the battery is exhausted or until the system is reset by
opening the on/off switch.

With either circuit, care must be taken when choosing the
alarm device, whether a bell, buzzer, siren or gong. If this is
an “interrupter” type electromechanical unit, it may be possi-
ble for an intruder to silence the alarm, once activated, simply
by restoring the control line circuit to its normal standby condi-
tion (i.e., either opening or closing the appropriate switch, de-
pending on which circuit is used). This problem may be avoid-
ed by shunting the alarm device with a small resistor of ade-
quate value to maintain the SCR’s sustaining current even
when the alarm device interrupts the normal current flow.

Another DVM. The ink was barely dry on our March column
describing digital meter circuits when the National Semicon-
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ductor Corporation (2900 Semiconductor Drive, Santa Clara,
CA 95051) announced a new 3V-digit, 0.5 inch high LED dis-
play designed especially for instrumentation applications, in-
cluding power supply readouts, multimeters and digital panel
meters. Designated type NSB5388, the new common-cath-
ode multiplexed GaAsP display is compatible with National's
own ADD3501 DVM chip as well as with comparable chips of-
fered by other manufacturers, and car be connected easily by
PCB type terminals on the edge of the device. Featuring sep-
arate access to its plus/minus sign and decimal points, the
display offers a digit light intensity rated, typically, at 1.6 mcd
at 10 mA per segment peak current.

Device/Product News. Motorola Semiconductor Prod-
ucts, Inc. (Box 20912, Phoenix, AZ 85036) has announced its
entry into the “BIFET" operational amplifier market with a line
of twelve devices, all based on the generic LF155A type. The
LF155/255/355 series offer low supply current requirements;
the LF156/256/356 group, a 5-MHz gain-bandwidth at a high-
er current; and the decompensated LF157/257/357, a 20-
MHz gain-bandwidth.

The Intel Corporation (3065 Bowers Ave., Santa Clara, CA
95051) has introduced a new family of HMOS 4096x1-bit fully-
static random-access memories. Identified as the 2141 se-
ries, the family includes seven types providing four speed ver-
sions and three low-power selections. Requiring only a frac-
tion of the power of conventional MOS static RAM’s, the new
devices offer maximum access times ranging from 120 to 250
ns, with minimum cycle times equalling the maximum access
times. Assembled in 18-pin DIP’s, all seven units use a single
+5V, —10% dc power source and are directly compatible with
TTL on all inputs and outputs.

Raytheon's Semiconductor Division (350 Ellis Street,
Mountain View, CA 94040) has announced a new high-perfor-
mance dual operational amplifier. Designated type 4559, the
new unit is specified for use in audio systems, data modems,
telecommunications equipment, function generators, and sim-
ilar equipment. Guaranteed to be unity gain stable, the 4559
has a minimum unity gain bandwidth of 3.0 MHz, a slew rate
of 1.5 V/ps equalization, a noise voltage of only 2.0 wV rms
maximum and a full power bandwidth of 25 kHz.

Fairchild’s Semiconductor Products Group (464 Ellis Street,
Mountain View, CA 94042) is now offering a new series of
inexpensive 3-terminal, half-amp voltage regulators. Identified
as the pA78C family, the devices are offered in the special
packages with heat sink tabs which may be used as direct re-
placements for units assembled in standard TO-202 pack-
ages. Nine voltage options of the regulator are available as
stock items: 8,10, 12,15, 17, 18, 20, 22 and 24 volts.

RCA’s Solid State Division (Box 3200, Somerville, NJ
08876) is now producing the first multiple-technology dual-
voltage comparators available from the semiconductor indus-
try. The CA3290 series of BIMOS dual comparators feature
two independent single- or dual-supply voltage comparators
on a monolithic chip and a high common-mode input voltage
range, making then well suited for applications in long-time-
delay circuits, square-wave generators, A/D converters, and
high-source-impedance voltage comparators. Gate-protected
MOS/FET transistors in the input circuit provide very high im-
put impedances (1.7 terohm typical), extremely low input cur-
rents (3.5 pA typical at +5 V), and high-speed performance.
With a dc supply voltage range of from 4 to 36 V, the devices
are compatible with TTL, DTL, ECL, MOS, and CMOS logic
systems. Different versions of the CA3290 family are avail-
able in TO-5 cans, 14-lead DIP’s and 8-lead MiniDIP’s. O
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DERIVING 60 Hz

Q. How do clock chip manufacturers
obtain an accurate 60-Hz timing sig-
nal from a 3.579545-MHz crystal? The
nearest frequency that permits the
use of a decent dividing network
seems to be 3.6000 MHz. —George
Rogers, Waynesboro, VA.

A. The key word in your question is “de-
cent.” | assume you mean that the near-
est frequency which can be divided by a
nice round number is 3.6 MHz. You are
correct—applying a signal at that fre-
quency to four successive decade coun-
ters and one =6 counter (or a +3 stage
and a simple flip-flop which divides by
two) will result in an output at exactly 60
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By John McVeigh
Hz. However, semiconductor manufac-
turers have chosen a different route.
Shown in Fig. A is the block diagram
of National Semiconductor's MM5369
oscillator/17-stage programmable divid-
er IC. The programmable modulus of the
counter can vary from 10,000 to 98,000.
If a 3.579545-MHz quartz crystal is con-
nected to the IC and tuned (via a small
trimmer capacitor) to oscillate at exactly
that frequency, the MM5369 will pro-
duce a 60.0000838-Hz output—accord-
ing to my calculator—when the coun-
ter's modulus is 59,659. The output
waveform for this combination of oscilla-
tor frequency and counter modulus is
shown in Fig. B.

A
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Now, why use a 3.579545-MHz crys-
tal and a modulus of 59,6597 | suspect
that the reason is that high-quality crys-
tals at that frequency have been mass-
produced for years. Every color televi-
sion contains one because that is the
frequency of the chroma subcarrier. The
chroma oscillator is locked to that at the
transmitter by PLL techniques.

The use of feedback via gates permits
a designer to obtain nonstandard moduli
such as 3, 5, 7, 9, etc. The 7490 bi-qui-
nary counter with a +5 stage as well as
a =2 flip-flop is a good example of this.
Combining such feedback with presetta-
ble counters via LS| technology enables
manufacturers to produce such sophisti-
cated counters as the MM5369 at rea-
sonable cost. Apparently, producing
such counters and combining them with
mass-produced color TV crystals was
found to be more economical than using
IC counters having standard moduli
teamed up with quartz crystals that os-
cillate at “nice, round” frequencies but
that were not being mass-produced.

—
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BUZZING DIODES

Q. My stereo system includes a sepa-
rate tuner and amplifier. | am ex-
periencing heavy interference when
the tuner is in the AM mode. There’s
an awful buzz clear across the band
which only the strongest signals can
overcome. Investigating the problem
with a small transistor radio, | discov-
ered that the amplifier is the source
of the noise. Also, the noise signal is
very strong near the tuner’s ferrite
rod antenna—whether the tuner is
plugged into the ac outlet or not.
Both components’ chassis are
grounded to a ground rod. What
causes this, and what can be done to
eliminate it? —David Shoulders, Eu-
gene, OR.

A. | suspect that the interference is be-
ing caused by transients in the amplifi-
er's power supply. When an ac voltage
is applied to a silicon diode, the diode

+V

1
I
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does not conduct exactly for one half-
cycle and then shut off for the other half-
cycle. Rather, a silicon diode will not be-
gin to conduct until the barrier potential
at the diode junction (about 0.6 volt) is
overcome. Also, the diode is a very non-
linear device, especially at the knee (the
region in which it starts to conduct) of its
characteristic curve.

As a result, turn-on and turn-off tran-
sients are generated near the 0° and
180° points in the sinusoidal cycle.
These transients are rich in interference-
causing harmonics of the line frequency.
| suspect that they are being radiated by
wiring in the amplifier and perhaps by
the line cord. The reason the signals are
stronger near your tuner's ferrite rod AM
antenna is transformer action. Mutual
coupling between the two ferrite anten-
nas causes signals picked up by the tun-
er's coil to be passed to that in the tran-
sistor radio.

The diode transients can be dealt with
by installing 0.1-.F disc ceramic capaci-
tors on both sides of each diode as
shown in the figure. Here, a full-wave
center-tapped power supply is shown. If
a dual polarity supply is used, repeat the
procedure for the negative supply. If a
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full-wave bridge rectifier is employed, in-
stall bypass capacitors at each corner of
the bridge. The capacitive reactance of
these components is too high to inter-
fere with the rectifying action of the pow-
er supply.

All chassis in the system should be
well grounded to a good earth ground.
You mentioned that both components
are grounded. That's good—but beware
of hum-producing ground loops. If sepa-
rate grounding wires are attached from
each chassis to earth ground, no con-
ductors should run from one chassis to
the next. The shields of signal cables, if
connected to a chassis at each end of
the cable, will cause a loop to occur be-
tween the already grounded chassis.
Such a ground loop can cause hum
problems, but not the “buzz” you have
described. Look to the amplifier's power
supply for the source of that signal.

Have a problem or question on cCircuitry, compo-
nents, parts availability, etc? Send it to the Hobby
Scene Editor, POPULAR ELECTRONICS, One Park
Ave., New York, N.Y. 10016. Though all letters can't
be answered individually, those with wide interest
will be published.
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Advanced Electronic Career

ANNOUNCING
... A New
CREI Program:

computer &
Microprocessor

Technology
. Including A
Microprocessor

Laboratory

Now you can learn at home
the new technology that is
revolutionizing electronics

wWwWwW americanradiohistorv com

The microprocessor has ushered in the
age of microtechnology and electronics
will never again be the same. The micro-
processor has made possible the placing
of an entire computer on a silicon chip
one quarter inch square. The microproc-
essor “‘miracle chip™ is in the process of
changing the world. Soon all technical
personnel in electronics will have to un-
derstand and work with the microproc-
essor. It is invading virtually every area
of electronics. And it is profoundly affect-
ing your electronics career.

Brand New
Program

CREI has a brand new program to help
you learn how to work effectively with
this revolutionary electronics develop-
ment. CREI's new program in Minicom-
puter and Microprocessor Technology is
designed to prepare you for this field by
giving you the education and practical
experience you need.

The program provides solid prepara-
tion in electronics engineering technol-
ogy with a specialization in minicomput-
ers and microprocessors. In addition,
it includes a microprocessor laboratory
which features a fully programmable
microcomputer which utilizes the Mo-
torola 6802 microprocessor chip. This
is an extremely important element of
your program.

Programming
Essential

As you may well know, you must learn
how to program the microprocessor in
order to design, service or troubleshoot
microprocessor electronic systems.
There is only one effective way to learn
this all-important skill of programming,
and that is by actually doing it. CREI's
new program gives you this opportunity
as you work with the exciting micro-
processor laboratory.

Programming
Is Easy

With CREI's new program, learning the
skill of programming is simple. Within a
few hours you'll be programming the
microprocessor and in a short time you'll
learn how to program it in three lan-
guages: BASIC, assembly and machine
languages. In addition, you will learn
how to interface the microprocessor
with other systems and to test and debug
specialized programs.

POPULAR ELECTRONICS
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Preparation at Home

Wide Choice
of Programs

Please note. however. that CREI's new
program is only one of 16 state-of-the-
art programs in advanced electronic
technology offered by CREL. So even if
you choose not to specialize in micro-
processor technology. CREI has an ad-
vanced electronics program to meet your
needs.

With CREI. vou may choose from any
of the following areas of specialization in
advanced electronics:

Microprocessor Technology
Computer Engineering
Communications Engineering
Digital Communications
Electronic Systems
Automatic Controls

Industrial Electronics
Television Engineering
Microwave Engineering
Cable Television

Radar and Sonar

Nuclear Instrumentation
Satellite Communications
Aeronautical and Navigational
Solid State Theory

Nuclear Engineering

Unique Lab

Program

Anexclusive option available with CREI
programs in electronic engineering tech-
nology is CREI's unique Electronic De-
sign Laboratory program. It gives you
actual experience in designing practical
electronic circuits. 1t also helps you
to understand the theories of advanced
electronics and gives you extensive ex-
perience in such areas as tests and mea-
surements. breadboarding.  prototype
construction, circuit operation and be-
havior. characteristics  of electronics
components and how to apply integrated
circuits. Only CREI ofters this unique
[.ab Program.

Practical

Engineering

CREI programs give you a practical en-
gineering knowledge of electronics. That
is. cach part of your training is planned
for your “use on the job.” By using your
training. you reinforce the learning proc-
ess. And by demonstrating your in-
creased knowledge to your employer,
you may qualify for taster carcer ad-
vancement.
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Free Book

There isn’t room here to give you all of
the facts about career opportunities in
advanced electronics and how CREI
prepares you for them. So we invite you
to send for our free catalog. This fully
illustrated. 56 page book describes in
detail the programs. equipment and serv-
ices of CREI.

Qualifications

You may be eligible to take a1 CREI
college-level program in electronics if
you are a high school graduate (or the
true equivalent) and have previous train-
ing or experience in electronics. Program
arrangements are available depending
upon whether you have extensive or
minimum experience in electronics.

Send for this FREE Book
describing your opportunities
and CREI college-level
programs in electronics

ﬂ“mnmﬂw‘

E

ENGI

Mail card or write describing qualifications to

ONIC |

NEERING TECHNOLOGY

CRE! Introduces
Program 680
MINICOMPUTER B
MICROPROCESSOR
TECHHOLOGY

mo LACHAG MBSO FIDPROCE 3508
e LR AT CHYY PR OGRAM

CRFIROL
A
WAL R PN
RTTRITE

Gl Bill
CREI mrograms

CAPITOL are approved
RADIO tfor traming of
ENGINEERIN G veterans add
servicemen under
INSTITUTE the G.d. BAl.
McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue Northwest
Washington, D.C. 20016 :: 1‘1’
Accredited Member National Home Study Council Tl
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By Forrest M. Mims

DIGITAL TO ANALOG CONVERTERS, PART 1

LMOST any electronic circuit can

be classified as either analog or
digital. Analog circuits are those in which
the signal voltages present may be at
any level between low and high ex-
tremes determined by the power supply.
Many analog circuits are known as lin-
ear circuits since they produce an output
directly proportional to an input signal
over a limited range of amplitude and
frequency. Digital circuits are, on the
other hand, those in which signals can

D/A Conversion. Let's suppose that
you've built a simple digital controller cir-
cuit that will turn individual lamps in an
array on and off in any pattern you spec-
ify. The brain of the controller is a semi-
conductor memory that you can pro-
gram with the desired information. How
would you use your controller to adjust
the brightness of a single lamp without
modifying the controller circuitry?

The solution to this problem is a digi-
tal-to-analog (D/A) converter. The D/A

p2)
DIGITAL c DIGITAL=TO—~ANRLOG |
CONTROLLER 8 . CONVERTER
A oUTPUT
ouTPUT VOLTHGE

SUs

Fig. 1. Connecting digital controller to D/A converter.

assume only one of two distinct levels.
Typically, one is at or near ground po-
tential and the other near the power-
supply voltage. In TTL digita! integrated
circuits, the two voltage levels are a low
of a few tenths of a volt and a high of
about 3.3 to 5.0 volts.

Although an amazing variety of circuit
functions can be performed using only
analog or digital techniques, some ap-
plications can only be accomplished by
combining the two methods. Some ex-
amples of combining analog and digital
techniques are the digital voltmeter,
speech recognition circuitry, sophisticat-
ed motor-speed controllers, digital data
transmission and many kinds of comput-
er output circuits for controlling elec-
tromechanical devices like solenoids.

ceast R
SIGNIFICANT
8/7T R /2
R/
R
Mos T 7o
SIGNIERINT op #mP
BIT

Fig. 2. Simple 4-bit
D/A converter using
resistor ladder.
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converter is connected directly to the
controller's output and adjusted to pro-
duce an output voltage proportional to
the controller's binary output. Figure 1
shows how the controller is connected to
the D/A converter.

There are several ways to design a
D/A converter circuit, but the most com-
mon uses a resistor network followed by
one or more operational amplifiers. Fig-
ure 2 shows a simple, 4-bit D/A convert-
er that uses a ladder-like network of par-
altel input resistors. The values of the re-
sistors are determined by their binary
weighting factors. A 4-bit input has
binary weighting factors of 23 (8,,), 22
(440), 2'(2,6) and 20 (1,,). If the lowest
order (29) resistance is R, then the val-
ues are R, R/2, R/4 and R/8.

Though the circuit shown in Fig. 2 is
very simple, it has two major drawbacks.
First, it's difficult (at the hobbyist level) to
find resistors having the precise resis-
tances that are required. Second, the re-
sistance values become spread over a
very wide range for a relatively small
number of input bits. Thus, for a 10-bit
D/A converter, the input resistors must
range from R to R/1024. The digital cir-
cuit connected to the D/A converter, of-
ten a chain of flip-flops or gates, must be
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able to supply a wide range of currents
(high currents for low resistances and
low currents for high resistances).

The problems of the D/A converter in
Fig. 2 can be solved by increasing the
number of resistors in the ladder net-
work. The result is the R-2R ladder net-
work shown in Fig. 3. As you can see,
the ladder resistors have values of R

LERS v
SYENIFICANT
8/7

Fig. 3. R-2R resistor
ladder network
for D/A converter.

and 2R. This means only two readily
available resistance values are required.
It's possible to use a single value if
you're willing to connect two R resistors
in series to obtain the 2R values.

D/A Conversion Demonstrator. If
you're serious about electronics ex-
perimentation and want to stay abreast
of the latest developments, you should
assemble a D/A demonstration circuit
like the one shown in Fig. 4. This circuit
is the basis for the practical D/A con-
verter we'll discuss later.

The demonstrator circuit uses four
spdt switches to achieve a 4-bit input.
There’s nothing improper about a me-
chanically switched binary output. Many
real-world circuits use them. Most D/A
converters, however, are connected di-
rectly to a digital circuit that provides a
binary output.

You can test the operation of the D/A
converter by connecting a voltmeter
across its output while switching in vari-
ous binary outputs. Since we're using a
9-volt battery as a reference voltage and
since there are sixteen possible input
combinations, the output voltage should
range from 0 volts to slightly under 9
volts in increments of 9/16 volt.

Here are the actual voltages mea-
sured with the demonstrator circuit:

POPULAR ELECTRONICS
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Binary In Voltage Out  sponse of the circuit is reasonably lin- MDM

0000 .00 ear, even though | used 10% tolerance WAREHOUSE SALES
0001 57 resistors. Commercial D/A converters

0010 1.12 are made with resistors having toler- (13 DIRECT TO PUBLIC 1)
0011 1.69 ances of 1% or better. When very close HOT STUFF
0100 219 tolerances are necessary for super- CALL TOLL FREE

o101 276 accurate D/A converters, a pulsed laser 800-631-2175

0110 3.32 is used to vaporize minute portions of FOR ORDERS & PRICE QUOTES

GDPIONEEIT

.
Taloood

—_/—1 2k Least Significant Bit—

o111 3.89 the carbon or metal-film resistive ele-
1000 4.50 ments until the exact values required are . LARGEST SELECTION -
1001 5.06 obtained. B LOWEST PRICED ANYWHERE O
1010 5.60 It's handy to be able to predict in . RECEIVERS TURNTABLES TUNERS
1011 6.15 advance the analog voltage output fora ] ::;‘!K;:éx . wpr::mss Hu:moc:s
1100 6.69 specific input bit pattern. The weighting —Ra (onugs J;’"S&g:‘
1101 7.78 factors for our 4-bit network are: ‘ - ALL COMPONENTS
1110 7.82
111 8.40 Most Significant Bit— Bl SHIPPED IMMEDIATELY
23— 1/2 Reference Voltage B IN FACTORY SEALED CARTONS
The output of the circuit is plotted on a 2-1/4 g [ LUL m&;:r:‘l:r‘:cmms
graph in Fig. 5. As you can see, the re- 21=1/8 " " =

2 20— 1/16 Reference Voltage f‘[ 539]
5 e t'cw‘ 7
To calculate the analog output, simply ] RT’ '7’0”7” :PMOT;J o ALTO.
e mu‘ltiply the reference vo.Itage.by the - REVERSE STEREO TAPE DECK %
weighting factor for each bit portion with TR 7% 3% LIST $575 00
o+ Ree
a1 and sum the products. Thus 1100 is: - C
s T = 1—1/2 x 9 = 4.50 T EA 5
— 0— o0 0 | - Deck with Dolby System
0— 0 0 [ ]
A 6.75 volts B
[
. v The calculated analog output, 6.75 volts, | [}
L_M B AMoST SIGNIFICANT BIT is only 0.06 volt higher than the value | i
A~ LEAST SISNIFICANT BIT measured with the prototype circuit. -
Fig. 4. D/A demonstrator circuit. That's an error of less than 1%! o | qanw GT 55
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CB Scene

INSIDE A SIDEBAND CLUB

HE WHISPERS started as soon as |

entered a meeting room where
some 75 CB single sidebanders were
gathered for a weekly meeting in an
Eastern-US town: “Is he from the FCC?”
Finally confronted openly, | assured at-
tendees that | wasn't, displaying my PE
business card and a copy of the latest is-
sue to prove it.

Suspicions allayed, members candid-
ly discussed their club and “hobby™ with
me. According to “call sign” numbers
assigned, | was told, there are about
2700 sidebanders who belong to this
club, one of many such organizations
around the country. Attempting to ferret
out club officers, | learned that there
were none: no president, vice president,
treasurer or what-have-you. The only ti-
tle (unofficial) was the Master Holder of
the Log (club member #386)—a listing
of club on-the-air numbers that started
with #1 and is said to now be past
#2700. If a member retires, his or her
number is not issued again. In addition
to the numbers, the log contains the
members' first names and the towns in
which they reside. Perhaps 150 mem-
bers are considered to be very active.

In response to my question about the
purpose of the club, members told me
that the reasons are outlined in the
club’s bylaws. They added that there are
no copies of the bylaws available be-
cause they are not written down, simply
passed from one member to another by
word-of-mouth. Essentially they cover
how to break properly, use of Q codes
(which are employed extensively), and
channels “reserved” for their local use
(16 LSB, 18 USB, and 36 to 40 upper
and lower sidebands). Moreover, there
are no club fees.

Listening to these club members
modulating prior to attending a meeting,
it's clear that they are polite—no profane
language whatsoever, a wait of about
three or four seconds before keying a
mike in the event a breaker wants to an-
nounce himself, and so on. It's equally
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clear that FCC call signs are not used
and that the five-minute talk limit prohibi-
tion is not followed.

“Does anyone here use a linear?"” lin-
nocently asked. After a spate of “What's
a linear?” responses, | learned that ev-
eryone used either a linear or an over-
powered basic rig. Power is the name of
the game. But DX'ing is not! In fact, club
members are so unhappy about pur-
poseful incoming long-distance trans-
missions, that they expressed a wish
that there were some channels set aside
by the FCC just for this use so that those
who like this form of CB communications
would stay away from the local chan-
nels. Most skip in this eastern locale
comes from Texas and Oklahoma, they
told me.

Every area has its equipment favor-
ites. In this club, it was certain Cobra,
Courier and President CB models.
“They use the same Signetics PLL chip
and a fine pc board . .. we've got it down
pat on how to adjust the rigs for higher
power.” No one, it seems, uses stock
models here. Interestingly, many club
members use amateur radio gear.
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tion immediately switches the system to
channel 9, at which time, a tiny LED
comes on at the channel-9 position of

Virtually all of the club members said
they own both a mobile and a base sta-
tion. In many cases, the base was origi-
nally the first SSB mobile purchased,
with addition of a power supply. Also, it
was claimed that more than 95 percent
of the club members had 40-channel
rigs, even if they “rolied their own” in
one way or another.

Many of the members own beam an-
tennas so that they can really reach out.
The most popular ones cited were:
Avanti's “Moonraker 1V” and “PDL-11,”
and Wilson’s Y Quad.” Antenna Spe-
cialists’ “Super Scanner” was very pop-
ular, too, though more for its omni-
switched position than for its beam ap-
plication. Shakespeare’'s “Big Stick”
was a special favorite among omni’'s at
the club. The K-40 mobile was held in
high regard here.

One member (#2584) is a long-time
ham, claiming a General license. To
prove it, he whipped out his amateur li-
cense, which drew some gasps from fel-
low members because it listed his sur-
name, which is information rarely issued
to even club members. He participates
in training club members for their ama-
teur radio license, mostly the Novice, he
said. “About 70 percent of the sideband-
ers are trying to become hams.”

The club members don’t use call signs
on the air because most of them operate
contrary to some of the FCC rules and
regulations. Only first names (no han-
dles) and club numbers are employed.
Also, when using AM they find it neces-
sary to key the mike and get in quickly. If
legal call signs were used, it would be
impossible to “break” in the area, they
say. The majority of members operate
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GUARANTEED AND {NSURED.

SAVE ON NAME BRANDS LIKE:

PIONEER SANSU!
KENWOOD DYNACO
| SHURE SONY
MARANTZ KOSS
AND MORE THAN 50 OTHERS
BUY THE MODERN WAY
BY MAIL - FROM
|

audio

12 East Delaware

Chicago, lllinois 60611
312-664-0020
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above channel 40 when the assigned
channels are too noisey. “Sliders” are
de rigueur.

There are national CB clubs that spe-
cialize in long-distance communications,
it was pointed out. The Whiskey Club
was cited as an example. The illegal call
sign for this club starts with the number
that represents the order in which the
state that the CB'er resides in joined the
Union, followed by a W, followed by an
assigned number. Another illegal DX
club is the Echo club from Germany.
Both clubs are said to form networks di-
rectly above Channel 40's frequency.

Typical CB communication range with
the rigs used in this group is said to be:
mobile-to-mobile, 10 miles; mobile-to-
base, 15 miles; base-to-base with om-
nidirectional antennas, 20 to 25 miles,
with beams, 25 to 50 miles. All club }
members agreed that during traffic rush
hour, it's impossible to communicate
more than a mile or so from a mobile.

Asked how much cooperation they get
from AM'ers on the channels they
carved out for themselves, they said that |
most AM'ers cooperate. The few that
don't are “wiped out” by using transmit
sliders to put out signals on top of them.

“The people are really nice,” was the
most common reason given for working

BEST IN NEW ELE CS BOOKS!
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O The of Teleph A ies. 432 p.. 215 il. $9.95
[J Instafl Electronic in Cars, Boals Planes.Trucks & RY's. 364 p.$7. 95
[] The BASIC Cookbook. 140 p. $4.95

[ How to Repair Yideo Games. 270 p., 182 il. $7.95
(1 Beginner's Gde.-Designing/Building Trans. Radios. 140 p. $4.95
[ 101 Practical Uses for Propane Torches. 140 p.. 98 1. $3. 95
{J Towers' International FET Selector, 140 p. $4.95

[ How to Design/Build Electr. Instrumentation. 420 p., 210 il. $9. 95
{7 Automotive Air Conditioning Handbook. 280., 157 il. $6.95
[ How to Repair Movie & Slide Projectors. 304 p.. 270 il.  $7.95
[ Closeo-Circuit TV Instil., Mainten., & Repair. 304 p., 220 il. $8.95
O3 Understanding Sound, Video & Film Recording. 140 p., 74il. $5.95
OJ Build-1t Book of Solar Heating Projects. 196 p.. 111il.  $4.95
[ Hdbk. of Solar Flare Monitoring/Propag. Forecasting. 196 p. $6.95
1 57 Practical Programs & Games in BASIC. 210 p., 611 il. $7.95
[ Beginner's Guide to Microprocessors. 182 p., 106 il. $5.95
[ Hearing Aid Handbook. 432 p., 224 il. $8.95
[ cMoS Databook. 280 p.. 270 il $6.95
[ Master OP-AMP Applications Handbook. 476 p., 320 il. $9.95
(] Miniprocessors: From Calculators to Computers. 196 p.. 67il. $5.95
[J Complete Hdbk. of Public Address Sound Systems. 272 p. $7.95
(3 Modern Transistor Radios. 64 p., 112 il. $2.50
[ Microwave Oven Service & Repair. 420 p., 210 il. $9.95
[ IC Function Locator. 224 p. $5.95
) Hdbk. of Marine Electronic/Etectrical Systems. 546 p., 338 il. $9.95
[ Solid-State Motor Controls. 322 p., 162 il. $8.95
[ Master Handbook of Ham Radio Circuits. 392 p., 301 it $8.95
[ How to Completely Secure Your Home. 224 p., 162 il. $5.95

) Towers' International Transistor Selector. 200 p.. 179 il.  $6.95
O Ham Radio Incentive Licensing Guide. 154 p., 70 il. $4.95
m] Programminz Microprocessors. 280 p.. 102 il. $6.95

(] The “Compulator” Book —Build Super Calculators/Minicomputer
Hardware with Calculator Chips. 322 p.. 227 il. $7.95
[ Master Transistor/IC Substitution Handbook. 518 p.. 165 il. $7.95
(] Modern Crystal Radios (Make and Use Series). 64 p., 101 il.52.50
[ Home-Brew HF/VHF Antenna Handbook. 210 p., 143il.  $5.85
[J CBer's Handy Manual of SSB. 80 p., 42 il. $2.25
[ Beginner's Gde.-Making Electronic Gadgets. 140 p.. 113 il. $4.95
[ Modern Digital Communications. 308 p., 122 il. $6.95
[ Microprocessor Progr.-Computer Hobbyists. 378 p., 219 il. $8.95 H
O lilus. Dict.-Broadcast — CATY —Telecommunications. 420 p. $8.95
[ Linear IC Applications Handbook. 280 p.. 183 il. $6.95
3 Build-1t Book of Optoelectronic Projects. 238 p., 175il.  $5.95
[ Photo Guide to AM/FM Stereo Repair. 288 p.. 281 il. $6.95
[ Servicing Medical & Rioelectronic Equipment. 350 p.. 165 it. $8.95
[ How to Use AF & RF Signal Generators. 238 p.. 162 il.  $5.95
D Model Railroad Electronics. 308 p.. 218 it. $5.95
[J The ABC Book of Hi-Fi/Audio Projects. 182 p., 131 il $4.95
[ Complete Hdbk. of Electrical/House Wiring. 476 p., 197 il. $6.95
[ 88 Practical Op Amp Circuits You Can Build. 140 p.. 120 il. $4.95
[ How to Build Metal/Treasure Locators. 140 p., 60 il. $3.95
Home Audio Systems Schematic/Servicing Manuals. each 200 p.
$5.95¥ol. 1 Capehart, Zenith. [¥ol.2 Channel Master, Coronado,
Hitachi.[ J¥ol. 3 Automatic Radio, Admiral, Midland. Sharp.
SEND MO MONEY! We |l invoice you on 10-DAY FREE TRIAL Ciip
entire ad to order 100% quaranteed or your money refunded

TAB BOOKS &1t

BLUE RIDGE SUMMIT PA 17214 1
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CB sideband. They come from all walks
of life, are mostly adults (30 to 50 years
of age, it seemed to me), and among the
sidebanders present were two physi-
cians, one school teacher, a hospital ad-
ministrator, and an auto-service station
manager. The members all said, too,
that their hobby has motivated them to
learn a lot about electronics. It was es-
timated that a typical sidebander spends
from $2000 to $3000 on CB/amateur ra-
dio gear until the desired mobile and
base systems are owned.

What do they want from the FCC?
“Just for them to let us alone because
we've got the best of all worlds right now
for our hobby,” was one response that
drew agreement from everyone. If there
was a change, they'd like channels as-
signed strictly for SSB use, where AM'-
ers couldn't use them unless a rig was
doctored. SSB'ers and AM'ers are in-
compatible, they noted. Further, they
would like some of their practices legal-
ized, especially higher r-f power than
presently permitted. Members added
that they don't know of any problems
caused by running higher power, stress-
ing that they don’t use illegally high pow-
er between 7 p.m. and midnight, the
most popular TV viewing hours.

Shades of Prohibition days! o
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o
John Slmonton s time -proven
design provides two envelope
generators VCA, VCO & VCF in
a low cost, easy to use package.

Use alone with it' s built-in ribbon
controller or modify to use with guitar,
electronic piano, polytonic keyboards, etc.

The perfect introduction to electronic
music and best of all, the Gnome is only
$48. 95 in easy to assemble kit form. Is
it a.ny wonder why we' ve sold thousands?

(") Send the GNOME MICRO-SYNTHESIZER Kit

($48.95 plus $29 postage) 3
( ) Send FREE CATALOG
 name:
: address:
: eity: state:_____zip:

© BAG/VISA__ MC___ cardno. ,
out outdmailto: (405) 843-9626
5 m 1020 W WILSHIRE OKLAHOMA CITY, OK 73116
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Computer Bits

COMPUTER ARITHMETIC

SK A LAYMAN what a computer

does best and he will probably say
that it is best at computing complicated
mathematical formulas. However, ask
the same question of a hobbyist who
has obtained a computer for the purpose
of mathematical computation and he will
probably say that his machine handles
text much better than numbers. The
truth is that microcomputers have very
little “number crunching” ability built-in.
All that is normally available is addition
and subtraction of 8-bit numbers and
some can’t even subtract directly! Auto-
matic handling of decimal numbers is
frequently provided also, but proper use
of decimal arithmetic is far more com-
plex than the normal binary arithmetic.
As a result of this limited arithmetic ca-
pability, all other mathematical opera-
tions must be broken down into addition
and subtraction of 8-bit numbers.

Arithmetic with integer numbers larger
than the capacity of a computer word is
termed “multiple precision arithmetic”
with “double precision” used to signify
the special case of two-word numbers.
The words (bytes in an 8-bit processor)
forming the number are simply strung
end-to-end. A 24-bit number for exam-
ple would consist of 3 bytes. The left-
most byte is called the “most significant”
or “high” byte, and the rightmost is
called the least significant or “low” byte.
The bytes in the middle, if any, have no
special name.

The most important multiple precision
operations for general computation are
addition, subtraction, multiplication, divi-
sion, comparison, negation, increment-
ing, decrementing, and left and right ro-
tates including the carry flag. Usually the
software necessary to do these opera-
tions is organized into a subroutine
package. Itis a common practice in such
software packages to define “registers”
for multiple precision numbers in main
memory. At |east two registers are typi-
cally needed; the left operand, and the
right operand, quite analogous to the
equivalent operation done on paper.
88

By Hal Chamberlin

The package may be written for a specif-
ic number length such as 32 bits (4
bytes) or the length may be variable and
passed to the subroutines as argu-
ments. Besides the actual arithmetic
subroutines, a “number move” routine is
needed to conveniently move the mul-
tibyte data into and out of the pseudo
registers. With a variable length arith-
metic package, it becomes easy to do
calculations to dozens or even hundreds
of “decimal places” of accuracy in as-
sembly language, which is much better
than any BASIC language system.

Increment and Decrement. incre-
menting and decrementing multiple pre-
cision numbers is probably the simplest
of this type of operation. Assume for the
moment that a 16-bit number, which is
stored as two bytes in memory, is to be
incremented by one. Although some
machines may have an instruction to do
this to a pair of registers, let’s try to do it
directly in memory using a 6502 micro-
processor. For incrementing, the first
step is to increment the least significant
byte directly in memory using the INC in-
struction of the 6502. Next it is neces-
sary to determine if an “overflow” of that
byte occurred. This could normally be
determined by looking at the carry flag
but on the 6502, INC does not change
the carry. Close examination of the over-
flow situation, which only occurs if the
byte was equal to FFis before incre-
menting, will reveal that after the over-
flow the byte will always be zero! There-
fore, the Z-flag can be tested instead. If
an overflow did indeed occur, then the
most significant byte should be incre-
mented; otherwise the job is done. This
procedure can be extended to numbers
of any length by continuing to move left,
byte-by-byte, incrementing as long as
the previous byte overflowed.

Multiple precision decrement is nearly
as easy. First the low byte is examined
to determine if it is zero. If it is not, it is
decremented and the job is finished. If it
is zero, a decrement will cause it to un-
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derfiow. In that case, we decrement it
anyway and then move left to the next
byte and repeat the sequence. When
the most significant byte is reached be-
cause of underflow of all previous bytes,
it is simply decremented without any
testing for zero. Note that these al-
gorithms work equally well for signed
two’s complement multiple precision
numbers.

Add and Subtract. Multiple precision
addition and subtraction are more inter-
esting. These operations require the left
and right operand pseudo registers. The
usual convention is to put the answer
into the left operand register, much like
arithmetic instructions themselves. The
first step in double-precision addition is
to clear the C flag and then, using the
ADC instruction, add the low byte of the
left operand to the low byte of the right
operand and store the resuit back into
the low byte of the left operand. Now,
being careful not to disturb the carry
flag, the ADC instruction is used to add
the high bytes of the two operands
together and store the result in the high
byte of the left operand which completes
the operation. For multiple precision one
continues left adding pairs of bytes
together with the ADC instruction until
the most significant bytes are added.
Quadruple precision addition opera-
tion is shown below. The C-flag is used

Addition of two 4-byte numbers.

02791256 02 79 12 58
+OFE534B3 OF E5 34 B3
125E4709 1% 0eC=0

15 04 1
C=0¢— 012%15E - 047109

to transfer carry information from lesser
significant bytes to more significant
ones. One can actually think of it as add-
ing multiple digit numbers together
where each “digit” is a byte between 0
and 255. The carries are transferred
from digit to digit just like decimal addi-
tion on paper. If care is taken on the re-
turn sequence from the add subroutine,
except for Z, the status flags will correct-
ly indicate the result of the operation just
performed.

For subtraction, one could write a sim-
ilar subroutine using the SBC instruction
on each byte in the numbers. Before
starting, however, it is necessary to set
the C-flag for proper operation. Another
way to do subtraction is to complement
the right operand and then add it to the
left operand using the add subroutine
just described. Usually a complement
routine is needed anyway, so this

POPULAR ELECTRONICS
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scheme can also save some memory.

A two's-complement operation con-
sists of merely inverting the bits of the
number and then incrementing the re-
sult. Thus a multiple-precision comple-
ment routine would invert the bits of
each byte of the right operand and then
call the multiple precision increment rou-
tine described earlier. An exclusive-OR
of a byte with all ones, using an “EOR
#3FF” instruction, is all that is necessary
to invertit.

Comparison. Not all needed multiple-
precision functions are involved with
computing answers, some comparison
operations are necessary also. Probably
the most important of these is a com-
parison with zero since the Z-flag is not
meaningful after a muiltiple-precision
add or subtract. Such a subroutine could
be used to logic-OR all of the bytes in
the number together using the ac-
cumulator. If the result of the OR'ing is
zero, then each byte in the number must
have been zero.

One way to do a signed comparison
between two signed numbers is to sub-
tract them and then see if the result is
negative (right operand is larger), zero,
or positive (left operand is bigger). Be-
sides destroying one of the numbers be-
ing compared, this method suffers from
a subtle pitfall. If the left operand is a
large positive number and the right oper-
and is a large negative number, the sub-
traction can overflow and the compari-
son result will be invalid. The converse
case, right operand positive and left op-
erand negative, creates the same prob-
lem. There is never any possibility of
overflow when the numbers are of like
sign however.

A dedicated comparison subroutine
overcomes both problems. Unlike previ-
ous routines where the operation started
at the right, comparison should start with
the most significant bytes. The first step
is to look at the sign bits. If they differ,
the comparison result is clear already
and any overflow problems are avoided.
If the sign bits are the same, then the
most significant bytes are subtracted but
the result is not stored. If the result of the
subtraction is nonzero, then the out-
come of the comparison is known (nega-
tive means right operand larger, positive
means left operand larger) and a return
can be taken. If the result is zero, then
lesser significant bytes must be sub-
tracted until either a nonzero result is
obtained or the entire number has been
processed. In the latter case, equality
between the two is the conclusion.

JULY 1978

Rotation. Multiple precision rotation is
much like addition in that the C-flag is
used to transfer bits from one byte to the
next. Although a more comprehensive
set is easily written, subroutines to ro-
tate left and right including C are usually
sufficient. The rotate is effectively
changed to a shift if the calling program
clears C before calling multiple rotate.
Rotates by several bit positions are
accomplished by repeated calls to a sin-
gle bit position rotate routine.

For a multiple rotate left, start at the
rightmost byte. The byte is rotated left
with carry by use of the ROL instruction
which puts the old C-flag into bit-zero,
shifts the whole byte left by one, and

puts bit-7 into the C-flag. Following this,
the next byte to the left is rotated in a
similar manner. The C-flag serves to
transfer bit-7 of the low byte into bit-zero
of the next higher byte. This process is

_repeated until the entire number has

been done. Note that in the 6502, all of
the manipulation can be performed di-
rectly in the pseudo register.

Rotate right is the exact opposite of
rotate left. Start with the leftmost byte
and use the ROR instruction on each
lower byte in sequence. Unfortunately,
some early production 6502's were
manufactured without the ROR instruc-
tion. For these, an ROR can be simulat-
ed by doing 8 ROL’s in a row instead. ©

COMPUTER RETAL STORES

I—

— |
CALIFORNIA NEW YORK |
Byte Shop #1 Byte Shop of Long Island

1063 West El Camino Real
Mountain View, California 94040
(415) 969-5464

Rainbow Computing, Inc.
10723 White Oak Avenue
Granada Hills, California 91344
(213) 360-2171

GEORGIA

Datamart, Inc.

3001 North Fulton Drive, NE
Atlanta, Georgia 30305
(404) 266-0336

ILLINOIS

American Microprocessors
Equipment and Supply Corp.
At the Chicagoland Airport
20 North Milwaukee Avenue
Half Day, lllinois 60069
(312- 634-0076

INDIANA

Audio Specialists

415 North Michigan Street
South Bend, Indiana 46601
(219) 234-5001

MICHIGAN

The Computer Mart

1800 West 14 Mile Road
Royal Oak, Michigan 48073
(313) 576-0900

United Microsystems Corp.
2601 South State Street
Ann Arbor, Michigan 48104
(313) 668-6806

NEW JERSEY

Computer Mart of New Jersey
501 Route 27

Iselin, New Jersey 08830
(201) 283-0600

2721 Hempstead Turnpike

(2 blocks East of Wantagh Pkwy.)
Levittown, New York 11756
(516) 731-8116

Readout Computer Stores
6 Winspear Avenue
Buffalo, New York 14214
(716) 835-7750

PENNSYLVANIA

Personal Computer Corp.

Frazer Mall

Lancaster Avenue and Route 352
Frazer, Pennsylvania 19355 |
(215) 647-8463

TEXAS |
Compushop ]
13933 North Central Expressway
Dallas, Texas 75243

(214) 234-3412

KA Electronics Sales
1220 Majesty Drive
Dallas, Texas 75247
(214) 634-7870

The Computer Shop

6812 San Pedro

San Antonio, Texas 78216
(512) 828-0553

VIRGINIA

Computer Systems Store

1984 Chain Bridge Road

McLean (Tysons Corner), Va. 22101
(703) 821-8333

The Computer Hardware Store, Inc.
818 Franklin Street

Alexandria, Virginia 22314

(703) 548-8085

The Computer Workshop of
Northern Virginia

5240 Port Royal Road #203
Springfield, Virginia 22151
(703) 321-9047

Dealers: For information about how to have your store listed in THE MICROCOMPUTER MART,
please contact: POPULAR ELECTRONICS, One Park Ave., New York, N.Y. 10016 » (212) 725-3568.
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Software
e SOUTCES e

8080 Word Processing for iCOM
Floppy. This new text-formatting program
for 8080 microcomputers using iCOM floppy
disks has four ways of indicating the end of a
page. It can mark the end of the page on roll
paper, pause to wait for a new sheetto be in-
serted, and issue a form-feed at the bottom of
the page; or it can exit back to the iCOM
FDOS Il or FDOS IIl operating system. Other
features include: page-top and page-bottom
titing, automatic page numbering, print of se-
lected pages only, text filling, justification, line
centering, line and word underlining, and se-
lectable line spacing. The program comes on
an iCOM-formatted diskette, in hex ASCII ob-

ject format. Input to the program is created
with the text editor, and contains formatting
commands and text. Source code for adriver
for the AJ-841 Selectronics terminal is also
available. Price of the diskette and manual is
$235 (FOB North Hollywood); enhancements
will be available periodically at a nominal fee.
Ortronics, 4753 Irvine Ave., North Hollywood,
CA 91602.

6800 Game of Life. The Game of Life,
in which the computer creates new patterns
of “cell” growth around patterns keyed in by
the user, is now available for 6800 computer
systems. Memory required is less than 2K,
and the program is designed for the SWTPC
6800 computer. Price for complete source
listing and Motorola-format paper tape is
$7.50 with postage and handling, $8.50 for
listing and KC-standard cassette. Write: Ap-
plied Microcomputer Systems, Box 68, Silver
Lake, NH 03875.

TRS-80 and PET Games. Thirteen
games are available on cassette for $2 per
cassette plus the cost of the games them-
selves. Each cassette holds up to 16K, in any
combination of 8K and 4K programs. Games
requiring 4K of memory include: Guess the
Number and Reverse ($1 each); Acey-
Ducey, Hurkle and Mastermind ($2 each);
Craps. Golf, Hammurabi, Lunar Lander (with
2 degrees of freedom) and Wumpus ($3
each). In addition, Life Expectancy, requiring

4K or 8K, is $4, and 8K Football and Star
Trek are $5 each. Apparat, Inc., Box 10324,
Denver, CO 82010.

H8 Cook’s Helper Program.
“Cook's Helper,” written in Extended B.H.
BASIC. includes two programs: Menu pro-
duces menus within stated calorie limits
based on lists of preferred foods. Shopper
rearranges your shopping list in order of the
shelf arrangement of your favorite grocery
store. Tape No. 103.1 with listing and instruc-
tions, $10. Ed-Pro, Inc., 6580 Buckhurst Trail,
Atlanta, GA 30349.

KiM-1 Extended 1/O Monitor. XIM
(Extended 1/0O Monitor) adds 17 commands
(4 are user-defined) to the KIM TTY Monitor.
The new commands can move, compare,
and fill memory blocks, and dump them in
hex or ASCII; enter hex data or ASCI| charac-
ters into RAM from a terminal; calculate rela-
tive branch distances; search for a block of
data; execute programs from a given ad-
dress; or jump back to the KIM monitor.
There is also a breakpoint service routine
which prints the processor status register in
binary for easier troubleshooting. XIM re-
quires less than 1K of memory starting at
2000 hex, and is relocatable. Cassette or pa-
per-tape versions with 45-page manual, $12
and $10 respectively. Pyramid Data Sys-
tems, 6 Terrace Ave., New Egypt, NJ 08533.

EVK-300K

' JULY KIT SALE!

SAVE ON MICROCOMPUTER KITS

Nowonly $299.00
Includes PC board and all MOS and TTL components necessary to as-
semble a complete 6800-hased microcomputer: S6800 MPU, 2K bytes
ROM, 512 bytes EPROM, IK bytes RAM, ACIA with TTYor RS-232C
interface, Tiny Basic on paper tape. ROM resident PROTO monitor,
M/AD micro-assembler/disassembler, and more

MH

Our new Bearcat® 250

EVK-99K

Save on TouchControl™ Kits

.

Added bonus

l can't pass up a sale like this one! Please send me

OEVK-300K [JEVK-99K [OTCK-100

I am enclosing check/money order tor $

Name

Now only $99.00
Includes PC board, S6800 MPU, and $S6800 MOS components only
Add vour own additional components to get the EVK-3000K features

TCK-100 Nowonly$17.50
Includes S9263 TouchControl™ circuit and PC board with 16 tuch
switches etched mto top surface. All interconnections to

M drive LEDs or external circuits included on PC board

Priority channel

has all the fantastic space age features of our super I advertlsed
popular Bearcat® 210, but now we've added:

| | | For more
I information

on

and $3.00 handling
charge. (California residents include appropriate sales tax )

tor true non-moving TouchCantrol switching
free copy of TouchControl
mini-organ schematic diagram

Il kits include assemblv and in
struction manuals and have full 9¢
day warranty from AMI

City/Stawe/7ip

Mail to: AMI. 3800 Homestead Road
Santa Clara CA 95051 ®

|
|
|
|
|
|
|
: Addres
|
|
|
|
|

Atn: Order Entrv Dept.

AMERICAN MICROSYSTEMS. INC
—t
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50 synthesized crysta{less channels I products,
User selectable scanning speeds
Digital time clock—accurate to seconds I eql"pment
Automatic or user controlled squelch I
Search Direction—Search “up” or “down” tested, etc.,
for quicker return to desired frequencies '
Transmission activity counter—tells you circle
how busy each frequency has been '
Search & Store—Will find and “remember” .
up to 64 active frequencies for later recall I approprlate
Direct channel select—Advance directly to a
channel without stepping through interim channels I number
Non volatile memory—No batteries required to
retain memory, even when scanneris unpluggedl on
Auxiliary—On/Off control of equipment (tape
deck, alarms, lights. etc.) when transmissions I .
occur on programmed channels pOStpald

I To reserve your space~age Bearcat® 250 and I

receive your order priority number for spring- Free
I summer delivery, send $389.00 plus $5.00 for U.S.
Information

U.P.S. shipping. Foreign orders invited at slightly
I higher cost. Visa and Master Charge card holders I
may call toll free 800-521-4414 to order. Qutside I
Ithe U.S. and Michigan dial 313-994-4441. To
order by mail or for a free catalog completelyl
describing the fantastic crystalless Bearcat® 250
write: COMMUNICATIONS ELECTRONICS, Box I
I 1002—Dept. 7.Ann Arbor, Michigan 48106 U S A.

L ©1978 Communications Electronics
—— . . . e . ——— —
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Radio Shack: No. 1 Parts Place

Buy Off-the-Shelf! Low Prices! Huge Selection!

Top-quality devices, fully functional, carefully inspected. Guaranteed to turer’s quality control procedures. These are not rejects, not fallouts, not
meet all specifications, both electrically and mechanically. All are made seconds. in fact, there are none better on the market! Always count on
by well-known American manufacturers, and all have to pass manufac- Radio Shack for the finest quality electronic parts.

Linear ICs

By National Semiconductor
and Motorola — first quality

Type Cat No. ONLY
301CN 276-017 49¢
324N 276-1711 1.49
339N 276-1712 1.49
386CN 276-1731 99¢
555CN 276-1723 79¢
556CN 276-1728 1.39

276-1724 1.69
276-1721 1.99
2761740 69¢
276-007 49¢
276-010 49¢
276-1713 99¢
276-1705 99¢
276-1706 1.99
276-038 79¢
276-1701 99¢
276-1702 99¢
276-1770 1.29
2761771 1.29
276-1772 1.29
Computer

Chip

8-Bit Data Bus,
16-Bit Address Bus

80B0A Microprocessor. 100% prime
CPU handles up to 65K bytes memory.
276-2510. Reg. 17.95 Sale 12.95

onus OFE
Oniy 99¢

With Any $5
Parts Purchase

REGULARLY $1.95. Archer® Semiconductor
Reference and Application Handbook. Com-
plete specs and application data on every
Archer semiconductor — display devices, too!

Wire Wrapping Accessories

m i
—

wire. 276-1570
3 14-Pin Wire Wrapping Sockets. 276-1993 2/1.29
& ) 16-Pin Wire Wrapping Sockets. 276-1994 2/1.39
i i FE DIP Header. 16 pins. 276-1980 129
‘ 50 Red 30-ga. Kynar* Wire. 278-501 1.99
50° White 30-ga. Kynar Wire. 278-502 1.99
50" Blue 30-ga. Kynar Wire. 278-503 1.99

IC Sockel Wrapping Tool. Strips and wraps JU-qasuge
7 95

Trim Multi-Purpose Cabinets

1 %@m

RAM Memory IC

m?‘ﬁ&i Access Time

Under 450 nS

2102 1K Static RAM. Low power ver-
sion. 16-pin DIP. Buy 8 and save!
276-2501 .. .. 2.49 Ea. or 8/14.95

46,000 cross-reference/substitution
plus glossary of words, symbols, abbreviations.
276-4002 . . . With Any $5 Parts Purchase, Only 99¢

Offer good at participating Radio Shack stores and dealers

listings
57ax9x47" 270-281

270-282. Reg. 14.95

Low-Profite. Siim-design

TTL and
CMOS Logic ICs

Full-Spec Devices
Direct from
Motorola and
National Semiconductor

Type Cat. NoO ONLY
7400 276-1801 35¢
7402 276-1811 39¢
7404 276-1802 as¢
7406 276-1821 49¢
7410 276-1807 39¢
7413 276-1815 79¢
7420 276-1809 39¢
7427 276-1823 48¢
7432 276-1824 49¢
7441 276-1804 99¢
7447 276-1805 99¢
7448 276-1816 99¢
7451 276-1825 39¢
7473 276-1803 49¢
7474 276-1818 49¢
7475 276-1806 79¢
7476 276-1813 58¢
7485 276-1826 1.19
7486 276-1827 49¢
7490 276-1808 79¢
7492 276-1819 69¢
74123 276-1817 99¢
74145 276-1828 1.19
74150 276-1829 1.39
74154 276-1834 1.29
74192 276-1831 1.19
74183 276-1820 119
74194 276-1832 1.19
74196 276-1833 1.29
4001 276-2401 49¢
4011 276-2411 49¢
4013 276-2413 89¢
4017 276-2417 1.49
4020 276-2420 1.49
4027 276-2427 89¢
4049 276-2449 69¢
4050 276-2450 89¢
4511 276-2447 1.69
4518 276-2490 1.49

LED Digital Displays

igs Size  Drve “Cal No Reg SALE Digits Size Drve  Cat No Reg  SALE
a1 06 Anod 276-056 299 2.29 ®1 03 Anod. 276-1210 4/699 4/5.49
a1 06 Cath 276-066 299 2.29 #@1 03 Cath 276-1211  4/699 4/5.49
L] 03 Anod 276-053 1.99 1.49 g4 05 Anod 276-1201 6.95 4.88
&1 03 Can 276062 199 149 €4 05 Cath. 2761202 695 488

u ~ SALE

X Compact. Makes even your smail projects ook professional.

10.95

—- only 578x11%sx3"2"
e 5 Sale 12.95

Right-Angle
IC Socket

e

Perfect for
Mounting
Digitai
Displays

Really simplifies digital projects!
Mount LED displays for easy viewing
on circuit boards. 14-pin spacing.

276-1985. Reg. 1.49 Sale 99¢

MA1003 Automotive

Clock Module

Just add switches and instalit t2-hour readout,
0.3" digits. 0.5 sec./day accuracy 12vDC

SALE

Time Base Generator. Built-in 10 MHz xtal or
ext. Input. Decade selector. switch. TTL out-
put. Requires 5VDC Reg. $5.99

277-115. (PCB less parts) Sale 3.99

et

Archer® Project-Boards — Predrilied PCB'’s

Fe i |
-
L& ) (@) §

T VMK AT e sy

NEW

5V, 3-Amp Power Supply. Metered oOutput
current, foidback limiting. Remote sensing.
For all 5V TTL projects

277-119 (PCB less parts) 7.95

Shown Built with Recommended Parts and Cases

NEW

277-1003. Reg. 24,95 : Sale 19.95
Full-Wave Mike

Bridge Rectifiers Elements = 2-Foot

4 Mini Test Clips

; -

. il
Y ] [ | i &

(@l , B o o

Dynamic. Tiny yet delivers

® 1-Amp, 50 PIV. Mini DIP fits |80-10.000 Hz response. —65

PCB or 8 and 14-pin sockets [dB. 200 ohms. %ax7s"

276-1161 . .69¢ [270-093 . 1.69 | Red. Reg 1.99

® 6-Amp, 50 PIV. Heavy-duty |Hi-Z Crystal. 50-8000 Hz re- 278-1158 Sale 1.
leads. heat sink mtg hole. sponse -55dB. 17ax1%" Black. Reg. 199
276-1180 .. .. . 270-095 .. 1.39] 278-1159 Sale 1

35vDC
Electrolytic Pak

49 | package of 10 with two of each
value: 4.7. 10, 25, 50 and 100 uF.
449 | PC mounting. 272-1035 2.99

“WHY WAIT FOR MAI
IN STOCK NOW AT OUR STORE NEAR YOU!

Prices may vary at individual stores and dealers

JULY 1978

L ORDER DELIVERY?

adio fhaek

A DIVISION OF TANDY CORPORATION » FORT WORTH, TEXAS 76102
OVER 7000 LOCATIONS IN NINE COUNTRIES
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BUGBOOKS | and It

sroos | WIRE-WRAP KIT — WK-2-W

7400 TTL W Cont Ed i 5 Petar A fomy, David G Lorsen, WBAHY)
b Uﬂ 1nuiny ucation Senes i
il S e e s v non 1 e s e |~ WRAP o STRIP o UNWRAP
SN7400N 1 " (W unchon waih microprocessar systems You  leam 2bout tne basic concents ol & Toal for 30 AWG Wire
SN7401N 18 SNTSTN 29 SN74160N i} \ - digilal siectionics including pates fip-flops latches. buses decodars muit-
740N I TN o SNT4lETH G 1 Dlexers cemultiplesers LED dispiays RAM s AOM s angmuch muchmore | @ ROI Of 50 Ft. White or Blue 30 AWG Wire
SN7403N 18 SN7a7aN 35 SN7AT6N 195 e 50pcs each 1" 2 37 & 4" tengths —
SN7404N 18 SN7475N 49 SN74163N L3 Bx;gogn :“w(:‘lﬂ:y, David G Larsen, WtHYS SS'WF ple?smpped wire ’
2”:; :gzx gg 2’;;:;3: s 33 2:;:::;: gg 11 i Thes volume wil ntrorduce you 10 the fabuiaus UART civp — tat al mportant $1 2 95
interface betwoern dala i IS et ¢ e
SNT407N 2 SN7480N 50 SN7AIGEN 125 G aps and e RS 2920 irtace sandad. Paewany ecommended M
SN740BN 20 SN7482N 99 SN741E7N 195 o for any RTTY enthusast /
g:;m: fg 2:1852: ?3 gm" ;gz ;gg THE §55 TIMER APPLICATIONS $6.95 UGaoox 1 315,00 - WIRE WRAP TOOL WSU-30
7 2 David G Lar WBAHYJ, Jomathan A Thus
SN74TIN % SN7ABBN 35 SNt 125 R hoers W, Beni Wi e e (= WRAP o STRIP » UNWRAP -$6.95
SN7412N 25 SN7489N 175 SN74174N 89 R This book shows yau whal Me 555 HmBe 15 and How ta use It Inciuded are Over  Mare are a senes Of eXpenments in which the reader compietely explores the W|RE wnAP WIRE 30 A G
SN7413N 0 SN7490N a5 SN74175N 79 100 vrous des tecmmaques equstons 10 grapns o crese ey o o0 SORD ch i by i and nroduces. Y0 Lo e Mark B0 microcomsiter. & —_ W
erators " u
oL R e e T M e e oo 4 e e i 2 | 25f.min $1.25 501.$1.95 1001 $2.95 1000 $15.00
SN 2 SN 43 Swatrn 185 |t BUSROTK ¥ a1 STodiparssr| SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black
SN7420N 2 SN7ON 65 swzaison 79 JINSTRUCTORS MANUAL o mmswers auestons 0 YOI G Luren, Pt R homy, Josatman A Tat
SN742IN z SN7ad5N 55 SN741BIN 195 | oxpenmants sugpestons ff father fsaing. hickonby f sumbrs 05 n m:mm n o0l actioncs B8O microcamutr programming 3 WIRE DISPENSER — WD-30
SN7422N 9 SN7496N 65 SN74182N 79 | digral etectroncs A must for sel teaching aomduals e am e aooreach o satustted | o 50 ft. roll 30 AWG KYNAR wire wrap wire $3.95 ea.
SN742IN 25 SN7497N 300 SN74184N 195 | OF ANMP MANUAL by Howard M. Berlin W3HE $9.00 basic digdl electromics. dreadboarding and BOBDA imiertacing/programming
SN7425N 2 SN24100N 8 SNTA1BSN 195 Moy pupenment guice to W.L,m of operational ampiters Over 25 expen mb:o;ﬁ'mr:‘-;'xx:‘;ﬁ"ﬁ%ux ﬁ:'::‘zm VD:‘V(;\IA"“:L:;?H: Spcutsiwireltoldesirediengl p
SN7426N 2 SN7A107R 35 SNT4188N 995 Wmems on ail phsses af ‘sxpenmants included with each ook o Strips 1" of insulation ~ Specify — Blue-Yellow-White-Red
Wam o R W 1w S 15 Jowe 506 TMOSW  DESGNERS PRIMER 55| "REPLACEMENT OISPENSER SPOOLS FOR WD 30
SN . i e Shraiam 12 Raomo wiomive cevuager & pogram tor e, cebugung ano somg AND HANDBOOK  Now expandad varsion gl i : $1.98/zp00l
o o AN A Shreioa 25 Rascomiy anguage rogams Stants ol bask struclure of CMOS deniots through ntegration nto WSt Specify blue, yellow, white or red -30/3pool
N s e e XRZZUEKD 919,85
N74 mil " 15t w i " ind digila Includes touble shoofing guides basic
SN7439N 25 SN74126N 49 SN74195N 69 [ characterisucs of clocks. soldenng techniques. clock component data sheels and construction ips $3.95 Fl:‘rglcllgnsG%r:evatm . EXA R Function Generator Kit
SN7440N 20 SN74132N 75 SNT4196N 8 — oard §ndcms(rucnons) gnciudes all compnnems
SN7441N o SN74136N I SNTG197N B9 125 tha -: o e 190 mssw d and
SNT442N 13 SN74121N 79 SNTA19BN. 149 B
SN 75 SN 205 swoeay 1 | aces M 9E i1 oeen a5t | XR-L585 $1.50 | xR2242CP $1.50
SN7844N 75 SN7aLN 298 shzazoon 559 | Coos Grange 1o DISCRETE LEDS @111 Veliow 481 Micro-Power versian of the Precision timing circuit for
SN7445N 7% SN74144N 205 sh7a2stn 179 | xCong Vellow 3 oo € 0'3"‘;:5 i 451 & popular 555 Timer and directly generating bming putses in mi-
SN7446N 59 SN74145N 79 SN74279N 73 | mnterchangeabie  Dissipates nutes, hours and days or up t
200 8 185 tha XC556  Redt 551 W Red a N i g LRI
SN7447) ¢
L 0 2377‘;“:;: s ] 1B 581 X032 Red 551 XCB56  Red  100/58 " 1/15th the power and operates [ 1 year by using two Reduces
SN e MNraison 5 ooy e | e Green a8 XC526 Red 10058 xc556 e 481 MV10 g,d 4 s1 | down to 27 voits Perfect for cost of time de_lay crrcuits. Basic
745N 5 SNTA15IN 5 SN74365N g | <2 Yeow 151 XC526 Green 451 KC55h Yellaw 181 TNFRA RED LED battery operation and CMOS cir- 555 Timer with built-in B-bit
SN7453N 20 SN74153N 59 SN74366N 69 égf?n gvTange :/2: X526 Yehow 4% xC556 Orade 481 + 116 cuits. Counter
2’&;42;: gg 3:7::;: ?: 2233‘;:“ gg X€526 Clear 481 \C356 Ciear % 55100 x”i“g 5840 xm:gg T gg NR2556 S 320
4 b AR21 440 XR1 3 XR2567 299
SN7460N 20 SN74156N 79 SN74390N 195 DISPLAY LEDS XR215 440 XR2206 440 XR3403 12
SN7470N B SNTAISTN 85 SNT4393N 195 XR320 158 XR2207 385 XR4136 125
TYPE POLARITY HT  PRICE TYPE POLARITY HT  PRICE XR555 39 XR2208 520 XRa151 285
£D4000 23 C/MOS CDd070 35 MAN 1 Common Anode-red 20 295 MAN 6680 Common Cathode-orange 560 99 XR556 99 XR2209 175 XR4194 145
CD4001 23 CD4071 23 MAN 2 5 x 7 Dot Matnx red 300 495 MAN 6710 Common Anode-red D D 560 99 XR567CP 99 XR2211 52 XR4202 360
04002 23 CD4028 D402 49 § MAN3  Common Cathode-ea 125 25 MaN 6730 Common anode fed - 1 560 99 XRS7CT 125 XR2212 435 XR4212 205
04006 119 £04028 1 wg 04076 139 I MaN4  Common Cathoge-red 187 195 MAN 6740 Common Cathode-red-0D 560 99 XRIBOP 130 XR2240 345 XR4558 75
€D4007 B CD4030 4 €D4081 23 | MANS2  Common Anode-green 00 125 MAN 6750 Common Cathade-red =1 560 99 XR14B8CN 385 XR2264 425 XR4739 115
CD400y 49 04035 9 CD40B2 23 MAN 71 Commaon Anode-re¢ 300 125 MAN 6760 Common Anode-red 560 kil XR1488 139 XR4741 147
Cban1p 43 €Cpaod0 119 £D4093 99 MAN 72 Common Anode-red 00 99 MAN 6780 Common Cathode-red 560 99
C0a011 23 04041 125 CD4098 249 | MAN 74 Common Cathode red 300 125 0L701  Common Anode-red -1 0 99 ZENERS — DIODES — RECTIFIERS
€042 25 CD4042 98 MC14408 1495 MAN 81 Common Anode yaliow 300 98 0L702 Commaon Cathode-red 300 125 oLTS W PRICE TYPE VOLTS W PRICE
04013 ag C04043 89 MC12410 1435 | MaANS2  Common Anode-yellow w0 99 OL704  Common Cathode-red K INT46 33 400m 4100 1NAODS 60D PIV 1 AMP 10100
CDante ] CcDa044 8 MC14411 1495 | ManB4  Common Cathode-yeliow 30 9 DL707  Common Anade red ] INTSIA 51 400m 4100 1NADOG 8OO PV 1 AMP 0100
€Da015 118 coaneg 179 MC14419 495 | MAN 3520 Common Anode-orange 300 99 DL741  Common Anode red 600 125 IN752 56 40m 4100 1NADO7 1000 PV 1 AMP 1071 00
CD4016 49 CD40a7 250 #C14433 1995 | MAN 3630 Common Anode orange =1 300 99 OL748  Common Anode red =1 530 149 INTS3 B2 400m 4100 1N3BOD 50 200m 6100
CD4017 119 CD4048 135 MC14506 75 MAN 3640 Common Cathode-orange 300 99 DL747 Common Anode-red 800 149 iN754 B8 400m 4100 1N4148 75 10m 15100
€Da018 9% CD4049 49 MC14507 99 MAN 4670 Common Anode-orange 300 99 DL749 Common Cathode-red - 1 630 149 NG5S B2 A00m 41100 IN4154 35 10m 12100
CD4019 49 CD4050 49 MC14562 1450 MAN 4640 Cammon Cathode-orange 400 99 OL750 Comman Cathode -red 600 148 1N9BSB 15 400m 4100 1N4305 75 25m 2011 00
CD4D20 119 CD4051 119 MC14583 350 MAN 4710 Common Anode red = 1 400 99 Ou3ze Common Cathode-red 10 35 1N5232 S B 500m 28 IN4734 56 Tw 28
04021 139 CD2053 119 CD4508 395 § MAR 4730 Common Anode-réd w00 9 FND70  Comman Cathoce %0 69 IN5234 62 500m 2 NI 82 Tw 8
04022 119 £D4056 295 04510 133 & MaN 4740 Common Cathode red 400 99 FND359  Common Anode B0 75 1N5235 68 500m 28 1NATI6 68 1w 28
D4023 2 04059 995 a5t 129 | MAN 4850 Common Anode-yeliow 400 99 ENDSOS R ComTon]Cathade]  ENDSDO T SO0 R INS236 75 500m 28 IN3B B2 tw 28
€D4024 9 €D4080 149 CD4515 295 MAN 6610 Common Anode orange-D D 560 99 FND507  Common Anode (FNDS510} 500 99 N45E 25 40m 6100 1N4T42 12 1w 28
©D4025 23 04065 7 CD4518 129§ MAN 6630 C 5082-7300 4 x 7 Sl Digit-RHDP 600 1995
) ommon Anode-orange 560 99 < o b INGS8 150 m £100 1N4744 15 w 2
CD4026 25 CD4058 3 04520 120§ MaN 6640 Common Cathode-orange-DD 560 99 5082 7302 4x 7 Sqi Diga-LHDP 600 1985 NABSA 180 10m 5100 1N1183 S0PV 35 aMP 160
224027 69 CD4083 a5 CDa566 225 MAN 6650 Common Cathode orange - 1 550 99 5082- 7:3503 Overrange Character ( = 1} 600 1500 1N4DDT SO PIV 1 AMP 121100 1N1184 100 PIV 35 AMP 170
C00 39 74c00 7ACT63 300k maN 8660 Common Anode orange 99 5082-7340 4 x 7 Sgi Digt-Hexadecmai 600 22 50 1N4002 100 PIV 1 AMP 12100 1N1185 150 PIV 35 AMP 170
74802 55 . 740164 325 TNAOOD 200 PIV TAMP  12/100 INI1BE 200 PIV 35 AMP 180
74€08 4 74083 643 740173 260 RCA CALCULATOR CHIPS CLOCK CHIPS ING0DS 400 PIV 1 AMP 12100 INTIBB 400 PIV 35S AMP 300
74008 5 74090 300 740182 343 A VER MM5309 599
e @ e o e 27 BcA3013 2.5 CA3082 200 chsﬂ $500 MMS311 g SCR AND FW BRIDGE RECTIFIERS
2420 s o e s og5 JCA2023 2.56 CA3083 1.60 MM5725 295 Mmsgw ) 495 €360 154 @ 800V SCRI2N1849) $195
74030 8 74151 290 740923 895 JCA3035 248 CA3086 .85 MM5736 195 MMSI 1 e Cagm 354 @ 800V Sce 195
74042 215 740154 300 7ac925 1595 JCA3039 1.35 CA3089 3.75 MM5738 295 UL o N2328 154 @ 300V e 50
*3048 I 73C157 215 7ac6 1195 #CA3046 1.30 CA3130 139 [ OM8864 200 ivrcins e MDA 980 1 124 @ 50V FW BRIDGE REC 195
::cg i ?g ;:g:g? 3z gogsg 150 BCA3059 3.25 CA3140 125 OM88ES 100 briveo Sles MDA 980 3 124 @ 200v FW BRIDGE REC 1 95
Eic T JU__JL] = i CA3060 3.25 CA3160 1.25 DM8887 5 7001 595 TRANSISTORS
W3 8 Ty 100 BCA3080 .85 CA3401 49| DMsssg 75 374~ T-segment LED dnver C10681 50 N304 4100
LM301H 2 mﬁ?gn 1 ;‘-; CA3081 2.00 CA3600 3.50 5030 765 e MPSADS 30 2N3055 89 2N3905 4100
0N % Y 1C SOLDERTAIL — LOW PROFILE (TN} SOCKETS Tt ol 5 e e
Lm302H 75 LMot 8 125 M1 1N 39 <2 25 49 11598 6100 Siifoo 3 o
(M3 100 (M3a0T 12 125 N RIS IR e 2549 50100 3398 (o) e 6100
LM305H 60 IM340T 15 125 tm?‘;: ;g BonLP 31 o 15 “ 2oanik S 1 b 35 r:gm 5100 PNISET 3.1 00 PN4249 4,100
LM307CN.H 35 LM340T 16 125 TR, o :é o L; 2!3 9 19 g lP 3 37 3 :04‘0]95 5 : gg PN3568 4,100 PN4250 4,100
LM308H 100 LM340T-24 125 L i a 20 28am P 45 13 13 PN3569 4100 2Nad00 4100
IM30BCN 100 M3SON 100 o b en [ g o BonLlP 60 59 5 | o 7o MRSl 5100 N 4100
LM39H 110 LM351CN 85 M0 119 g SOLDERTAIL STANOARD (TIN) *0onLP 63 b2 61 oo \ '08 ;‘N”JS%"? 5100 gN:‘% 4100
M0 125 MITON 115 sy 1a0 lion TS IS o ElosIbR” 0 B onzeioa Tioo e 210 eade il
LM3I0CN 115 LM37IN 325 isorn g5 J jEensT 0 . I 3600 ST 139 126 215 ) anaaoia 100 M Si0 e 4100
MY b LMSTTN 400 oy 29 00" HL A 0 LTS EED e 130 ) ana2zon 500 MPS3705 5100 2N5087 4100
LM311N 90 LM380N 125 L 165 L] & & \ ;
W BH ey @ aaw 1% M DT TANbaRDUERE) Mowss 1w W Ll e iie
MITBCN 150 BN 179 TR : . SRS o o | wpsasss 5100 2N3707 b 5129 5
M3ioN 130 38N 179 1onSE kY 2 Bor S o100 « ; droo e now
MC1488 195 | s w 3% rid %o 86 5 ; ) 22484 4100 NI 5100 PN5I34 5100
LMI20Ks 135 NESOIN 800 MC1489 195 [ no o6 o0 i i s o - I 4100 2N3T24A 65 PNSI38 5100
(M320K 52 135 NESIOA  g00 Mg 3 ' LI EE ' I Y 5100 2N3725 100 2N5133 51 00
M320K 12 135 NES294 495 Missey 178 WIRE WRAP SOCKETS (GOLD) LEVEL #3 2N2925 5100 2N3TT2 225 2N5210 51100
(M320K15 135 NES3IH 300 MC1741S0P 300 8om Ww § 40 38 3% 2omww % 85 75 1 miezgss 125 oN3823 100 2N5449 3100
LMI20K 18 135 NESIET 500 LM280IN 2 10 pin WW 45 4t IR 24 0 WW 105 4 85 1 w3083 21100 2N3903 4100 2NS951 3/1 00
LM320K 2¢ 135 :Egggh 600 LM3053 150 14pn WW 39 38 3 <8 o WW 130 ) 10
LM320T-5 125 130 LM3065N 69 16 pin WW 43 42 Bl 36 210 WW 1 53 AR 130
30152 125 NESS5YV 39 LM3900N(3401) 49 18 pn WW 7 68 62 40 on WW 175 155 140 3‘:5%";-:?‘;%"‘4‘5‘"'2
IM32078 125 NESSE 99 LM3505N
oz 0% s sw o wew s | 50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. o % W % ww % o 0%
M3sor1a 128 NESEE 30 i U 100HM  120MM  (50MM 18 OHM 22 OHM 2ot 05 04 03 004TaF 05 04 03
Mot 3¢ 125 NESESH s s 4 ASST. 1 582 2T0HM  S30MM  J9OWM 47 OMM 56 OHM 174 WATT 5% 50PCS e = gg e 0504035
M323k 5 595 NESBSN 125 80388 495 68 OHM 82 DKM 100 OHM 120 OHM 150 Ot 220 31 6 0 @ g: gg o
LM324N 180 NES66CN 175 LM75450 49 ASST. 2 Sea 180 OHM 220 OHM 270 OHM 330 OKM 390 OHM 174 WATT 5% 50 PCS 470 pf ¢ b
B % e i e o 9 o 70 pf a5 035 1uF 12 075
M3agk-5 135 NESG7V % 734520N 3 470 OHM 550 OHM 680 OHM 520 OHM 1 100 VOLT MYLAR FILM CAPACITORS
IM0KE 135 NESTO 1050 jrorer » ASST.3  sea 12k 15K 18K 2 27K 174 WATT 5% 50 PCS Ok L ] o0
LM340k-g 135 LM703CN/H - 45 75454CN 39 EKS 39K 47k 56k £ 8K g b o el . B i
et e o Tsason o k 6 0047mf 2 m o7 wm 27 23 17
M3OK1s 135 LM709N & Teincy i ASST. 4 Sea 82 10K 126 15K 18K 174 WATT 5°% 50 PCS 01mt 12 07 22
Maaokag 138 M7I0m 5 i . 2% o K 20 . - ~§n% mmo nn;uuus (suum cuncnous
LM34QK-24 135 LM7TIN 39 RC4151 595 ASST. 5 Sea 56k B8 B 100 120K 1/4 WATT §%  50PCS ! ihesy) el 8 il
34015 125 M723H 55 RCa194 595 mwoom o 5w i no# oG
s 1 e o e s 150 1808 220k 270 330 2735V 28 2@ 17 332V 31 27 22
ASST. 6 Sea 390k 470K 560K 680K 820k 1/4 WATT 5% 50 PCS 33/35v 8 2 17 47/25V 32 28 23
741500 2 7415155 63 4735V 28 23 17 peRsV 36 31 25
7ALSOO T T s . ™ 1M §5m 1 8M 2m 8835V 28 23 17 m/zsv 4 35 2
74L502 2 1 ASST. 7 5 2 § o,
L s -~ I S & . e 2 33M oM 1™ 5 68 174 WATT 5%, 50PCS 10735 28 e 0
741504 2 731875 1 7403161 ol ASST. 8R Includes Resistor Assortments 1-7 (350 PCS.) $9.95 ea. VINATURE ALUNINOM ELECTROLITI cARACITORS
74505 29 741576 35 7415162 89 Axial Lead Radlal Lead
s 2 Z“ﬁﬁgi - "LS“S . $5.00 Minimum Qrder — U.S. Funds Only Spec Sheets — 25¢ |375$5V 12 :i ‘(11 :%g\\/f :2 B
741510 2 4| 99 74181 99 2L . U = U9, - 1 14 "
741513 4 741586 35 7418175 79§ California Residents — Add 6% Sales Tax 1978A Catalog Available—Send 35¢ stamp P TR I 2 05 1/ GV 1S R SO
741514 99 741590 9 2581 249 47025 15 13 w0 Tev. 16 e
740520 » 741592 59 7405190 P 025 15 13 10 LSV 16 14 1
74(526 2 741593 59 745191 89 e PHONE sV l6 ez 4y a5 a3 10
241527 % 240395 79 75192 89 22V 17 15 12 725V 15 13 1o
741528 2 741596 83 7415193 89 o ORDERS 22/50v 24 20 8 4750V 16 14 1
740330 23 7415107 s 7415194 89 w oM ;‘77/523\"’ 18110V o0
74532 2% 7415108 35 7415195 a9 &2 9 10asy 1310
741540 2 745112 3 745253 79 ELECTRONICS (415) 592-8097 0025V 24 20 18 105V 16 14 12
741582 P 7418123 9 7415257 69 « dvsion of JAVES FLFCTRONICS of Calforms 10050V 35 30 28 47iSOv 2 no19
741547 bt 7415132 78 7405260 55 s pep o . 2025 32 28 25 10016V 1915 8
741851 o 1415136 3 7405279 50 MAIL ORDER ELECTRONICS — WORLDWIDE 22050V 45 41 38 10025V u W 18
;4L§5§ 23 ;:g:gg gg ;:tgggg 59 1021 HOWARD AVENUE, SAN CARLOS. CA 94070 “D;g//?‘g‘(/ gg gg 3; ‘zggﬁg‘c 33 3‘; 2';
4157 s 59 " : 1
7415151 fa Isen oo Advertised Prices Good Thru July 220008V 70 62 55 4705V 31 28 26
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MICROPRDCESSDR COMPONENTS

The Incredible

10MM size trimmers
partNo 19 10-24
TR-1t(vaive) 35 30

L

Resistance values

TRIMMERS

-.394" Dia.
25-49 100 +
25 20

100 500 1% 2K 5K 10k 20Kk 50k 100K 200k ' meg

manual which includes 80 pages on lagic analyzer operation
{Model 100A Manual - §4 95)

Monitoring |
Veritying proper system operahions
dunng tasting

Mates with two rows of 025" sq orfl pgogs Cpu COP 1802 CPU §19 95 §
dia. posts on patterns of 100"] 8080A cPU % 780 cPU 2495 [P, histle 103"
U P R centers and shielded receptacies J 8212 8-Bit Input/Cutput 4.95 2650 MPU 26 50 Ay
J M E s Probe access holes in back. Choice] 8214 Prionty Interrupt Control 795 MC680C  MPU 1995
of 6" or 18" length 8216 Bi-Directional Bus Driver 495 MCBB10API 128 x 8 Static Ram 595 $1 2 9 95
par o No.o anscts Lengn pree |24 Soxgemvione o 2m ey et - J kit only
924003-18R 26 18" $538¢ea lg251 Prog Comm Interface 995 MCBE30LE 1024 8 Bit ROM 14 g5 | The Penaywhistie 103 15 capable of recorming gtz to ano irom audo tape withou
924003-06R 2% 6 478 = crical speed. reguremen's for e recorder an7 1 15 adle to commuCate e
924005-18 o -/Sea. §8265 Prog Perph Intertace 10185 MC6850 __Asychronous Comm Adapter 14 95 B " nomer inuem ang 1enninal fof lelephone naroming  ang communication
24005-18R 40 18 827 ea RAM'S PROMS for the deat In aggimen 115 free o LAl anlusiments nd «< Dulll withnon precision
924005-06R 40 6" 733ea jJirot 256 x 1 Stanc § 149 17024 2048 x 1 Famous, 5 595 readily avadatle parts
924006-18R 50 18" 10.3t ea 1103 1024 x 3 Dynamic 99 5203 2048 x 1 Famous 1495 | Data Transmission Method Frequancy Shift Keying full duplex ihall-dupies
924006-06 50 & 915 2101 25624 Sianc 5% 82573 2x8 Open € <00 selectable)
2l 2102 1024 x 1 Statc 175 825115 4096 x 1 Bipolar 1595 | Maxmem Oata Rate 300 Baud
[ JU M PE Solder 10 PC boards fo- mstant glgz 5260 s 1 gg;;acvmc o wSZ 2B e 900 | oata Forma snanronos (:S:a“(ilcl:mmm natk tev e requret
» 7 1024 % an elween )

.. plug-in access via socket-connector §y; 256 x 4 Stalic 59 2708 a¥ EPROM 1395 | Recewe Channel Frequencies 2025 Hz lor space 2225 Hz for mark
Jumpers .025” sq. posts. Choice [ 2114 4K x 1 Stanc 450ns 995 26T 168 EPROM ’9.95 | Transmit Chaonel Frequencies  Switch selectable Low inormal 1070 space
of straight or right an 21141 4K x 1 Stahc 450ns Low Power 10 65 2716 Intel 16k EPROM 59 95 1270 Mark High 025 space "225 ndrk

9 g gle
X 21143 %1 Slatic 300ns 095 5301 1 102461 10 State Bipowr 149 | Receve Sensitity 36 dbm accousheally cou” 1
s;g‘ggg- No. 02'6P05|5 A;lﬂle . ;:ltee 2114L3 4K x 1 Stauc 300ns Low Power 1195 5330 1 2561 Open C Siolar 954 Transmil tevel ' qbm mominal Adusiabie from 6 fom
-R straight 28 ea 7489 16x4  Stauc 175 T4ldo 510%1 TTL Open Cotlecior 995 o 20obn
923873-R 2 nght angle 15263 §810! 256 x4 Stanc 595 74188 25651 Tt Open Collecror 205 | Recewe Feency Toterance  Frecuency eterence o saicaly ausis lo
. 8111 256« ¢ Stanc 695 allow for operation between 1800 Hz and 241 3

923865-R 40 straight 194ea 5o B4 Stanc 339 R mf:"ﬂ ":ﬁ:i“[)“s o5 | wptal Date intertace EIA RS 232C or 20 A current 100k (receiser 15
923875-R 40 nght angle 230ea [owo: 1024 x 1 Statc (E v e E:“OW".' AL o aptoisalatett ana non potar

923866-R 50 straight 2 36 ea 74200 256 x 1 Static 695 MMS017H Dual 500 532 Bt thrurmc 299 Power Requirements 120 VAC single phase 10 Wdils

923876-R 50 nahtangle 282 ea o 256 x 1 Stanc 295 ey o0 Tao | Prwsien A1l compare s mount 0 1 ngle 5ty 9

! ght ang : WS a1 Dynamic i e e e Srnfen trcuil Loard Al componeats ncluded

[ ] MKag27 (UPDA14) 4K DYNAMIC 16 PIN EES) 519 T .09 Lrgure . 4 VOV Audio Osculator Freguency Connter and o Osciliescope fo align

T DIP JUMPERS |rcwvaose omawcrcon s 55 sniin - P

%, 2524 512 Dynamic 9%
Ma”las with standard 1C sockets T 2525 1024 Dynaric 28 \r\a\ the 3 r Hand
24" length e Fully Assembled & Tested TR  case) 95 2527 Dual 256 Bt Static 295 o(\q
4 CONTS DESCRIPTION PARTNO. PRICE | so13000511  Crascies Goversir iower s, 035 08 Dust 250 Siaiie 40 5
14 % end  924-102-24 § 192 f 2516 Characte: Generalor we % A LS 400 o $9.95 each
18 dblend  gaatoeas " 302 Juusann 2068 B fess Oy Merary e o R e H " Leaves two hands free for
:6 dg', :[',‘; 352}}3;’; g ;2 USER MANUALS ni Fito 595 . working
24 sl end  924122-24  3.30 | :802m COP102 Manual s7s0 LS80 MHEGTED 195 A E * Clamgs on edge of bench. tabie
24 dgt end  924126-24 520 § 780M 780 Manual 750 UART'S = & o work bench
40 . sgl end ?24132-24” 553 f 2650m 2650 Manual 15 00 AY 51013 30 BaUD $39 - g * Position board on angle or flat
Also Available in 12" and 36" lengths SPECIAL REQUESTED ITEMS R - posttion for soldenng or cipping
N g ned HE * Sturdy. aluminum construclion
e - TELEPHONE ICM EHIPS NMOS READ ONLY MISCELLANEOUS ¢ Y.
5 XEYBOARD CHIPS CM?045  §24 95 MEMORIES o . for hobbyist, manufacturer or
g 11690 $1995 xa02a0 1750 o
227 THESE FREQUENCIES ONLY - S]S100RS (195 [CHIZIOMI SR oy VCIEIP 1185 NS002CH 375 ¥ school rooms
— AY5-3200 1495 1oM7207 50 MOMBS7a 1350 MCII0BLZ 495 Tits 1020
PART NO. FREQUENCY  CASE PRICE { arsas00 495 ICM7208 1995 MCMBS75 1450 MC1408LB 575 35190 1195 DIGITAL STOPWATCH
CV1A + 000MH? HC33 595 | mame v OHIS o e 5% « 81301 6 D LED Doty
CY184 ; 8432MHz HC33 595 ace22 9% AY-3 8500 1 Chip gng 2 010 MHp Crystoi $7.95 3 39 o Times 10 59 minutes 9 59 seconds
CY2a Q00MHz HC33 585 o F1ystal Controiled Time Base
CY2 01 2 010MHz HC33 15 | PARATRONICS  Triee Siopwatches i (e
Mode) 1004 Modet 10 Times Singie Fvent  Sout & Tayior
(C;:g 2(7] gggggﬂhmz Hggg :gg Logic Analyzer Kit e Sued5 1215 1 90 14 ounces
H o « Uses 3 Fenite Cells
fon e | LU preerveem oy $39.95
Ova 91 4.976MHz HC18 s | $229.00/kit CCCCRSELE O] Assembled — $49.95
CY7a 5 000MHz HC18 495 Heavy Duty Carry Case $5.95
CY518 5 185MHz HC18 495 » Analyzes any type of digital system = 1 .
CY6 14 6 144MHz HC18 495 ¥, Chacks data rates in excess of 8 - *.'Ar Stop Watch Chip Only (7205)  §19.95
CY6 40 6 400MHz HC18 495 million words per second e .
CY6 55 6 5536MHz HC18 495 L, 7rouble shoot TIL CMOS DTL RITL O Bl RAEHEIR I — 3DIGIT DPM KIT
CY12a 10 000MHz HC18 495 Schottky and MOS tamilies T10ubleshaoting MICIONIOCRSSO!
CY14a 14 31818MHz HC18 495 ardress nstruchon and data tlow e T
« Displays 16 10gic States up to & digits wide
CY19a 18 000MHz HC18 495 1 See ones and zer0s displayed on your Examine contents of ROMS
CY18 43 18 432MHz HC18 435 CRT octdl o H(“xax‘PClmd\ tormat Tracing operahon of control logic
CY22A 20 000MHz HC18 495 T O —— Ahons Checking counter and shift
o Tests cucuits unner aCtudl ope-ating ConAIONS
GEN g2(000ME HC18 495 1, fasyto ble — comes with step-by-step construction  [9/SE! aperation

0 sequences

@M

PARATRONICS TRIGGER EXPANDER - Model 10
Ados 16 additional bits  Provides digntal delay and qualiication of input clock
and 24-bit trigger word — Connects direct to Model 100A for integrated unit)

Model 10 Kit - $229.00

Baseplate — $9 95
Mode! 10 Manual — $4.95

o New Bipolar Unit e Auto Polarity

TRIMPOTS

43P(value) 135 1.25

zxw Single-Turn - 1/2 Watt
Lo i Square - Top Adjust - 3/8" Size

PartNo. 1-9 10-24 25-49 50-99

63P(value) 99 89 80 70

Resistance Values 50 100 W00 $n 2K 5n 10k 20k 50k 100k 200k 500k 1meg
N 15-Turn - 3/4 Watt

2 Rectangular Side Adjust 3/4" x 1/4” Size

Part No. 1-9 10-24 25-43 50-99

120 115

Resistance Valves 50 100 500 Tk 2k 58 10 20k 50< 100K 200w 50k ' meq

1/16 VECTOR BOAR

01 Hole Spacing P Patern

Parl No L w
PHENOLIC £4P44 DE2XXXP 450 6 50
169P44 052XXXP as) 1700
EPOXY B4P44 NB2WE 450 650
GLASS BAP44 DEIWE 450 850
169P44 D62WE 450 17 00
163P84 062WE B 50 1700
EPOXY GLASS 169P44 D6ZWECT 450 17 00

COPPER CLAD

D
“nee

19 10up
172 154
388 332
207 18
256 2
504 453
923 82
680 512

39%-Digit Portable oMM | Kom =3 Ko
M 100 MHz 8-Digit Counter
e g © 20 Hz 100 MKz Hande o rour power sauces e
L g o & LED Dispiay batteries, 110 ar 220% wilh
e ”"‘ .  Crysial-controllec riebase charger 12V w 'h adto
et sl o Fully Automatic lighter aapter dnd eaternal
® Tueranie reading o Portable  compietely 7.2 10V power supply
o 10y nOnn mpender (e selt contamed R
o AT Tty cSme g vy MAX-100 $134.95
Ranges Of vorage O Ty «5 6
G valtags 1100V
g Hesnee 51400 07
0C AC Current 0 100mA
Resistantr (1 11 med | hm)
S RS oed s
Model 2800 Accessonas:
$99.95 AC Adapter BC-28  $9.00 ACCESSORIES FOR MAX 100:
- Rechargeable Mobile Charger Eliminator
bowilt et N P.26 use Power tiom car hanery Mode( 100 - CLA §3 95
v merving . Batteries BP- 20.00 | Charger/ENiminator
T e Carrying Case LC-28 7.50 | ucc1i0vaC Model 100 — CAI 59 95

e Auto Zeroing e Low Power
e 5" LED o Single IC Unit
Model KB500 DPM Kit $49.00
Model KB503 5V Power Kit $17.50
JE700 cLock
i e
A A
MMS 5o

T

xroney $16.99

115 VAC

Madel P180 includes 2 100" spools #28 AWG
wire wrap wire

Supplies insulated wice From sDOOI 10 wiap POsts
ping and precutting using  dasy chain method

Model P180

S I R R I

without pPresiro

$24.50

63-Key Unencoded KEYBOARDS Hexadecimal Encoder

This 15 @ 63-key, terminal keyboard newly
manufactured by a large computer manufac-
turer It 1s unencoded with SPST keys. unat-
tached to any kind of PC board. A very solid
molded plastic 13 x 4” base suts most apphica-

tion. IN STOCK $29.95/each  shift key

19-key pad includes 1-10 keys.
ABCDEF and 2 optional keys and a

$10.95/each

JEB03 proBE —

TRe Logu #rmne  +un T wr et -

1P50Er 0 B 17 1 Ouble MROKIG DQI * el B

TEONT ORI TMOS E e the 0w .—‘,a— [

BB N Lerile Y RO, 0 e *inde =2

Wyt frawny g b 10 e MAN

0 s o e g e

et T PR s

P g e $9.95 Per Kit
108 e 1t MOS evrd " BELSRTTS

printed cicuit board

T?L 5V 1A Supply
n 4 tandard T powe’ .upoly using the weil known
M 09K reguidinr r penvite a soii 1 AMP ol cuirent at's
«lt We Iy 10 ke tings easy ar yoy By proviading
PP INING 1 1 71BPY R ONE DaCadGE NTIUOING TNk Nard ware

" JE225  89.95 Per Kit
PROTO BOARDS

PROTO BOARD 6

REPLACEMENT WRAP BIT
for P180 Slit N Wrap
No. P180A $12.95 each

wire for P1
(kg of 31
W2B-2 A green
W28-2 C cloar

Replacement wire-wrap

80 #28 AWG
$2.75 each
W28-2 B red
W28-2-D biue

INSTRUMENT/
CLOCK CASE

injection moided unit.
Complete with red bezel
4% x 4" x 1-916°

o

$5.00 Minimum Order — U.S. Funds Only
California Residents — Add 6% Sales Tax

W
3 ‘\‘ N

ELECTRONICS

« v of JAMES FLED THGNICS uf Californan

Spec Sheets — 25¢
1978A Catalog Available—Send 35¢ stamp

T
ameco

PHONE
ORDERS
LCOME
(415) 592-8097

MAIL ORDER ELECTRONICS — WORLDWIDI
1021 HOWARO AVENUE, SAN CARLOS, CA 94070

Advertised Prices Good Thru July

$15.95 PBI00 15 x6 $ 1998
t6 long X 4 wide) PBE101 58 x45 28 95
PB102 -7 x45 39 95
PR103 9 x 6 59 95
PB104 - 95 x8 7995
PB203 - 975 x 62 x 2% 80 00
PB203A - 975 x 6"z x 234 129.95
includes pUWE! SLDDIY I
w i PROTO CLIPS
14 PIN 5450
i' y ¥ sem 475
S e 24 PIN 850
S W 40 PIN 1375

JULY 1978
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Jumbo LED Car Clock Kit

FEATURES:
Bowmar Jumbo 5 inch LED array
MOSTEK — 50250 — Super clock chip
. On board precision crysial ime pase
12 or 24 hour Real Time tormat
Pertect for cars, boats, vans. etc

MUSICAL HORN

One lune suppiied with each kit. Additional unes — $6.95
each. Special tunes available Standard funes now available —
Dixie — Eyes of Texas -- On Wisconsin — Yankee Doodie
Dandy — Notre Dame — Pink Panlher — Aggie War Song

Anchors Away ~— Never on Sunday — Yellow Rose of Texas —
Deep in the Heart of Texas — Boomer Sooner — Bridge over

1-800-527-2304

Use Our Toll Free Watts Line
For Master Charge and BankAmericard Orders

—_— 2

TELEPHONE RELAY
Assembled & Tested $29.95

Automatically Starts & Stops Tape Recorders

PC board and atl parts (less case) inc

River Kwai

Alarm option — $1.50
AC XFMR — $1.50

$16.95

CAR & BOAT KIT HOME
349 29.95

Special Design Assembiled
KIT Case $3.50 & Tested
Add $10.00

Surreptitious interception of telephone conversation is a
violation of Federal Law and this device is not intended for
such use.

6 DIGIT ALARM CLOCK KIT

NEW IMPROVED
UNSCRAMBLER!

12V 1 AMP POWER SUPPLY
INPUT VOLTAGE 25V MAX. OUTPUT CUR.

Features: Litronix dual 1/2°" displays, Mostek
50250 super clock chip, single 1.C. segmen:
driver, SCR digit drivers Kit includes all ne-
cessary parts (except case). Xtmr optional

Eliminate the hassle
AC XFMR — $1.50 Case $3.50 $12.95
7400 TTL DIGITAL CIRCUITS
7400 7342 74156
7407 13 7343 6‘ 73157
7402 FEET) 3 14160
2403 raar
7448
1450
7451

7453
7460

RENT 1 AMP. MAX. LOAD REGULATION
50mv, OUTPUT VOLTAGE 12V. LINE REGULA-
TION 0.01%. KIT CONTAINS ALL PARTS
EXCEPT FOR LINE CORD AND TRANS-

FORMER.
ONLY $4.50
CLOCK & COUNTER CHIPS

MK50252 Ciock Chip 3 B9
MK3B0250 Alarm Ciock

MK50380 Alarm Chip

FCMT010 Direct Orive Clock Chip
MKS005 4 Digil Counter w/Latch
MKS5002 4 Digi1 Counter

MK50395 6 Digit UP ' Down Counter
MK50397 6 Digit Elapsec Timer
CT5005 Calcylalor Chip wiSpecs
MK5021 Cal Chipwisg

HOUSE# TTL IC

7400 1079 00 py ,7431 [
Tade 1011 0o Tiease specty 6
3
k]

?“ $25.00
Punched and Printed Case

N 2
Plugs inio esrphone o external « Easlly luneg
speaker of any Scanner or Monitor * Full instruction included
Guarsnised 1o unscramble  any « Drilisa tbergiass P.C Board
1085 call « One Mour Assembly

LINEARS MICROPROCESSOR
Operational Ampliidier SUPPOR T C HIPS

25
Ditterential Compar ators 4
Oual Ouiterential Comp 35 |8212-1/0port
8214 — PI.C

Half Agder
Stereo Pre-Amp by Farchild Z‘U 8216 — Non Invert Bus
8224 — Cloch Gen

Qperational Ampiifier
Ope;ationa) Amplittes % 8226 — Invert Bus
Operational Amplifier
5V Lamp Regulalor 14
Voltage Comparalor 25
Voitage Comparator 85
Operational Ampnfier ALY
Voltage Compar ator
Quiad Operational Amphities 1
Oual 2w Amphiher ey
Quad Op-Amplitier
Operational Ampifier
Operational Ampiiee
Quad Time:

me
Duai Timer
Tone Decoder
Dvat Op-Ampiidier
Quad Segmen Driver
Hex Digh Driver
IF Ampiitier
Voltage Cont Osc

TTL SPECIAL!

17400

3T
295

8228 Sys. Controller

8251 Prog. comm. interlace
8255 Prog. perp. interface
8820 Dual Line Recr

8830 Dual Line Dr

2513 Char. Gen

8838 Quad Bus. Recvr
74L5138N — 1/8 decoder
8T97-Hex Tri-State Bufter
148871489 RS232
TR16028 Uart

TR1863 Uart

PROMS

1702A - 1K - 1.5u8 3.950r 10/35
2708 - 8K Inlel - 450ns 14.95
5204 - 4K 7.95
825129 — 1K

2708S - BK sicnetics 650ns

DIODES

IN 4002 1 Amp 100 PtV
IN 4004 1 Amo 400V
IN 4007 1 Amp 1000V

GERMANIUM .DIODES

IN 544 $8/31
IN 270 10/31

ZENER DIODES
IN 746 3.3V 400M
IN 752 5.6V 400M
IN 1958 8.2V 400M
IN 5259 39V 500M
IN 5271 100V 500M
IN 5280 180V 500M

HOUSE = ZENER

4.7V 500 Mw
1 9. V 500 Mw

FAIRCHILD RTL's |5 50w
15V 500 mMw
22V 5 watt

SWITCHING DIODES
IN 4148/IN914 Long Leads
IN 4148/IN914 Cut Leads
iN 4148/IN918 PC Leads

CAPACITORS

ELECTROLYTIC
AXIAL TYPE

CRYSTALS

31 50
125

NN~ WO aAWwE AW

SRBEREBBAFLENRERERES

300 KMz

hat you ,
7408 10 100 un P

7420 107100 are orgering 74153
HMouse Nuymber TT(

TRANSISTORS
INTERSIL QUAL TRANSISTORS
Oniginaliy Cos1 33 sach
Simitar 1o 2N913
2 Per Pack
GENERAL PURPOSE

It
9Loe 35

7441 7489 t ?5

74L500 LOow POWER SCHOTTKY

741500 74547 7405136
74551 7405138
741854 7415139
741555 7415148
74,873 74,5151
T4LS4 7415153

74155 89

FRRER SRS

[ TXYN

ars
POWER TRAN
115 W 200V NPN 95
TIP29 EPY6T NON 4 g1
TIPJ0EPI2 PNP 4 g1
T FJ!D Leaos NPN § ¢y
38

w
8

1392 Pre Amp
N 440C NPN
2% 4302 PAP
- 2222 NP
n 2907 PNP

VOLTAGE

7805P0s  S5VYAmp 99
7806 Pos  6Vtamp 99
7808 Pos. BV1iAmp 99
7812P0os 12viamp 99
7815P0s 15V 1 Amp 99

250
995

FET VIS 7S HOUSE #

REGULATORS

7818Pos 18V 1 Amp 9
7824Pos  24vtaAmp 99
5V 1 Amp 110
12V 1 Amp 1 10
15V 1 Amp 1 10

40/81
15/31
10/31

882888888

7305 Neg
7912 Neg
7405125 7915 Neg
7415126
45132
7405133

raL5197
7408251
7405253
745257

723 VOLTAGE REGULATORS
Output voitages var abie trom 2 voits 1o 37 voits
A very versatile and popular device — 14 PIN DIP
69c

MOTOROLA VOLTAGE REGULATOR
MC1469R TO-66 9iead package tor 310 IOV out
puts Provides 600 MA direct oulpul or more by
uSing an external power transistor Reguiar catar
0g price — $4 D0 each’' With specs ei! 9% aach

TO -5 HEATSINKS

Similar to Thermalloy 2205G
Finned with insert. 5/$1.

TO -5 HEATSINKS
STANDARD SLIP - ON 6/$1.

HEAT3INKS FOR VOLTAGE
REGULATORS

Black anodized aluminum “U’” shaped.
Fits TO-220 cases.
4 FOR $1.00

RAMS

21L02-500NS
21L02-250NS
2114 — 4K

O1A — 256
1103 — 1K

MK 4115 - 8K
748 200 - 256

60 Hz. Crystal Time Base
for Digital Clocks

$4.50
Buy 2 for $8. ey

60 H: outPut with accuracy comparable 10 a d«gilal
watcn
Directly intertaces with all MOS clack chiDs.
Super low power consumplion {1 $ ma type.|
Uses latest MOS 17 stage divider IC
Enminates forever the probiem of AC ine ghtches
Perfecl for cars. boats. campers. or even for poriabie
locks at ham fie1d days
G Smalt size. can be used In Existing ANCIOBUr s
KIT INCLUDES CRYSTAL DIVIDERIC, P C BOARD
PLUS ALL NECESSARY PARTS & SPECS
=

ITT LED DRIVERS

17T 501 Quad Seg Dr
ITT 502 Her Digit Dr
ITT 503 Quaa Seq Dr
ITY 506 He. Digit Dr
1TY 508 8 Dignt Dr
1TT 509 8 Seg Dr
ITY 511 Quad Seg Dr
1TT 5148 Diget Or

4/81
4/81
4/3%1
10/81
10/81
10/%1

10/81
10/81

8/81
10/81

Co4030 6/31

SOCKETS

« 18P Loa Protie 30
© 280 Loa Protie 69
© 40P Loa protie B9

75Cr07

The most poputar digital IC's ever

Produced. Very hard to find!
UL914  DUAL 2INPUT NOR 99
uL923 JK FLIP FLOP $1.19

20/31
40/81
100/%2

¢« BPinLos Protie 2
© Y4 PinLow Protiie 22
* 16 P Low Protiie 25

Bowmar 4 Digit LED Readout Array
Full ¥2** Litronix Jumbo Dual
Digit LED Displays
4 JUMBO 50" DIGITS ON ONE STICK!
WITH COLONS & AM/PM INDICATOR

$3.95
DL722-C.C. DL728-C.C.
DL7218C.A. DL 727-C.A.
1MFD 20WVODC PC Leads 15/31

99c $1.29
4.7MED 10WVDC PC Leads 5531
631

» UNMARKED = o oG ok

1702A EPROMS

3.50Ea. or 10/$32.00
LIMITED SUPPLY

IMSAI SPECIAL.
S-100 Connector
$3.95 Ea.

Raoio

HuTt

BRIDGE
RECTIFIERS

1 m 200V
& Amp %0V
10 Amp S0V
25 Amp S0V

RADIAL TYPE
47TMFD 35v PC Leads 10531

500MFD  35v

S0 PF MICa 5
COMPUTER GRADE
1.900MFD 35WVDC (Min1)
B.000MFD 15WV0C
33.000MFD 40WVDC
TANTALUM

313,
95 cents each
€ach
CERAMIC DISC
50V

PC Leads 2589

MICRO-DIP $1.95

New — Series 2300
The World's Smatlest
Coded BCO Dual-In-Line

Switch! PC Mount
2300 02G BCD 1-2-4-8
2300 12G BCD 1-2-4-8
Compliment

cents No

* * JOYSTICKS % &
FOUR 100 K-OHMS
POTS

ideal for r
electronic
games

P

{All prices subject to change
without prior notice.)
P.0. BOX 383230
DALLAS, TEXAS 75238
AN EMPIRE IND. CO

Money back guarantee. NO COD'S. Texas residents add 5% sales tax. Add 5% of order for-
postage and handling. Orders under $15.00 add 75 cents. Foreign orders add 20% for postage
For your convenience, call your Bank Americard or Master Charge orders in on our Toll Free
watts Line: 1-800-527-2304 Texas residents call collect: 1-214-271-8423
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DIGI-KEY

CORPORATION

Quality Electronie Components

MINNESOTA RESIDENTS

1.C.'S o RESISTORS o TRANSISTORS o CAPACITORS o DIODES o I.C. SOCKETS & PINS o SWITCHES
CLOCK MODULES o OPTOELECTRONICS o BREADBOADING & TESTING DEVICES o DRAFTING SUPPLIES
DATABOOKS ¢ HEAT SINKS o WIRE o TOOLS... AND MORE ... WRITE FOR FREE CATALOG........

The "NIBBLER"

MPUTER AT A MICROPRICE!

FEATURES:

e Assembled and Tested. yet only $149.95
Standard 4.5 by 6.5 card with 72 pin edge connector|
pattern
All IC’s are socketed for easy maintenance
Memory expandable to 28K
110 Baud Serial 1/O
It Speaks Basic Beautifully
4K NIBL Basic in ROM and 2K of RAM
Easily Interfaced with CRT or Teletype

CATALOG NUMBER NIBI-ND §$149.95
(not discountable}

SOFTWAREHARDWARE MANUAL MAN1.ND $5.00

{not discountable)

218-681-6674

DON'T FORGET OUR
DISCOUNTS WHEN COMPARING PRICES

STRIPS — WRAP.

<MWOMA44<AM,4<ﬁ___
<Qk
33883285
,g] d

Call or Write for
the Digi-Key Catalog
for Panavise Details

v -

&
3

The NIBBLER 15 Digi-Key s new low .ost parsonal

hobby computer Based on National Semconductor

SC/MP Il microprocessor, the NIBBLER includes
4K NIBL Basic m ROM and 2K of RAM The
NIBBLER requires 5 volts o1~ omp providing 11¢
bavd sarigl ASCII | © which is easily interfaced
with o CRT or Teletype And our low price of
$149.95 is for an assembled and tested system!
Saftware /Hardwore manugl included with NIBBLIR
availob'e separately for $5 00

BUUK 507 ki SEM
LINERR DMA X 952P NAT SEM
C

0B
20228

* DIGI-KEY MEANS QUALITY PRODUCTS
* PRE-PAID SHIPPING AND INSURANCE"
* VOLUME DISCOUNTS
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2708 BK EPROM 450 NSEC

2102AN- 8L 1K LOW POWER 350 NSEC RAM

SCIMP S VOLT SC1MP CP!

2650 MICROPROCESSOR 1.25 MH-2 CLOCK 40 DiL

Digl-Kay Maons Quality, Service and Sovings

717 8224
ond 8228
PLUS SIXTEEN
2102AN-4L

ALL FOR

HARDWARE
R

| N0 & SCkwaoitn

AARAAAAR AN AEAN

CHARGES
$ 0.00-5 4.99. .. Add $2.00
$ 5.00-$24.99. .. Add $0.75
$ 25.00-$49.99. . . Add $0.50)
€ 50.00-$99.99. . . Add $0.25
$100.00 & Up ... No Chargs

Orders Accepted by Phone or Mail
Bonk-Americord *

MosterCharge =

All items except those with catolog
numbers ending with the suffix ND may
be combined for discaunt. Fiest—total
ofl discountoble items und apply the
volume discount. Then add 1o this sub-
total the nondiscountable items. Add
the hondling charge. This is your fotal
cost. We pay oll shigping ond insurance
1o addresses i the U.5.4. ond Conoda.

cop -

P.O. Box 877, Thiot River Folls, Minn. 38701

Quality Electronic Com,

P.0. Box 677 Thief River Falls, MN 56701

CIRCLE NO

Chack +

DISCOUN‘I‘ SR

$  0.00-$ 24.99

$ 25.00-5 99.99 . Less 10%
$ 100.00-5499.99 . Less 15%
$ 500.00-5999.99 . Less 20%
$1000.00 & Up . . . Less 25%

Monoy Order
(218) 681-6674

CORPORATION

n ON FREE

{218) 681-6674 n

INFORMATION CARD
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INTRODUCTORY PACKAGE

With any order valued at

$30.00 or more
Post marked prior to July 31, 1978

You receive
AT NO EXTRA CHARGE
® A 1978 ACTIVE
ELECTRONICS Catalogue

® Your choice of any of the
following packages -

PACKAGE NO.3

PACKAGE NO.1

UNBO0400 Unitrode Semiconductor Data
Book. 500 pages on rectifiers. fullwave
bridges, transient voltage suppressors,
zeners. programmable unijunction trans-
istors. etc.

LCC4162 TTL Supplement. The most recent
TTL tunctions are included in this supple-
ment to the 2nd edition of the TTL Data
Book

RABO0606 Raytheon Selection Guide. A full
line condensed quick reference source on
all Raytheon Components,

LCC4151 T.\. Linear and Interface Circuits
Data Book. 688 pages. Complete specifi-
cations on the 75 series of MOS interface
peripheral driver, memory sense amplifiers,
display interface circuits etc.

Value $16.90

PACKAGE NO. 2

FSB0104 Fairchild Bipolar Memory Data
Book. Bipolar memorjes, ECL static
memories, TTL statjic memones, TTL
dynamic memories and macrologic.
FSB0105 Macrologic Bipolar Microprocessor
Data Book. Microprogramming for im-
plementing as many system functions as
possible in one centralized logic block
FSB0112 Fairchild Hybrid. Custom and
standard product as well as reliability and
design considerations.

PACKAGENO.4

ADVANCED MICRO DEVICES

AMBO0203 8080A/9080A MOS Micropro-
cessor Hand Book. Detailed descriptions
of the B80BOA and associated CPU
components.

AMBO0205 MOS/LSI Data Book. Static RAM's
dynamic 4K RAM's, 2K EROM, shift registers,
FIFO memories and complete micropro-
cessor and support circuits.

AMBO0206 Linear and interface Data Book.
Comparators, data conversion products,
Line driversireceivers, MOS memory and
microprocessor interface, Op Amps. Voltage
Reguiators etc.

Value $17.85

LCCAa041 T.I. Power Semiconductor Data
Book. 816 pages germanium and silicon
power transistors, SCR's. Tnacs, darlingtons.
silicon power high voltage and low voltage
types etc

SIB0303 Siliconix High Speed Analog
Switches. Complete specifications, charac-
teristics and applications of the DG300
series.

S1B0304  Siliconix FET Data Book.
Complete data on selecting the right FET
for your application, characteristics and
PC board layout.

SIB0305 VMOS Power FET's. Technical
ntormation, application and design aids.
characteristics and device / application
selection for this latest in technoiogy

Value $16.30

GSB0100 Zener, Transistor and Transzorb
Catalogue. Discrete devices and pertinent
data and complete device characterization.
FSB0103 Fairchild Power Data Book. Basic
parameter and data information as well as
information on technology, sate operating
area, reliabiiity etc.

Value $14.35

PACKAGENOS

SIB0300 Analog Switches and their
Applications. Introduction to FET Analog
Switches and the way the switch control
or driver circuit affect performance.

LCC4280 T.I. Peripheral Driver Data Book.
Total information and typical apptication of
complete peripheral drivers and interface.
LCCA4290 T.. Line Driver and Line Receiver
Data Book. Complete data on line circuits
and application information.

GIMO0100  General Instrument Micro-
electronics. Complete specifications and
data on calculator, clock and T.V. game
chips. microprocessors, industrial devices,
static RAM's, EAROM’s and ROM's.

Value $19.30

We reserve the right to ship a package of our choice. if one or more items of a requested package is

out of stock. This offer available in the United States only.

P.0O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701

Qver - the - counter sales,
12 Mercer Rd., Natick, Mass. 01760

®
(/= Active
E L] Behind Zayres on Rte. 9
l mnlc Telephone Orders & Enquires (617) 8790077
S ] [: IN CANADA 2 LOCATIONS

5651 Ferrier St. 44 Fasken Dr.- Unit 25
Montreal, Quebec Rexdale, Ontario
Tel.(514)735- 6425 Tel.(416)675- 3311

MINIMUM ORDER $10.00 ® ADD $2.00TO

COVER POSTAGE & HANDLING @ Canadian
customers add 30% for exchange and handling. All
tederal and provincial taxes extra.

Foreign customers please remit payment on an
international bank draft or international postal
money order in American dollars.

CIRCLE NO t+ ON FREE INFORMATION CARD
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MORE THAN 20,000 DIFFERENT

COMPONENTS

90t id 1IS9MAEN] &

7400 TTL LINEAR e NEW FROM NEW-TONE
7400 18 7442 108 74107 49 49 LM3I0TH 35 LM741CH 45 A A
1401 21 7448 115 74121 86 3 IM0TH 35 Lmrer 50| | Tiny Meter . Small enough to add to almost any equip-
7402 2% 7450 26 74122 49 39 LM309K 125 Lmre8H 45| | ment, this 300 uA S-meter has a removeable scale. Use it
7404 21 7451 .27 14123 105 39 LM31IH 90 LM1458N 80 . . . a n
,:gg, Z?, ;:3 33 %:!%2 g? ;,g mgg: :_g "2?,“5(;! :% as is or in a voltmeter, as a tuning indicator. battery
7407 d N ic Voly 3, . H 3,
IR ol B B i00 32NN 5 Ny '3 | tester.etc. M‘eter faceis /z”X %4"". Body over-all is a %
7409 25 7472 39 74141 115 CA3005 180 LM370N 125 NE558 150 | | cube. Mounting centers 1%,"". NT579 $2.29 3 for $6.00
AT I - | e R L
d g o g H . . H i
7413 85 7475 80 74153 13% CA301BA 1680 LM71I1CH 60 UA709CH .30 12-Volt DC Relay. Rugged 12 volt SPDT re'ay' with a
7416 43 7482 1.75 74154 154 CA3026 150 LM7234 75 Ua743CH 45 | | 5amp contact rating, housed in a tough white nylon case.
74;(7, ;Z‘! ;ﬁ 1.13 74157 1.3; CA3048 '35 LM741CN M45O E NT 565 $1 79
74 11 74161 1.4 -
7422 150 7486 45 74164 165 BU(I:(IEEST(B)SGL%EEDEVI(\:/E . ” y
7‘35 ;;; "g 2;3 "‘22 153 BBD Lo ey 002 1170 Pioneer 6" Speaker - 7'2-watt, 3.2.-ohm speaker made
7427 74 d 741 1.7 MM a
Mo e 945 paper Gone, rotoctod Magnat hausing, and 2 cerarmic
: 175 1 : , protected magn ousing. and a
] 4 BEH oH Wi e HALLICDN834  1.25 DNB837 150 ?er?ninal stri;?marked withgpolarity At?eautitulzgreaarpg;
i DNB835 1.35 DNB3IBINEW) ' ; :
;ﬁg ;(‘) ;:g 3: ;::g; :.a eI O at half the price you'd expect. NT526 $2.39 Three for $6.00
7441 110 74100 1.25 74197 1.00 I q
v Watt. = 10% "$30eachto33V PC Boards — MIL grad%. e glass-epoxy boards with 2-
. . ounce copper on one side.
74L SERIES TTL 1 Watt, = 10% . $.40 each_to 3v oppe - | _—
et00 33 7“20‘ . nLs13 _g Voltages 10 200V, and = 5% Available NT521 6”x3"” $.50, NT522 6"x6” $.90’ NT523 6"'x8" $1.20
74110 741510 1. i a it. H
N ] RN S e s 1 Me’g?hr.n Potentiometer - Made l‘)y"CIaro Regulated Power Supply Components Kit - Contains the
7442 150 741551 X 7415386 550 stat. 7/, diam.. splt. knurled shaft 2" long. components needed to build a fixed-voltage reguiated
730 B SN2 68 a5y 198 LES) S WCO e B4y supply including: 117/17V-1 ampere Transformer, Bridge
74HOO TTL Rectifier, 2000 uF Capacitor, and a 1 ampere LM340
we 9w % oess 3 | B400SERIES  voirmea | | SIS B Red aIon akes s e on o oty
4 M u | ror 5 5
74H04 33 74M21 13 74M73 59 30 1R HB 150 LMaks 170 5.6 8 5 2ICHOA-OMPOnCRISION VASPECITY
74H05 35 74H30 33 74M7a 59 EAT I3 B o0 m:«aox-g :78 ,6,8.120r 15 volts NT525 $4.99 |
ZASU ORFIRR7AMSORE IR A HTGRNGE S428 125 4100 180 LMm340K 15170 .
5473 150 54LS04 100 LM340K 18 1 70 Dry Transfer Pattems for PC Boards - Includes 0.1" spaced
MOTOROLA a0 8 I IC pads. donuts. angles. and 3-and 4-connector pads.
MC663P 250 MC1460 395 RESISTORS LM340T-6 150 Over 225 patternson a 2"'x7 % " sheet NT520 $1.49
MC666P 160 MC1469R 250 o Walt = 5% Packed 5 of any -M340T-8_ 150 . o )
pEun A DR diy onevalue . ... ... 3.2 LM3407T12 150 5" Taut-Band Meter - One milliampere full scale. 32",
MC725P 150  MC1510G 800 B AHCIDE LM340T 18 1 50 scale length. Coil resistance 465 ohms. Made by Modu-
MC789pP 1.50 MC1514L 450 | \ CTANDARD RESIETANCE VA ) 4 H H
MCSP 150 MCISSSL 625 STANDARD RESISTANCE VALUES tec to(rj ?osbe. Meterts%ale I.I;\ VUsC(-20 t<|) t+ 3)..cheter |skde:
MC817P 130 MC1723CL signed to be mounted coil up. Compiete with **smoke’
MCBseP 13 NGNS 12 S32 OIS Igstic cover. Over-all 5‘/,"x4")' Met:r face mounts in a
MCE TRANSISTORS ANDIC's g, B T o ol S Y
MEB&‘;:L zgs ME%’[’ 3:22 IN THIS ISSUE. %"x2%" cutout: A beautiful meter. .89
MCy 1.25 M 1 1
MCIIOL 125 MCHOOL 265 MINIMUM ORDER $5.00
MCI352P 158 MCa024P zigg All orders add $1.50 Postage & Handling f NEW FROM NEW-TONE
MC1357 1.7 M P 4
MC1371 185 MC14507CP 125 q Canada 52000 DE SPEAKERS
MC1439 265 MC14511CP 276 N.J. Residents add 5% Sales Tax. HIGH FIDELITY
MC1458P 50 MC14512CP 1.70 B-INCH COAXIA[
C MOS ELECTROLYTIC CAPACITORS Combines a high quality 8™ woofer and a tweeter into a pre-phased
22MFS0  Axallesds .15 30MF25  Aual Leads sound reproducer Bunt-in cross-over network Excellent choice
3.3MF10 Axial Leads 15 47MF25  Radial Leads 19
o 23 4023AL 29 || 33MFI0 NoPoianty 15  47MFS0  Redieileads 24 | | 10 @ low cost HiFi system for autos. vans. or in your home
i 1OMF25  Axsilesds 15  100MF16  Redisl Leads 19 Frequency response is a smooth 80-15000 Hz. 8-ohm VC
ao0zAk 23 4029AF 35 10MFS0  Axl L 16 100MF25 RadilLesds 24 y
4010AE 58 4028AE 160 oD A B S00MEsd Al Lemas 60 | | 100z ceramic ring magnet 25W raling NT577 $13.99
ﬁ}éﬁg "g :‘:2532 i§ 25MF35  Axalleads 18 1000MF35 Awalleads . plus 40 cents postage
154 : MICROPROCESSOR
401 d
e oS A 69 C1702A 995 2708 3495 8008 10-INCH WOOFER
PrALA: () G U R GRER el el The speaker for your big sound™" system Frequency response
4021 AE 1.50 ' Contact us for all your microprocessor needs. is 20-4000 Hz: 8-ohm aluminum VC: powertul 20 02 ceramic ring
magnet and a rubberized accordion-edge suspension for excellent
compliance Handles 50 W max Use with the NT576 for a super
RECTIFIERS UNIJUNCTIONS HARDWARE - SOCKETS system NT578 $17.99
JO 100 60 65 U925 AR MO L0 et O plus 40 cents postage
or or U489, Nt
NS00 60 500 2N2646 45 MU489350 NT-505 Micaand bushing Specrfy
1N4002 70 600  2N2647 55 MU4g3a 50 T03 TO660r TO-220 10isatsifors]99 50 W DOME TWEETER
1N4003 80 700 2N4BS1 75 2N6027 55 IC Socket 14-Pin DIL $ 25 each =
1N4004 90 B00 2N4852 75 2N6028 70 IC Socket 16Pin DIL $ 27 esch Here 15 the super tweeter A rugged 10 cm (4°°) dome tweeler
1IN, 00 900 4870 Wie Wrap 16 Pin DIL $ 32 each 9
I RO o o which handles 50 W max Frequency response 1s 4000-20000 Hz
120 11.00  MU4891 50 MU20 40 8-ohm VC. 8 0z. ceramic magnet Your System can have a briliance
you never imagined NT576 $6.99
POPULARJEDEC TYPES —_—
N34 25 7N1540 90 2N2712 18 2N3394 17 2N3B56 20 2N4402 16
) 25 2N1544 80 2N289a 40 2N3a14 17 2N3866 125 2N4a03 20
1N270 25 2N1554 125 2N2903 330 2N3415 18 2N3%03 16 2N4409 20
1N914 25 2N1560 280 2N290a 25 2N3416 19 2N3904 16 2N4s10 16 ™
IN4148 25 3N1B605 175 2N290aAa 30 2N3417 20 2N3905 16 2Nad6 75
151555+ 35 2N1613 50 2N2905 25 2N3442 185 2N3906 16 2N4d41 100
2N1711 50 2N2905A 30 2N3553 1.50 2N3954A 375 2N4a442 115
2N173 175 2M1907 410 2N2906 25 2N3563 20 2N3955 245 2N4443 135
2N33BA 105 2N2102 170 2N2906A 30 2N3565 .20 2N3957 125 2N4B52 55
2N 204 75 2N2160 65 2N2907 25 2N3638 .0 2N3958 1.20 2NS061 30
2N443 250 2N2218 25 2N2907A 30 2N3642 .20 2N4037 60 2N5064 401 -
2N508A .45 2N2218A 30 2N2913 75 2N3643 200 2N4093 85 2N5130 .20
2N706 25 2N2219 25 2N2914 120 2N3645 20 2N4124 16 2N5133 15
2N718 25 2N2219A 30 2N3019 100 2N3646 14 2N4126 16 2N5138 15
2N718A 30 2N2221 25 2N3053 30 2N3731 375 2N4141 .20 2N5294 50
2N918 60 2N2221A .30 2N3054 70 2N3780 100 2N4142 20 2N5296 &
2N930 25 2N2222° 25 2N3055 75 2N3771 1.75 2N4143 20 2N5306 .20
O U O
iz 4 k 401
NEm R ANR SaER B AME shuR ghy I || POBOXTISSABLOOMFIELD, N D7oos
14 484 b : 4401 4
PHONE:(201) 748-6171,6172,6173

JULY 1978

ALL PARTS GUARANTEED WRITE FOR FREE CATALOG

CIRCLE NO 29 ON FREE INFORMATION CARD
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For All Customers Except California — CALL OUR TOLL FREE 800-421-6813 Intersil 31/2 D I G I I
Sk . 2N Numbers  2N3706 § .25  2N4427 $1.00  2N5450 § 2n
4 KIM-1 MICROCOMPUTER 2N5084 S .80  2N3707 .18 2N4858 1. 2N5451
i 2NB37 16 2N3708 20  2N4B95 360  2NS5457 .eo
9 2N699 80  2N3709 .20  2N4896 4.40  2N5458 .45
& KM Computer module from MOS Tech.| 2N706 .35 2N3710 .20 2N4B97 5.40  2NS484 go
= - 2N711 45  2N3711 .20 2N4Bg8 110 2N5490 .70
m nology — 1K RAM-2K ROM—Continuing | 5y708 a0 2n3713 148 2N4918 60 2NS671 12.00
.__,.\""‘hf f% system executive—Complete audio cassette | 2N718a 40 2N3714 160 2N4913 60  2N5672 14.00
- 15 bi . . 2N918 40 2N3715 1.6  2N4920 .80 2N5777 .80
interface—15 bidirectional 1/0 lines a 24 key | 7n939 26 2N3716 188  2N4921 .70  2N5778 55
%% keyboard and a six digit LED display. 2N930 28 2N3721 20 2N4922 .75 2NS5811 .40
. 2N1132 15 2N3724 S0 2N4923 70 2NS817 .40
Documentation—KIM-1 Users Manual—6500 Hardware Manual and 6500 | 2nv1613 32 2N3725 52  2N4983 1.10  2NS818 .40
Programming Manual. Fully Assembled and Tested . . .......... 245.00| 2v1711 34 2N3731 360 2N4984 150  2NSB19 .45
L LLITES TR L LIS T $ 2N1893 .36 2N3740 1.20 2N4987 .75  2N5822 58
. . 2N2102 .40  2N3741 150  2N4983 120  2NS824 .25
KIM-4 MOTHERBOARD— The KiM-4 Motherboard is designed to IN2160 150 2N3771 240  2N4983 160  2ZNS825 .26
i i KIM-1 mi i i i 2N2218 28 2N3772 250  2N4991 75 2N5826 30
interface a single mlcvocomp\{tev Yv.tﬁ up to six sy}nem expanslo.n N2218A 30 MNI773 380 2N4993 180  2N5827 30
modules. The motherboard also contains circuitry for buffering all appropri- | 2n2219 28 2N3789 200  2N4994 .30 2N5828 .34
N is i 2N2219A 40  2N3790 1.80 2N5038 660  2N582BA .40
ate fynsm address, data, and control lines. A +5v regulator is included to 2N2221 ‘22 N3791 185 N5039 480  2NB00D 50
provide power for the KIM-1 module from the system 8-10v DC unregulated | 2n2221a .25 2N3792  1.90 2N5086 .30 2N6001 52
power bus. A +12v regulator is provided for powering the KIM-1 audio cassette ;xg;g; ;é ;x;g;g :;g g:ggg; :gg ;:gg?: :gg
intarfaca from user-supplied +15v .. . ... .. ................. 9.00| 2n2388 30 2N3859 22 2NS089 40 2NBO15 68
2N2369 24 2N3860 .20  2N5109 190  2N6027 50
2N2369A .26  2N3866 110  2N5131 .20  2N6028 .60
KIM-3B 8K RAMBOARD ........ 00 289.000 2nza7s 6o 2n3887 200 2Ns133 .1 2neo32 2600 | BUILD A WORKING DPM IN 1/2HOUR WITH
KiM-5 ROM RESIDENT ASSEMBLER .. 195.00) 2n2a84 .30 2N3868 210 2N5134 .20 2N6033 30.00 THESE COMPLETE EVALUATION KITS
2N2605 .50 2N3877A .25  2N5172 .20  2N6034 .92
KIM-6 WIREWRAPBOARD ............... oo 39.00f 2n2608 200 2N3903 20  2N5179 50  2NB035 100 | yest these new parts for yourselt with Intersil's fow cost
2N2646 .70 2N3904 .22 2N5190 80  2N6036 105
zuzgn ‘95 IN3305 20 2ns191 80 2NB037 92 prototyping kils. complete with A/D converter and LCDdisplay
XR-2242 LONG RANGE TIMER 2N2713 .30 2N3906 22 2N514 80  2N6038 1.00 | (for the 7106) or LED dispiay (for the 7107) Kits provide all
2N2904 .35 2N3955  2.70 2N5195 .90 2NB039  1.05 materials, sncluding PC board. for a funclioning panel meter
ications— ion — al ti _ ision timing — | 2N2904A 36  2N3957 150  2N5210 .15  2N6OSO  2.60
Applications—Long delay_' generation — sequential timing — precision (Imln? IN2905 34 IN3958  1.60 2N5219 20 2N6051  2.80 ICL7106EV (LCD) $29.95 ICL7107 (LED} $24.95
ultra low frequency oscillator. Use two of these cascaded to generate time | 2n2905a .36  2N3962 .35  2N5220 .20  2N6052  3.20 -
delays or 1iming intervals up to one year. 2N2906 .20 2N3970 1.20 2N5221 .20 2N6053  2.00
2N2906A 21  2N4032 .60  2N5223 .20  2N60S4  2.40 /—\
g 2N2907 .24 2N4036 50  2N5225 .18 2N60S5  2.00
XR-2242 CP 1.24 25 up 100 up JN2907A 28 2N4037 .66  2N6227 24 2N60S6  2.40 PO RTAB L E 1 5 M HZ
1.50 1.10 90 2N2924 .30 2N40S8 25  2N5232 .32 2N60S7  2.60
: 2N2925 .22 2N4060 20  2N5232A .25  2N60SB  2.80
A 2N2926 .15  2N4061 .25  2N5249 .40  2N6059  3.20 / OSC | L LOSCO P E
B&K-PRECISION’'S NEW 3% DIGIT DMM 2N3019 60  2N4093 110  2N5294 70  2N6076 .20 v/
2N3053 .39 2Nd123 .20 2NS296 .70 2N6099 .90 =
B&K-PRECISION’s new Madel 2800 portable 2N3054 90  2N4124 .20 2N5298 .70  2N6101  1.06
DMM feat 3.1/2 digit ! -zeroi 2N3055 100 2N4125 .20 2N5306 34 2N6103  1.10
100% aeu"”e d 'g'f d'sp'lay ;u'g;e':'"_g agg 2N3375 630 2N4126 .24 2N5308 .40  2N6121 66
overrange reading for only $99.96. Basic 2N3391A .25 2N4142 18  2N5308 62 2N6122 68
accuracy is 1%. Twenty-two ranges read up to 1000 2N3392 28 2N4143 .18 2N5321 60 2N6123 88
volts DC or AC, 1000mA and 10 megohms. 2N3393 22 2N4220A 100  2N5322 70 2N6124 .80
i 2N3414 20  2Na224 1.26 2NS5323 .70  2N6125 68
All ranges are well protected against overioads. 2N3416 22 2N4228 .40 2NS336 370 2N6126 88
Even if you should accidentally apply +1000VDC to 2N3417 22 2N4235 1.80  2NS337 390 2N6218 .64
the 2800 while switched to an ohms range, no instru- 2N3440 1.00 2N4236  1.80 2N5338  4.20 2N6219 60
ment d il i 2N3442 180  2N4237  1.20  2N5339 460  2N6220 58
a,: amage will result. All DC and AC woltage ranges | 203500 Jg0 J04530 130 ons3sq 34 oness2 30
pratected up 1o 21000 volts DC or AC. The current | 5n3563 30  2n4239 180  2N6355 38 2N6223 .30
ranges receive the double protection of diodes and a 2N3564 .16 2N4248 22 2N5366 .50 2N6224 32 MS'1 5 M I N ISCOP E $289.00
series fuse. 2N3565 18 2N4249 .18 2N5367 50  2N6225 34 41140 CARRYING CASE 30.00
2N3567 .19 JN4250 .24  2N5368 25  IN6288 8D -
Model 2800 ............. . -$99.95 | on3ses 30 2N4256 20  2NB388 26 2N6290 80 .
2N3569 .18 2N4258 32  2N5370 28  2N6292 .84 -
DIP SWITCHES — SPST SLIDE TYPE 2N3638 .20 2N4347 200 2NS373 28 2N6303  5.60 41141 10TO 1 PROBE 24.50
NO N 2N3638A 22  2N434B 210  2N5375 28  2N6354  6.30
] 2N3642 .20 2N4395 130 2NS383 .58  2N6386 1.30 | PHp TH'E""‘!
P/N SWITCHES  PRICE 2N3643 20  2N4400 25  2NS5397 250  2N6387  1.40 | &
188722.01 1Roo PQNOG SWITCHES PR;SE 2N3645 20  2N4401 .25  2NS5418 .30 2N6388 150 e ep - AL ‘i?
P2y . 458722+ 6 1. 2N3646 .14 2N4402 .30  2N5419 35  3N83  1.98 - 1-;. Jujﬁ\ﬂ [
Js8722.02 2 1.08 15872207 7 1.85 2N3694 .22  2N4403 .40  2N5420 .40  3NB4 356 g dm’; -H =t AMI 6800
JS8722:03 3 )40 15872208 8 1.95 2N3702 18 2N440S .30 2NS5447 .30 . A e
2N3704 18 2N4416 90  2N5448 .30
1458722:04 " s 458722.09 9 2.00 2N3705 18 2N4a25 44 2N5449 25 EVALUATION
JSB722-05 5 1.75 I58722-10 10 220
50 VOLT CERAMIC DISC CAPACITORS B it | e DR OFESN R AN SIS ORS) KITS
$1.00 Per Package BC1078 44  BC461 132
Spf 9/pkg | 220pf B/pkg | .001mfd 9/pkg | .015mfd B/pkg RESISTOR KIT BC108A .44 8C477 52
15pt 9/pkg | 270pt 7/pkg | .0015mid 9/pkg | .02mtd  8/pkg BC1088 44 BCA78 48
25pt 9/kg | 300t 7/pkg | .0022mtd 9/okg | 022mfd Binkg S g ESTa -
27pt 9/pkg | 330pt 7/pkg | .003mfd /pkg | .03mid B/pkg 8C391 48 B8Da38 80 a2 |EVKSS oo .. $133.00
47pf Bipkg | 390pt 7/okg | D047mtd 9/pkg | .039mfd 7/pke BC440 B8 BD439 54 BD675A .30 269.95
68pf 8/pkg | 4700t 7/pkg | .006mfd 9/pkg | .047mid 7/pkg 8C441 112 BD4a4o BDE76A .90 5
100pf 8/okg | 560pt 7/pkg | Otmfd  9/kg | .imfd  6/okg TIP SERIES TRAN5|5TU RS EVK200....... FR 449.95
1500 8/pkg | 680pt 7/pkg TIP31 S .70 TIP32A S 72 TIP122 $1.24 - a5 2
TP31A 72 TiP328 - 74 TIP125 132 | EyviK300 tpictured) 699.00
TIP3IB .74 TIP120 192 YIP126 118 e ELLELLLEEEELEEEELE g
o TIP32 70 YIP121 118 TIP127  1.24
PLESSEY POLYESTER MINI-BOX CAPACITORS JAPANESE REPLACEMENT TRANSISTORS
$1.25 Pur packam 25B405 S 85  25C933 $1.00 2502034 $3.40 Soft—Touch TONE DIAL
MFO ary MFO MFO OTY MFD OTY ggcsgg sg 25C1226A 1.25 25D72 1.00 » Convert standard rotary phenes into Touch Tone.
ca E 25C1359 90  2sD313  1.10
001 8/pkg | .0068 a/ukg 039 7pks .22 Slpkg TGO G O 356828 70 55C1993 130  sc032m  12m ® lmproved microphone for better audio,
.0012 8/pkg | .0082 B8/pkg .047 7/pkg .27 a/pkg 25C929 .70 28C1974 3.00 3SK49 275 # Solid State rehiabiity.
0015 8/okg | .01  8/pkg .06 7/pkg = .33 4/pkg Each KIT Contans 20 Each of 42 Ditterent | 25C930 65  25C1975 3.10 .
.0018 8/pkg | .02 8/pkg | 068 7/pke | .39 3/pkg % WATT 5% CARBON FILM RESISTORS e
.0022 8/pkg | 015 7/pkg | 082 7/pkg | .47 3/pkg - ® Utilize for tone signalling also.
1 from 68 ohm
0027 woks | 08 ks |1 Thoks |56 v A $2490 Egg;ﬁghiy S o
K pkg | | pkg | . Pkg d Pkg E _ ! th thpiece on your telephone
0038 8/okg | 027 7oka | 15 Glokg | .82 2/pkg CARBON FILM RESISTORS (5%) a T e e e e
0047 8/pkg | .033 7/pkg | .18 S/pkg | 1.0 2/pkg Onty in Muitipies of - . » COUNTER Screw on the Soft Touch umt and you are
0056 8/pk .
d YQOWDCS D;’ Vsaéue ID:VO"&;} ® Compart (325 w175 had00 b * Seastvity 3§ mV emsnr 100 mv 9 p ready to use it
LY 1.69 per » Totar Porsabunty 14 AA cells) © Maximum lagut - 200V rms o Cames 1n Six colors—Black, Tan, Red, G
ALUMINUM ELECTROLYTIC (RADIAL LEAD! %W ... $1.79 per 100 « Low Current L § 1 Cocutry © Wont Bar twrh battees) : L5 UL LES (LY
I} Package! Pr o Fet lopur tnot ncluded) White and Yellow. Order vours today.
uantity per Package/ Price 10 100 1.0K 10K 100K 1.OM | .7 8anges tor 1He resomwtion ra ) MHs  ® Display - & digits 3 onch
MFO 10 volt 16 volt 25 volt 35 valt 50 volr 17 110 11K 11K 110K 1 1M |« Acceprs s sauare or ramp gt o imgerance - 1 meg shunted with 30 pf Order Pan Numoer  2006-Color $34.95
12 120 12K 12K 120K 12m wavetorms » Intiudes anDui Cable and nwners manua:
1 @500 7/$100  7/$1.00 15100 5/8100 13 130 13k 13k 130k 13m P FEIM . $89.95
47 WS100 MS100  6/51.00  S/S100 4/5100 15 150 15k 15K 150K 15M { g prep e MENTE ols) L. $3.20
10 7/5100  7/5100  B/S100  S/S100  4/$1.00 :g :gg ! gﬁ ;g: :gg: 1Em —
22 1100 65100 S/$1L00 48100 4/$1.00 20 200 2 OK 20K 200K 2 oM ' TRANSMISSION Send Check or Money Qrder to:
kkj 6/$1.00 6/%1.00 4/$1.00 4/$1 00 4781 00 22 220 22K 22K 220K 22M TR ) FREQUENCY P.O. Box 2208P’ Cuiver CI\Y, Calif.
41 6/$1.00 5/51.00  4/$1.00  &/$100 38100 24 240 24K 24K 240K 24M f . 69
27 270 27K 27K 270K 27M - F3om L MONITO 90230. Calif. residents add 6% sales
W0 5/$1.00  5/5100 41100 4/$1.25 38100 0 559 50 8 e 86 NITOR Mini Order $10.00. ADD $1.00 to
220 4/51.00  4/5100 3100 IS125 28100 33 330 33K 33K 330K 33M | ¢ Ideal for amateur racio CB, et tax. Minimum Order $10.00. .
330 5100 ISI00  3S125 25100 28100 36 360 36K 36K 360k 3 6M  Installs in series with transmission line cover postage and handling. Master Charge and
470 35100 38125 /8100 28125 s.g0 | 39 290 39 39 Mok agm | . (L:m,m I s 30 MHz Bankamericard welcomed (include your card
1000 - -- 2/81.28 $ 80 s120 a7 a7 * Lowcurrent LS 1 circurry X
T - - e e o bt ;:g : e ;Z': ;:g: s m s 4digt.6i LED display number gnd exp. date}. TELEPHONE ORDERS:
56 560 56K 56K 560K 56M o Max input power - 200 watts California customers (213) 641-4064
NEW from FLUKE MODEL 8020A 62 620 62K 62K 620K 62M © Size —50"wx20"hx275"d Out of State Toll Free 800-421-6813
68 680 6BK 68K 680K 68M | o power requirements — 10-16 VDC @ 454 M D ESLE) VAT
THE DMM FOR THE PROFESSIONAL e ax
75 750 75K 75K 750K 7 5M
A (ot included with umit) VISIT ONE CALIFORNIA -CANADA,.B.C.
* 200-Hr. Battery Life B2 820 B2K B2K B20K 82Mm ANCRONA ANCRONA
« 26 Ranges for 7 Functions 91 930 91K 91K 910K 100M F30M. . . .$89.95 OF OUR
» 2000 Count Resolution 1054 E El Camino Real
« High Low Power Ohms HYBRID STOREYS Sunnyvale. CA 94087
* Autozero and Auto AUDIO TODA
polarity
* MOV protected 10 6000V POWER CALIFORNIA CALIFORNIA ARIZONA
against hidden transients AMPLIFIERS ANCRONA ANCRONA ANCRONA
and overload protection . 11080 Jetferson Blvd | 1300 € Edinger Ave | 4518 £ Broardway
t0 300V AC SI-1010G (10W output)  $ 6.90 Culver City CA 90230 ) Santa Ana CA 92708 | Tucson. AZ 85711
* Diode Test Function S1-1020G (20W output}  $13.95 (213) 390-3595 714) 547-8424 (602) 881-2348
{
» Conductance Function - & e A-51-8 (Socket for above)} 95 oneaon YT T
checks leakage resistance ¥
10 10,000 mgg ahms e - & SI1-1030G (30w output)  $19.00 ANCRONA ANCRONA ANCRONA
°Size HWL (7.1 X 3.4 X 1.8 IN o SI1-1050G (50W output .80 1125 N E 82nd Ave | 3330 Piedmont Rd NE 2649 Richmond
' HARSASNDILMIE S—— Buy 2 for stereo and Arand (e CrCT $27.§5 Portiand, OR 97220 | "Atlanta. GA 30305 | Houston. TX 77098
*Weight 13 oz. ONLY $169.00 take 10% discount Data with Application Notes .50 (503) 254-5541 (404} 261 7100 (713) 529-3489
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Huge Discounts!

OBBY WORLD ELECTRONIC

Savings up to 70% om megjor brand IC parts anz computer
kits. For comr plete IC listings write for our catalog.

RN

KITS
WAMECO $-100 P.C. Boards
8K RAM 28.00
8080 CPU 28.00

KITS
SOLID STATE MUEIC
MB9 STATIC PROM/RAM

.r.. '.I \ -'r’)HHOSI >

@ Kit Less Memory 72.00
=] 12-Slot Mother VBI1A VIDED INTERFACE
o) Board 33.00 Kit 129.95
ITHACA AUDIO S-100 P.C. Boards 25'95
2] 8K RAM 28.00 Bare Board :
z-80 CPU 28.00 102 PARRELL 1/D
2 SOLID STATE MUSIC S-100 Kits & And Kludge
Bare Boards Kit 4995
o MB-3 2K/4KUEPROM ——" Bare Board 25.95
ses 1702A M 104 2+2 /D Ki= 139.95
Kit w/o EPROMS  59.95 SYNTHESIZER SB-1 MUSIC
MB-4 4K STATIC RAM Kit 35.00 Kit with
Bare Board I%ggg Softwa-e 145.00
MB6A 8K Kit 29. = 5 M
STATIC RAM Bare Board 25.95 s ;lgiasrl-_?t s 39.95
MB7 16K STATIC RAM | XB-1 EXTENDER BOARD
0o T 433-8% LT ka(b)(k)Ks = BOOKS Eare Board 8.99
- e 3 r 20 . i i i 6.95 =
MB8 8K/16K EPROM Programming Proverbs 6.95 EaiEe dnctor iRy ] SSCMN820£23(7)0V:30NI 057\/010
Uses 2708's Discovering BASIC 6.85 Digitai Experiments 8.95 i :
Kit Less EPROMs 75.95 | COBO. with Style 6.95 Digital Signal Analysis 19.95 CN 8-1702A 47.00
Advanced BASIC 7.95 Digital Troubleshooting 9.95
Basic BASIC 8.95 110 CMOS Digital IC Pro ects 595
Standzrd Dictionary of Fundamentals and Applications b
Computers & Information of Digital Logic Circuite 7.95
Processing 16.95 400 ldeas for Design, volame 2  13.75

Game 2laying with Com?(l:ners 12.95 Analysis and Design o°

Game 2laying with BAS .95 ioi i i
74L$00 TTL | introductionisBASIC ° 898 Cenputer Sysiems 22.50

Home Zompu-ers: 210Questions Finite State Fantasies 1.25 7420 11 7482 50

and Aiswers Volume 2: Software 6.95 Telephone Accessories i Ta 13 s %
74L800 .21 74L$138 .70 | Minicamputers 13.95 You Can Build 4.95 7433 13 7366 26
74L802 .21 7413139 .70 | Microcomputer Dictionary Basic Electronic Switchirg 7404 15 7489 175
741304 .24 7418151 .65 and Suide 19.95 tor Telephone Systems 6.95 ;:gg }61 ;ﬁ!l) g?
ZILI0B BE2LENI 3LSILOS) (86 [iMicragiocessers 10.95 Basic Carrier Telephony 685 7437 23 7ac2 )
74L810 .21 74L3154 1.00 Microg rocessor Basics 10.95 How to Get the Most Out of = 748 17 7453 10
74L$14 85 7413157 62 | Modem Data Communications 895 et A CEstiE et ante a2 o4 s e
7320 gs 7415160 82 | Home Computers: 210 Questions Calculator 20sil s e bl 2
74L822 23 74L8162 82 and Aaswers Volume 1: Hardware 7.95 Calculator Users Guide 7442 13 74300 28

Understanding Integrated Circuits 4.95 and Dictiona

—
N
0
w

741830 .23 74lL8163 .82
740832 .30 74L5164 .98
74L837 .31  74L3174 75
74L$38 .31  74L5175 .79
741842 .60 7403190 .90
74L$47 .75  74L$191 .90
741348 72 7415192 .90
74L873 35 7415196 .80

741874 .35 7415197 .80
SRl e
. 74L 71
;2'{:38 gg Z8L3200M L SUPPORT DEVICES
gl 7aso: 52 Jaissey 72 | 6820 8.00
;41-593 gg 7418365 .55 | 6850 8.00
4L $109 . 74L$366 .55
b 7aLs112 36  7aisaer 55 | 2212 SR MEMORY
74L$113 .36 7415368 55 8214 8.00 4007
= 7418114 . 7408386 .39 3.75
7403125 46 ailsoe. 77 gg;ﬁ RZo2e B 2009
7413126 .46 81L$96 .77 3.50 3708 12,50 2010
7418132 75  giLs97 .77 | 8228 625 5716 22.50 4011
SLES9S! 77 1| B226 3.85 51102 450ns 1.25 agi2
8238 795 21L02 250ns 1.60 ok
1101 .50 4015
2114 8.50 g
MICROPROCESSOR 4018
8080A 11.50 :gég
Z-80 24.95 2020
< Z-80A 34.95 4022
3 4023
.- 5 6800 16.50 ; - 2024
1 5716 W. Manchester Ave. | Send your complete catalog, Il 1978
2 Suite #5 E“';‘l‘" i s il
Los Angeles, CA 90045 eased enoim e ielo- o ng
1 TE EPig-il"iNE ORDERS: items | have lis:ed below: : IC MASTER
1 n Ca_l (2135 641-4200 ’ Qty. Stoc<« No. Price
P master charge | SRR [ ] e QOver £0,000
[ O coo Exp. Date ]l IC’s listed.
- Charge My 1 e QOver 2,000
i e o' ww s
] VISA 1 BAC (VISA) 1 pages.
) 0 e
ig 90 days
- | ’
: S Pestage/Hanating]. %) SULEly Retail Value
: 1 $55.00
g Address — Satisfacticn 100% Guaranteed i Your Price
i , Calitormia Residents Add 6% 1
g Citv State Zip Sales Tax ) $46.00
[] Note: Minimum Order $10.00, 5% Discount over $10C.00 on |.C's only. |J

IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GIJARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE

CIRCLE NO. B O+ FREE INFORMATION CARC
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uﬂﬁWWMmk
UART

& BAUD
RATE

GENERATOR"

Part no. 101
® Converts serial to parallel and

parallel to serial

® Low cost on board baud rate
generator

¢ Baud rates: 110, 150,

300, 600, 1200, and 2400

® Low power drain +5 volts and
-12 volts required

® TTL compatible

® All characters contain a start
bit, 5 to 8 data bits, 1 or 2 stop
bits, and either odd or even
parity.

¢ All connections go to a 44 pin
gold plated edge connector

¢ Board only $12.00; with parts
$35.00

Part no. 232

® Converts TTL to RS-232, and
converts RS-232 to TTL

® Two separate circuits

® Requires -12 and +12 volts

® All connections go to a 10 pin
gold plated edge connector

® Board only $4.50; with parts
$7.00

DC
POWER ©
SUPPLY *;

Partno. 6085

e Board supplies a regulated
+5 volts at 3 amps., +12,-12,
and -5 volts at 1 amp.

e Power required is 8 volts
ACat 3 amps., and 21 volts AC
C.T at 1.5 amps.

e Board only 8$12.50; with
parts $12.50 excluding

Part no. 111

TAPE
INTERFACE*

¢ Play and record Kansas City
Standard tapes

¢ Converts a low cost tape
recorder to a digital recorder

® Works up to 1200 baud

¢ Digital in and out are TTL-serial
® Qutput of board connects to
mic. in of recorder

® Earphone of recorder connects
to input on board

® Requires +5 volts, low power
drain

¢ Board $7.60; with parts $27.50
® No coils

Part
no. 107

RF
MODULATOR*

® Converts video to AM modu-
lated RF, Channels 2 or 3

® Power required is 12 volts AC
C.T., or +5 volts DC

® Board $7.60; with parts $13.50

RS-232/TTY *

INTERFACE "}
Part no. 600 é

o Converts RS-232 10 20mA
current loop, and 20mA cyrrent
loop to RS-232

¢ Two separate circuits

e Requires +12 and -12 volts

e Board only $4.30, with

parts £7.00

TELEVISION
TYPEWRITER

T -2V T FT=Ir I¥ -}
ey

-c.;'cac J:

Part no. 106

e Stand alone TVT

® 32 char/line, 16 lines, modifi-
cations for 64 char/line included
® Parallel ASCII (FTL) input

e Video output

e IK on board memory

e Output for computer con-
trolled curser

® Autp scroll

o Non-destructive curser

o Curser inputs: up. down, left,
right. home. EOL. EOS

e Scroll up. down

o Requires +5 volts at 1.5 amps,
and -12 volts at 30 mA

o All 7400. TTL chips

e Char. gen. 2513

e Upper case only

® Board only $39.00: with parts
$115.00

RAM

Part no. 300

e 8K Altair bus memory

® Uses 2102 Static memory chips
® Memory protect

® Gold contacts

® Wait states

® On board regulator

® 5-100 bus compatible

® Vector input option

¢ TRI state buffered

¢ Board only $22.50; with parts
$160.00

To Order:

VISA
L]

transformers
8K 3 * x
STATIC 3 E'mzm CE

® Tape Interface Direct Memory
Access

e Record and play programs with-
out bootstrap loader (no prom)
has FSK encoder/decoder for
direct connections to low cost
recorderat 1200 baud rate. and
direct connections for inputs and
outputs to a digital recorder at
any baud rate.

¢ 5-100 bus compatible
¢ Board only $35.00;
with parts $110.00

Apple Il
Serial 1/0 |

£
Interface «
Part No. 2
¢ Baud rates up to 30,000
® Plugs into Apple Peripheral
connector
® Low-current drain
® RS-232 Input and Output

SOFTWARE

® Input and Qutput routine from
monitor or BASIC to teletype or
other serial printer.
® Program for using an Apple 11
for a video or an intelligent ter-
minal. Board only — $15.00;
with parts — $42.00; assembled

and tested — $62.00.

Mention part number and description. For parts kits add “A™ to part number. Shipping paid for orders
accompanied by check, money order, or Master Charge, BankAmericard, or VISA number, expiration
date and signature. Shipping charges added to C.0.D. orders. California residents add 6.5% for tax.
Parts kits include sockets for all 1Cs, components, and circuit board. Documentation is included with
all products. Dealer inquiries invited. 24 Hour Order Line: (408) 374-5984.* Designed by John Bell.

MODEM*

Part no. 109
® Type 103
® Full or half duplex

® Works up to 300 baud

® Originate or Answer

¢ No coils, only low cost com-
ponents

¢ TTL input and output-serial

¢ Connect 8 ohm speaker and
crystal mic. directly to board

¢ Uses XR FSK demodulator

® Requires +5 volts

® Board $7.60; with parts $27.50

100
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FOR ALL CUSTOMERS EXCEPT CALIF.

CALL TOLL FREE 800-421-5809

21L02 (350ns) 1702A 6502 2708 (450ns) 21L02 {250ns) Z—80A 8212 4116 _(200ns)
Static Rams E-PROM Microprocessor E-PROM Static Rams Microprocessor 8 Bit 1/0 Port| 16K Dyn. Ram
120 @ $1.00 ea. $4.75 ea. 5 @ $11.00 ea. | 8 @$9.00 ea. 100 @ $1.25 ea. 5 @ $25.00 ea.| 25 @ $3.00 ea.|] 8 @ $24.00 ea.
Z-80 |8224-4 410D (200ns) TMS 4044 45200AR(200ns) La Ls;ébzf LALsts . zcshl:s (5\%
Microprocessor &Dvr. t tatic ams ex uffer ex Inverter aracter en.
A B b T Y (1%5%‘%&95 ea | 25 © 91000 ea. | 100 @ 707 ea. | 100 © 70y cal €76 $9.00 ea.

MICROCOMPUTER COMPONEN

MICROPROCESSOR'S MISC OTHER COMPONENTS
F8 16

TU-d

95 R
Z30A 3800 Ne 126 ] ool S s
2.10
g:&%lawCD ;2 g :”;2 2u10 \ér;eu Maorutor
B 1.35
AM2301 2 5 NBT97 1.3% S8 95
6502 11.95 NET98 1.35
6800 18.95 B1LS95 2.00
e, ag T
n . 1.7
sa3s 2200 1ags 1,75 JADE 8080A KIT
80 A B 4.00
o S N $100.00 ko
TMS9900 14.20
) pi2li 1000 sare soarp $30.00
80B0A SUPPORT DEVICES 83333 Aoins
8212 .50 D3245 5.60
8214 .00 C3404 6.75
HIN i E;g?ﬁ g MEMORY PLUS
82z .
8224-4 95 MMS 320 7.50 Ly
8226 95 MMS 369 1.90 for KIM-—1
8228 .95 TMSS501 24.95
8238 7.50 OMg1 30 290
e
8251 3 .50
8255 21.95 DM8815 250 ASSEMBLED & TESTED
8257 21.95 DMgg37 1.75
8259 21.95 MK50240 2000 $245.00
B27% 15.00 MK50250 15.00
8279 20.00

FLOPPY DISC CONTROLLER

A HEH 1

77 B

KEYBOARD CHIPS ASSEMBLED & TESTED _$245.00

- 3.

Bvame [l MOOEM

HROM:S X5 80-103 A Serial 1/0 and FSK modem
2704 15.00 for professional and hobby communi-
208 1200 cations.

e 39 *Completely compatible with your
g” zg.g IMSAI, ALTAIR, SOL, or other S-100
0328} 1320 microcomputers.

HEAS 5 *Designed for use on the dial phone
6834 17.50 or TWX networks, or 2-wire dedicated
(LECE e lines, meets all FCC regulations when
33535 R used with a CBT coupler.

2zye SFS0 *All digital modulation and demodu-
6800 SUPPORT fation with on board crystal clock and
e 48 precision filter mean that NO ADJUST
§820F 15 MENTS ARE REQUIRED.

gy S *Bell 103 standard frequencies

ta3ep 16-9 *Automated dial (pulsed) and answer
Feis T *Qriginate and answer mode

HH 109 *110 or 300 BPS speed sefect

68626 og *Complete self test capability

1 %3 *Character length, stop bit, and parity
6880P 2.5 *90 day warranty and full documen-
Z80 SUPPORT DEVICES tation.

(HE; 1332 PRICES:
CHARAGIER CENERATIORS Bare Board & Manual  $49.95
ggié SECTEH Assembled (48hr burn) $279.95
Vv I PR JG—DCA Kit $159.95
veRi n
WAVEFORM GENERATOR full ASCH

038 .
acEo2u 723 PROFESSIONAL KEYBOARDS

s * Full 128 Character ASCII
$16D/4116 20 * Tri-Mode MOS Encoding
1103 1.0 * MOS DTL TTL Compatable Output
s I * Two-key Rollover
210784 3. * Level and Putse Strobe
e o * Shift and Alpha Lock
TMS4070-2 32. * Selectable parity (56 keys)
:??g/nw £ * Positive or Negative Logic.
MM52 4.
2 PRICING INFORMATIO

Model 756 (assembled)
Model 756 K (kit)

Model 702 enclosure
Model 710 Numeric Pad
Model 756 MF Mtg.Frame

MOTHER BOARD’s - S-100 STYLE
13 siot with front panel slot

BARE BOARD $35.00
64 KIT $80.00
2102 1;155 1172-‘631 l-: 22 SlOt $149-95
21002 (350) 160 1.35 1.25 Assembled & Tested
21102 5250; 1.75 160 1.50
1107 Nas 9 Tde CONNECTORS
21011 295 2,75 2560
it Vi by 1S
gii“ ‘ﬁ \280 23 DB-25P $2.25 DB-25S  $3.25
SL 11. 5,00 8.30
Sito 3 235 200 ) COVER $1.50
Hi3 335 370 333 44 Pin - PC & EYE $1.95
IMseote  ses 300 B33 44 Pin - WW $2.50
TMSROLs  ipog o0 2523 86 Pin - (6800) PC $5.00
Tacho 325 305 285 86 Pin - (COSMAC ELF) PC $5.00
145201 is o0 3% 100 Pin - {Altair) PC $4.50
giss 178 };gg ’ 100 Pin - (Imsai) WW $4.25
$ieec 185 13 1N 100 Pin - (IMSA1) PC $3.25

CIRCLE NO

JULY 1978

22 ON FREE

THE PROM SETTER

WRITE & READ
EPROM
1702A - 2708 - 2716 - 5204 - 6834

*Plugs directly into your ALTAIR,
IMSAI computer.

*includes main module board and
external EPROM socket unit.

*The EPROM socket unit is connected
to the computer through a 25 pin
connector.

| *Programming is accomplished by the
computer.

*Jst read in the program to be written
on the EPROM into your processor
and let the computer do the rest.

~Use socket unit to read EPROM’s
contents into your computer.

-wih PROYISIONS tor KIT

ONBOARD 2708 and POWER ON JUMP

$135.00 EA.
$149.95 EA. -
BARE BOARD $35.00

JADE VIDEO
INTERFACE KIT

FEATURES $99.95

S-100 Bus compatible . .
32 or 64 Characters per line - 16 lines
Graphics (128 x 48 _matnx)
Parallel 4 compositive video

On board low-power memory KIT $21000
Powerful software 'ncluded for cursor,
home, EOL, Scroll Graphics/Character ASSEMBLED $375.00

Upper case, lower case and Greek.

Black-on-white & White-on-black. IS-100 Power Supply with Cabinet

JADE PARALLEL/SERIAL
INTERFACE KIT

$124.95 KIT
S-100

2 Serial interfaces with RS232 inter-
interfaces or 1 Kansas City cassette
interface.

Serial interfaces are crystal controlled
Sele .ie baud rates.

Casse ..e works up to 1200 baud.

Power supply +8v at 18 amps
+ 16v at 2 amps

Has connector for Power_output .

MODEL UPS=600 size 5" Hx8"Wxg'%"D

PRICE $149.95

E-PROM BOARDS

deld IMMHeNl SOINOH LODIT=

1 parallel port. MR-8 (8K ES?SKZ;OAS'\)A KIT $99.50
wit
STATIC RAM BOARDS MR-16TW(i1§§kJs§sA2N7'16) KIT $99.50

ASSEMBLED & TESTED

MM-16 (16K uses 2708)
8K

RAM/N/ROM (16K uses

$99.00

Ram 8 (250ns) $169.95 E-PROM) KIT $117.00
Ram 8B (450ns)  $139.95 1G-8/16 (uses 2708 or Sl
250ns KIT Mem-1 $169.95 2716) KIT $59.95
450ns KIT Mem-1 $125.00 BARE BOARD $30.00
Bare Board $25.00

6800 Adapter for EXPANDABLE E-PROM - S.D.Sales
S-100 system for 16K or 32K EPROM $49.95 without
Mem-l only KIT $12.95 EPROM
16K Uses 2114L Allows you to use either 2708's for
Ram 16 (250ns) $375.00 16K of Eprom or 2716’s for 32K of

EPROM.

Ram 16B (450ns}
32K

$325.00

FLOPPY DISC INTERFACE

JG-32K {250ns) $875.00
JG-32KB (450ns} $775.00 i bell Board
450ns KIT $675.00 JADE FloppKynl?lsc T €$17053'0)0 ea.

DYNAMIC RAM BOARD

by S. D. Computer Products

On board refresh 1s provided with no
wait states or cycle stealing required.
+8vDC 400MA DC, +18vDC 400MA
and -18vDC 30MA DC.

EXPANDABLE 32K {uses 4115) 200ns
8K Kit $151.00 24K Kit $367.00
16K Kit $259.00 32K Kit $425.00
EXPANDABLE 64K (uses 4116) 200ns
16K Kit $281.00 48K Kit $757.00
32K Kit $519.00 64K Kit $995.00

16K STATIC BOARD

with memory management can be used
with Alpha Micro or Cromenco
Systems.

RAM 65{250ns)
RAM 65B {450ns)

S.D. Sates Versa Floppy Kit

MODEL 801R Shugart with
Disc Cabinet

Inciudes Cabinet, Disc. Drive, Power
Supply, Cable, Fan & Data Cable.

Has AC line filter.

Cabinet size 10"H x 10”"W x 16D
MODEL DM 2700-S $835 00 ea. |

Computer Products
RETAIL STORE HOURS Monday Fuday 9-7
Satuiday 95
Discounts avanable at OEM quantites ADD $1.50
under 10 1bs tor shipping  Cahfornia residents add
6 . sales 1ax

NEW CATALOG NOW AVAILABLE

$350.00
$390.00

COMPUTER MAINFRAME

Includes: $295.00
Power Supply +8v at 18amps
116v at 2 amps
12 slots with
connectors Assembled & Tested
Has Whisper Quite Fan & AC line fitler]
Cabinet size 7'H x 19"W x 22" D
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PRINTED CIRCUIT BOARD B 25p mote 5295 ave Bridges INTENTEE ABO UT YOUR
CONNECTORS DBZsS'emzle $3.50 PRV ] 2A | 6A | 25A] aeirs 22 24 pIN . a0 e —
a¥z x 6% SINGLE SIDED EPOXY BOARD 100 1 1.30
1716" thick, unetched $.60 ea. ... 5/$2.60 TRANSISTOR SPEC|AL§ 200 751 1267 200 14 PIN .25 28 PIN 50| N
2N6233-NPN SWITCHING POWER 1.95 3 2 SO ‘
7WATTLD-65 LASER DIODE IR $8.95 MRF 8004 a CB RF Transistor NPN $ 1.50 533 : 22 }Z :: iﬁ e SU BSCRI PTIO
DNPN G T $ 100 . .
N 259 RFET 2N|546PNP GE 703 s 75 ! Your subscription to PoruLar
EN 330 RIGcE N BiGDES ENe ; s,:Nxer:v&u]?lso POWER AMPS EhLECTRONK‘:S is maintained on one of
010G 80
MINTATURE MULTI TURN TRIM POTS 2N|420;,NPN SRS ot " 00 .Jv 1020 G 20 WATTS ~13 70 the w0r|d s most mOdern' efvflcugnt
HEE) G o B TR, IR B ENOIIENECRE 51050 G 50 WATTS 52590 computer systems, and if you're like
200K, 500K 1 Miag. 2Meg. 575 msch 3/52.00 [ Sud LA MO S: it 99% of our subscribers, you'll never
- dvsv:uPA)(lzc BOARD Rl (e E wus CCITOS — have any reason to complain about
id 1 pIRa i S 22 35V bo3HY S H R .
En(oé(’%l%:o' r?l, & l“ < ?;!"qgnzqfecsa:rfé 3 i 50 a7uk $100  10UF mJV s 25 your subscription service.
apt
B IC o' 5. b LS ol I W0 B P et i3 R0Y ?SSE?SV 5 4 We have found that when com-
St UL (e 0 - o o1 0 e e plaints do arise, the majority of them
. VELLOW, GREEN o1 AMBE B0 PN ; s 45100 a70F 2oy S 38 i
LARGE LED's 2 6/$1.00 I 52 00 | TT0RTev S 00 cail, S occur because people have written
TIL118 OPTO-ISOLATOR § 76 - their names or addresses differently
MOLEX PINS 100/51.00 _1000/S8.00 TTLIC 51595'55 sse s | 14LSSERIES LINEAR CIRCUITS at different times. For example, if
Silicon Power Rectifiers T R e L e R e A A your subscription were listed under
PRV 14 14 LA _240A ’ 2 03 3% 39 Lm307 30 H'YHIH i
e ———] S R R B A SRl e Cancs Mid
i 4 L 1
5 B Slat 950 ;:gg :: ;::; ;; 1:32 g: 74176 75 741508 21 7818151 70 LM 318 € own' ”Eo.na’ and you were to
2.2 7407 20 7845 85 14107 28 74177 7S 741509 28 74U5153 - 70 LM 319 95 renew it as ‘"‘Bill Jones, Cedar Lane
6 ! B 8 12.50 7408 18 7498 68 Ia121 39 74180 65 74L510 21 74LS156 0 LM 323 106 . . " 1
800 15 3 [ T It R O e TR LS 21 7alsise 70 M 339 10 Middletown, Arizona,” our computer
1000 X 4 ] I > 4 2 1aLs13 41 74L8157 - 72 LM 358 o H
SAD 1023 a REDICON 1024 siage anatoa Py pE) oy s Baasegrd TN 74LS15 . 25 748160 - 88 LW30 115 WOU_|d ‘thlnk that tWO separate Sub-
Guckel Brigade” shilt reglster. ... $18 95 3 ds e s raiso sa MIS3 19 740520 24 7aLs161 85 LM377 250 scriptions were involved, and it
N 4148 (N9Te s s 60 gara 28 s e 79198 79LSZ1 76 7asi62 85 Lw 380 e . d
2708 B 8RN (40 sl e @ am e de e g s | 2 gasied - g5 Lwer o2 would start sending you two copies
EAYAES e 7 Tar o 86 74LS: 74181 ™
A o LT O Loy A [ bl e o 740527 32 7418168 BS5 Lm537 250 of PoruLar ELECTRONICS each month.
L g 1 741 74157 8. 6 0 N -
e P78 R e AU %o 2 32 nwss 110 e 3 Other examples of combinations of
i 742 . 4163 55 ! 740837 32 00 LM 556 85
e i, R e s i e e R names that would confuse the com-
o $ios 204 gimmeter L4V a1 500 ma $4.00 giLssn prsiiom pejl 369 - puter would include: John Henry
024 UV PROM § 1p5 41547 65 74L5191 95 565 35 . .
5208 4K PHOM 51098 N LED READOUTS TaLs47 79 7415192 95 566 125 Smith and Henry Sm|th; and Mrs.
ws: )uunm e FND 357CC 4" $ 50 - 74L551 26 7415193 95 567 130 J h J d M J M
s MaoE crik S 955 FCCS 8021 o W“ . gt7g'7 g Ac ’é” z‘ ZE 720554 2% 74L5195 95 703 % QSep ones an ary Jones. Minor
BN S T e enren g11s0 FND 503 C.C. 5" 5 85 FND 800 C.C 8" 5105 | Jise 35 NS0 - % 709 2 differences in addresses can also
B 10 5 2 Yy S
e i DLoY 30 CC” 3 a D OUTCA ETSIeS] g o omsm az ancev 3 lead to difficulties. For example, to
EATR L ARG HHE ey eo veLszsE - 0 w0 250 the computer, 100 Second St. is not
DATA CASSETTES  $1.25 . 705279 - 55 1156 95 )
AP PROTO BOARDS USED FOR = s e2 55 JaLsies 55 156 50 the same as 100 2nd St.
SOLDERLESS BREADBOARDING 44 Pin Solder Tail Connector 156" Spacing $1.95] 74Lsed 5 2ol il s e S h i
263L 128 FIVETIE POINT $12.50| MM 5387AA new ciock st which will drectly 2905367 - 55 3900 P 0, please, w €n you write us
212R — POWER Hongb T3 2'50| dive LED's 12/24 hes 1 supply & alaim $5 .95 e Thy a4 about your subscription, be sure to
I MINALS O‘NT. $10.00 Teiarzs w1680 5 enclose the mailing label from the
200R P()WEH BOARD : s 225 | CT5206-8 eiant posinon dip switcn $190
’ IC TEST CLIPS *#21 CT5.206 4 tour positon cip switch  $175 m cover of the magazine—or else copy
TC 14 ;‘ESGOULATTO(RIS $4.75 A AN ST S PRV 14 10A 25A A your name and address_exaCtIy as
7237 g % orai s os rm.;;gg ;L[))TT 2: % 100 au /0 130, 40 50 120 th‘?y a.plpear on the mailing label.
U8 or 2 3 e
# 3387506, 503 T 200 W0 751 60 70 160 This will greatly reduce any chance
mmls“, Tsroo oMoV o Lever swiicns 189 | 200 170 160 7601100 130 290 of error, and we will be able to ser-
MTA 206 P-DPDT Center Otf $1.85 1 2 3 60 150 3.00 3
P vice your request much more
uickly.
Lo FOBCombtn et e 154 10 coe et SOLID STATE SALES quickly
or Transistors and Rectiliers
'”c'“‘;s':;'a:% 145 Hampshire St., Cambeidge, Mass P.0. BOX 74A
T 8500, SOMERVILLE, MASS. 02143 TEL. {617) 547-7053
CIRCLE NO 45 ON FREE INFORMATION CARD
Introducmg Prime 4000 Series CMOS At Lowest Prices Anywhere == !
In our continous effort to offer yvou all vorr compuments’ needs, at lowest possible prices; this  selection of these devices. offered anvwhere, as nsual, we snarantee that these and every other

month we are introducing 4000-5¢eries CMOS 1Cs. Resides this being one of the most complete  item pucchased from ws. to be of Prime, First-Run quality with full manafactivers’ markings.

. 7480 ... 031 | 74181 . 175 | 741842 . 0.60 | 74L$192 .0.90 | 74578 . 058 | 74C48 .. 036 | 4007 . . 0.16 | 4086 ... 064
YESTORREN | 7452 . 050 | 74182 . 075 | 74LS47 . 075 | 74LS193 .00 l 748112 _0.58 | 74C73 ...062 | 4008 ....0.74 | 4089 . 275 NIINILTSTRIREREN

7483 ... 054 | 74184 . 175 | 74LS48 . 072 | 7415194 .0.85 | 74S113 . 058 | 74C74 .. 048 | 4009 ...035 | 4093 ... 155 | Merchandise Total Discount

7400 8014 | 7485 ... 080 | 74185 ...1.75 | 74LS51 ..025 | 74LS195 .0.50 | 745114 . 058 | 74C76 ... 0.68 | 4010 . 035 | 4098 . 210 | S 000-S 999 NET

7401 . 015 | 746 ....0.27 | 74188 ...280 & 741S5 ..025 | 74LS196 .0.80 = 745132 .0.75 | 74C83 ... 128 | 4011 . 0.16 | 4104s...240 | S 7000-S 2499  LESS5Y

7602 .. 015 | 7489 . 175 | 74190 095 74LS55 025 | 74LS197 08O | 745133 038 | 74C85...120 | 4012 .06 | 4503 ... .098 | S 2500-§ 99.99. . LESS10%
7403 .05 7490 040 74181 . 085 | 74(S73 . 038 | 74(S221 105 | 745134 .0.38 | 74C86 ..040 | 4013 031 | 4607 ... .037 | o

| 100,00-5499.99 ... .. LESS 15%

7404 D16 7491 .. 051 | 74182 . .080 | 74874 035 | 74LS251 080 | 745135 049 | 74CB) ...395 | 4014 . 073 | 4510 085 | < gnoon cocoon s oon

7405 ... 0.16 | 7492 ....040 | 74193 ... 080 | 74LS76 . 037 | 741S253 080 | 748138 . 077 | 74090 .. 092 | 4015 . 073 4513 093 .
7406 ...024 | 7493 .. 040 | 741324 ..080 @ 74LS78 . 036 | 74LS257 070 | 745133 . 150 | 74093 . 092 | 4016 . . 028 | 4512 . ..o6a | S'00000andUp....... LESS25%
7407 ....024 7434 ... 060 | 74185 .. 049  74LSB3 ..075 | 74LS258 070 « 745140 . 047 | 74C95 . 104 | 4017 . 078 4516 . .0.76

7408 .. 0.17 | 7495 . 060 | 74196 ..073 | 74LSB5 ..1.30 | 74LS259 .160 = 74S151 .. 125 | 7aC107 . 068 | 4018 .. 078 | 4518 ... 076 ERENIIGDEGIEERTORNEGEES
7409 . 017 | 7496 ....080 | 74197 ...073 = 74LSB6 ..036 | 74LS260 .0.34 = 748153 2.0 | 74C151 178 | 4019 .. 021 | 4519 ... 062 | ifyour Merchandise Total is hetween.

7410 ... 015 | 7497 . ..245 74198 ...1.30 | 74LS90 .. 0.50 7415266 .0.26 | 748157 .. 0.75 74C154 ..290 | 4020 ..083 | 4520 .. 068 $ 000-$ 499... ... . add $2.00
741t . .0.18 | 74107 .. 028 74198 . 130 741892 . 050 | 7415279 0.5 745158 .. 1.2% 74C157 ..1.78 | 4021 . 083 | 4527 148 S 500 824.99. ~add $1.00
7412 ....020 | 74103 ..032 74251 ... 1.00 741593 .. 050 | 7415283 .0.72 745174 150 | 74C160 . 108 | 4022 ....083 | 4528 ....086 $ 25.00-849.99. . ... .. .add$0.75
7413 ..025 | 74121 ... 029 74278 ... 049 741595 .. 085 7418290 060 | 748175 . 145 74C161 .. 108 | 4023 ... 016 | 4532+ 086 $ 50.00-899.99 . _add $O.50

$100and Up . . . NO CHARGE

7416 ... 022 | 74123 ...03% | 74290 ...059 | 74L5108 .035 | 74LS298 090 | 745194 .. 175 = 74C163 .. 108 | 4025 .. . 0.16 4555 ....067
TAIT..022 | 74125 . 03] 76293 . 057 | 74UST12 035 | 7aLSISh 052 | 745200 325 MCIGE. 108 | 4027 . 037 4556 ...088 oo
7420 ... 015 | 74126 . 038 | 74298 ..092 7418113 .035 | 7415366 .0.52 | 745206 ..3.75 | 74Ci65 . 108 | 4028 ....0.73 | 4682 .. .0.88 LR S SR T LU G T T
7421 047 | 74132 . 0.65 | 74365 . 062 | 74LS114 035 | 74LS367 052 | 745253 ..0.95 | 74C173 . 116 | 4029 ....0.98 | 4584 ... 074  First Class Mail or UPS (your choice),
7423 ... 025 | 74147 070 | 74366 . .062 | 74LS123 .0.90 | 7418368 .0.52 | 748257 .1.15 | 74C174 . 1.0B | 4030 . . 0.2% | 4702 .710 | and insurance on all domesuc
7425 ....025 | 74145 ... 065 | 74367 ..062 | 74LS125 .046 | 74LS386 .036 | 745258 . 1.15 | 74C175 .. 104 | 4031 297 | 4703 .. 825 | shipments

7426 .. .022 | 74147 . 150 | 74368 062 | 74LS126 .0.46 | 74tS390 165 | 745280 ..225 | 74C192 . 130 | 4034s....2.75 | 4704 ... 730

7427 ....019 | 74148 ... 115 7418132 072 | 74L$393 135 | 74287 ..320 | 74C193 130 | 4035 . 084 | 4705 ... 925 | IS EYSEIMTIIITENT]

7414 ... 055 | 74127 .. 035 74283 ...1.00 | 7418107 035 ‘ 7415295 . 030 748189 ..2.75 74C162 . 1.08 | 4024 ... 066 | 4539 ... 110

RGES

7430 ....0.15 74150 079 ‘ 74LSxx TTL [EREEIKEINY] l 7418430 110 745289 355 74C195 .. 1.10 4040 .. . 086 4706 ...9.75 coD .. 81.00—additional
7432 . 023 | 74151 .. 059 | 7418136 . 0.35 7415670 229 745300 .. 1.60 74C200 .750 4041 .064 4707+ ... 925 UPS Blue . . $1.00—additional
7437 .01 74152 .. 059 741800 . 80.21 7418138 .0.70 748305 .. 180 740221 1 32 | 4042 ... 064 ‘ 2;?3' . lgig Postal Insurance . . S1.00—additional
7438 ... 021 74153 .. 0.60 741801 .. 027 7415139 .070 ZCTTEREEN 745310 .. 285 74C901 0.4 | 4043 .0.62 o Special Delivery . . . $1.25—additional

7438 .. 025 | 74154 ... 095 741802 .. 0.0 7418151 0.85 748312 1056 | 74C902 ..048 | 4044 0.62 | 4720 ....6.95

BncAwEncaty

.0.26 | 40162 ..
4 4070 ... 0.40 | 40183 ..
0.26 74C928 ..7.30 | 4071 ..0.9 | 40174

7440 .05 | 74155 0.65 | 74LS03 ..021 | 74LS152 .0.65 | 74500 . $0.35 | 748313 155 | 74C903 .. 048 | 4046 135 | 47213135
7441 ....070 | 74156 . 0.65 | 74LS04 .. 024  74LS153 066 | 74502 ...0.35 | 74S316 .. 280 | 74C804 .. 048 | 4047 145 4723 093

7442 ....038 | 74157 ... 059 | 74LS05 ..0.24 | 74LSi54 .1.00 | 74803 ...035 | 748341 ..4.10 | 74C905 . 600 | 4048 ... 085 | 4724 ... 129

7443 055 | 74158 . 059 | 7ALS08 . 023 | 74LS1%5 062 | 14504 ..036 745342 . 120 740906 028  aoas 033 | ar25 129 MINLLARGT-RR{el\T:\M
7444 .. 055 | 74160 ..0.79 | 74LS09 . 023  74LS156 .062 | 74505 .. 036 745343 . 485 | 74C907 048 4050 ... 033 | 40014 072

7445 . 085 | 74161 ...079 | 74LS10 ..023 | 741S167 .D62 | 74508 ... 0.38 | 745346 ..125 | 74C308 . 096 | 4051 .. 0.8 40085 .. 147

7446 ... 0.62 | 74162 ...079 | 74LStt .. 021 | 74LS158 .0.70 | 74509 ...038 | 745362 ..2.15 | 74C909 . 178 | 4052 ....0.89 | 40097+ 054 COMPONENTS

7447 ... 057 | 74163 ...0.79 | 74LS12 . 027 | 74LSI60 .0B7 | 74510 ... 035 | 748387 . 470 | 74C910 . 6.00 | 4053 ... 0B = 40098s 054

7448 . . 0.60 | 74164 .. 079 | 74LS13 ..040 | 74LS161 082 | 74511 .. 0.38 740914 . 090 | 4060 . ..140 40106 ...090 [ReeI{=e]:7:ygle])]

7450 . .0.15 | 74165 ... 090 | 74LS14 . 085 | 74LS162 082 | 74815 ... 038 EFTIEETE ‘ 740918 .. 116 | 4066 054 | 40160 . 108

7451 ... 0.15 | 78166 .. 095 | 74LS15 ..026 | 74LSI163 082 | 74820 ...0.35 740925 .. 730 | 4068 ... 034 | 40161 ...108  P. O. BOX 1837

7453 ... 015 | 74167 ... 320 | 74LS20 ..0.23 | 7415164 .098 | 74522 ... 036 | 74C00 ..$024 | 740926 . 7.0 | 4069 .. COLUMBIA, MO 65201
7454 ... 015 | 74370 ...185 | 74US21 ..023 | 74LSI68 .0B3 . 74830 .. 0.27 | 74C02 . 024 | 74C027 . !

7459 .05 | 74173 .. 110 | 740822 .. 023 | 741S169 .083 | 74832 .. 0.50 | 74004 . PHONE: (314} 874-1150

7460 ... 015 | 74174 . 085 | 74LS26 031 | 74LS170 160 | 74840 ...035 | 74008 ...0.25 4073 . 021 | Items indicated
7470 ....027 | 74175 ...075 | 741527 .. D26 | 7418173 100 | 7485t ...0D.17 | 74C10 . 024 4075 .. 0.21 | by () were in

74176 .. 069 | 74LS30 ..023 | 74LS174 .075 | 74560 ...035 | 74C14 .. 0.90 4076 116 | ffansit to us Y
7473 ...024 | 74177 ...070 | 741532 ..030 | 74LS175 079 | 74564 ...0.38 | 7420 .. 025 | 4000 ..S0.16 | 4077 ....046 | ag ropy was
7474 ....026 | 74178 .. 120 | 74LS37 ..031 | 74LS1B1 .250 | 74565 ..038 | 74C30...0.24 | 4001 .. 0.6 | 4078 . 0.35 | being preparec.
7475 ....045 | 74179 . 120 | 74LS38 031 | 74LS190 090 | 74574 . 058 | 74C32 ...025 | 4007 ... .0.16 | 4081 . 019 | Plesse inquire

7476 . .. 029 | 74180 . 0.5 | 74LS40 .. 026 | 74LSIS1 090 | 74576 ...058 | 74C42 .. 0.94 | 4006 . . 085 | 4085 .. 064 :bhllﬂ\l/” 2eli
| .

7472 . .024

CIRCLE NO 21 ON FREE INFORMATION CARD
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I AMAZING EARADIO ‘(;_ -
— . . THIS 1S PROBABLY THE WORLD'S SMALLEST 4\}
RADIO. |7 WEIGHS ONLY 1/2 OUNCE AND 1§ £

WORN BEHIND THE EAR. CONTAINS AN IC AND $5 95
.

fl

+ETCETERA,

H8 COMPATIBLE SEVERAL DISCRETE DEVICES 10 GIVE AN EQUI-
MEET THE ECONORAM ECONORAM VIT™™ KIT ($235) VALENT OF 12 TRANSISTORS. THE RaDIO HAS A T.R.F,
FAMILY ... 12K x 8 for the H8, with the same features oeSTenRoscaiy oA RIRETAN  ONSTSE AUk

HEARING 41D SATTERY (INCLUDED). |7 PROVIDES
GOOD VOLUME 10 EARPHONE ON SEVERAL STATIONS IN
METROPOL ITAN AREAS. DOESN'T REQUIRE ANY ANTENNA,

that have made our S-100 boards so popuiar. Ad-
ditionally, ail sockets and bypass capacitors

These static memory kits (one for the H8 i GROUND OR OTHER ADDITIONAL WIRES - FULLY SELF
buss, ail otherfs S$-100 compatibie) deliv:r ?i;ema!;ﬁgdtyhesglgstatrzgr;r\mp:(ei\;:gus”%%? C20agel CONTAINED & xumauﬂixzs: 1 1/8"x1 1/¥"x3/8",
outstanding performance at prices even the
dynamics can't match. What others consider o 00 0000000000000 grys.ltlalt 14.04 E 73 EIBISI’?"B‘SCR,ZOOV
“extras” we consider necessities, such as full JUST IN TIME — 12V CLOCK! @scillatar EA0s
buffering on all lines. reliabie DMA, sockets for The MA1003 clock module is a complete unit. @y 2328 5198 ™ 8 for $1.00
all ICs, gold-plated card fingers, prime @ $16.50 31$46 - -

ICs .. .and all the other signs of quality that o g or ® m“" roctinizd it Lhice
make up an Econoram. No matter what machine eessssss st st sssersssssssessees s S 8 SN o 200 vorr
you use, we want to be your memory supplier: ® FRE~-80 J6K CONVERSION KiT ! ® i3 55 500 ‘”";‘;’:M ‘i”{]_
and we know the best way todo thatis tooffera @ . = A A
superior product at the lowest possible price. JUST 1N - NO TIME To SET TYPa. CUTAINS 8 Electronic Warning Flasher Kit

@ LuPD4Is [xi6K DYNAMIC MEMORIES AND /NSTRUC- . This battery operated device continuously

TIowS ON CONYERTING YOUR 4K TRS-89 To Y@ B e ve; ik, ’
. o ) ; ;

NEW! 16K x 8 ECONORAM IVT* KIT 16K MAGHIE . SAVE 3100 - ONEY SIS0 s O e G L .

($329) ses0000sssssssssssssssesseseee RS

RELAY SPECIAL: Beautitul little Electrol reed

board & easy to understand instructions.
i Uses high-output xenon flash tube which
Guaranteed current consumption 2000 mA. % imes

* Minimum orda; SE:.OO
* Please \nclude $1 for postage
CHANEY s yisa, MC and COD accepted.
electroncs = Phone orders are welcome,

NOTE: The above 3 boards are guaranteed com-
patible with $-100 systems running at 2 MHz.
However, due to our conservative design,users
report excellent results in 4 MHz systems also.

BILL GODBOUT ELECTRONICS
BOX 2355. OAKLAND AIRPORT. CA 94614
PO. BOX 27038. DENVER, CO. 80227 Ph: (303) 973-1052

[ J
000000000000 0000C0OCGOOOOOOS end for our FR ATALOG of uniaue

CIRCLE NO 16 ON FREE INFORMATION CARD CIRCLE NO 7 ON FREE INFORMATION CARD

[ ]
[ ]
° o
Qo . B Hash t second when batteries
Manual write protect switches for £K blocks; e ’e'%ys DPST& N-Odv*iv coil; 1 m°Ur|‘"”92/°se”;e'W"h [ ) are fresh ;8;;‘;?;5 continuously for, 12
A h s . 9 s i B kal G tteries. You
use ?'3‘5" or wnhoutlphantom line. Fully static. @ 1107 spaced leads. Now on specia at 2/$1.50 . :g:;soglny was‘u;'i‘f O Dateries. You 23207 $6.95
Add for assembled/tested ® ELECTRIC MOTOR SPECIAL: From time to desired. a battery hoider & case { 3 for $18.00)
™ @® time we luck out and pick up a True Gizmo. This
NEW! 24K x 8 ECONORAM VII KIT ° time, we're offering some of those small DC motors . [-1.,Y Green Neon
($490) (run on about 1 to 5V DC) you find toys, games, win- . TRIGGER Same as NE2
Our densest board is your best value in 24k @ dow dispiays, electric toothbrushes. etc. Now g‘gEg'E"&”so 1
memory. Current consumption under 2500 mA, @ wriyn; on special at 10/$2.95 .. .how can you go ' CONS 2 l'or 1| o on T50v
? required 10 rg
Setoued sstucleHloda duoakpiecty g S 6w $100
switches (opr each block. Use with or without @ EEANSISITOR LSRECYAL: INFRRSIOTES .
! ; -numbered TO-92 package replaces 2N3904 and PHOTOFLA/N CRPs |CALCULATOR of | ]
phantom lines. Add $35 tor assembled/tested. @  similar. Min Beta 250. goes up to 500; reasonable (@) BOARDS |,
@ saturation voltage. Priced at 10/$1 350 mf 330V 100 S
8K x 8 ECONORAM II™ KIT ($135) T EEEEEEEEEERNNNENNE ) 720 mt 360V 150 i féég EEYE(L)ARD
A truly cost-effective package that has drawn L4 TERMS: Please allow up to 5% tor shipping. excess refunded 1600 mf 36 $2.25 AND CASE (AS
raves from both owners and reviewers (See the @  Add $1 handling for Orders under $10. Cal res add tax COD OK . 600 mf 360V 3. 1S)  $1.50
1178 Kilobaud for an example). If you have the g 1N Srert a0dieas 0 0, Lo precs acod throuan STROBE TUBE ASST. MINIRTURE
space in your m?thefboafd. therte'i no better ° cover month of magazine . Brand new fac = REFLECTOR
way to get 24K of memory than taking advan- tory prime L .
B h Appx size 1.7/16°L x
e e L e 3 bl Bt R
p BBt g5 P susete  $3.000C28227 100
[ ]
° o
G o

@@@UB@

aoeld 19M4eIN

MORE NEW ITEMS!
NATIONAL SEMICONDUCTOR SPECIAL OFFER!

_J U_M BO FED READOUT ARRAY SIX DIGIT ALARM CLOCK CHIP « With purchase of Clock Chip at lelt.

By Bowmar. .5 in. Nalonal s second get ch chip T COMMON ANODE LED READOUTS

*o m 1

i character common - g =1L 312 33 INCH

H HIGH EFFICIENCY!
cathode. _DES'Qne‘_j e ATORES $1.95 each 59¢ A PERFECT MATE

. for use with multi- R DISPLAY + . COMPARE AT TwO -

H ciTe st OR THREE T
plexed clock chips 4OR6DIGITS » ALARM Slarmice e BUILD YOUR OWN CLOCK!

$].95 LIMITED STOCK 4 digits in 1 pack! SNOOZE aLARM * £A h WE SUPPLY DATA!

POWER FAIL IND * HE

3W. AUDIO AMP ettt il o MOTOROLA 7805R
Assembled & test- Voltage Regulator

96 ed. Not a kit. Has
,3“‘3" tapped output for | wesuppLy FuLL DaTA SPE SPECIAL S)E(i(r:ne(:)t 857505taR/?AardouZ§8t5

el r4, 8 or 16
e e | TERRY BN 10-220. 5VDC  output.
matic. 44c¢ each 10/$3.95

NATIONAL EXPERIMENTER'S CRYSTAL LED IC Counter Kit

JUMBO LED CLOCK MODULE - oy Get  1-.7490° 1—
#MA1008. Four digits. 1/2 inch size. Compietely self-contained go2 '“BKHZ PR S i ou : '
module. NOT A KIT' Features Snooze. sleep timer. alarm signal e e i ::’:: 7475, 1—7447. 1—Led
output. brightness control. 50 or 60 Hz operation. 12 HR readout with (Q:’:Z":;‘”; "éeT's.Kma';” ;\’55 A is for $1.99
24 HR alarm. and power fall indicator Direct LED drive. non- Logg el 9 Readout. All this for $1.
muitiplexed for low RFI| i

SUPER SPECIAL — $6.95EA wiTH DATA (Led Readout is famous
BRAND NEW! (For transformer. add $195)  JUST ARRIVED! SLA-1. .33in. By Opcoa))

JUM:%)'RRCE:'[l)-gUTS 1[).3'\% CAPAé:|TORS MALLORY 2N3904-House No.
FD 16v. P.C. i CAPACITO 3
B oS, | e T FullWaveBridge o e ey T\S)CS&(ll\éPN.

FND-503-Commaon Cathode value! By Sp e. P
FND $10-Common Anode o | 4 Amp 200 PIV 0 0 10/s2.95 HFE 100 to 300
FACTORY FRESH! SMALL SIZE 10 for $1.00

YOUR CHOICE 69¢ 20 for $1.00 69¢ea. 10/5.75

10 FOR $5.75

$1.25 each

Jumbo Red Leds Motorola PNP Power! GE POWER TRIAC LS SERIES TTL Motorola Quad Op-

New by G.E. Like [ 2N 703 cose SOW | SC 1460 House # | 721500 33 7aLs7a agc | Amp MC3401. Pin for
MV5024. Number | ,:n Good mate for the 10 AMPS 400 PIV | 730564 35c 74Usize-soc { Pin Sub for popular

- = E 54-1.49
55122 S | TO-220 CASE 75Gea. | 78508 3¢ iLSioalds] | M3go0.

6/S1.  25/83.75 | 75¢ ea. ars2.50 | 4 FOR 250  |720878 23¢ 72rsiteasc 3/$1.00

TERMS: Orders under $15. add 75¢c. No COD's. We

Digital ResearCh Corporation accept VISA, MasterCharge and American Express
(OF TEXAS)

Cards. Money Back Guarantee on all items! Texas

P.0.BOX 4012478 GARLAND, TEXAS 75040 ¢ (214) 271-2461 Residents add 5% Sales Tax. WE PAY POSTAGE!
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Packed With Science Bargains!

BRAND NEW 1978
EDMUND SCIENTIFIC CATALOG

ater S Fos Scunilic Maniring
e v B e

NFW

Wmver.v of Space

A TRHAY PROFEBENAL-TE K800

The Unique Ed-mnd ]

14 Pages of New Products . New :/’.:_ e BEERE h
instruments, new optics, new .
scientific devices. new tools

Weather - Aiso hobbies. photo-
graphy. model making, treasure
Telescopes - f)- spons watca hunting. lapidary and dozens
ing to ccmed tracking. One stop mare

shopping tr bying or bundug — e
quality tetessores. T

High Powered Solar Celis

o oy Al 07
Y (i

tow:

s e
Con

Ao

Solar Energy - Edmund has
everything you'll need to tap
this energy source of the future

Plus hundreds of exciting prod
ucts in: Biofeedback e Elec
tricity o Health e Holography/
Lasers ¢ Magnets ¢ Micro-
scopes  *  Parapsychology
© Surplus and many more

et @ PHOTOGAAPHY

K ® MAGNE RGY
e HES ® B10FEEDBAL AGNETS ® SOLAR ENE

o N

oPTIES ; )

L

.
aono” y

v

il
GET YOUR COPY I R E E a

wWe'l send your Free personal copy of the

brand new 112-2age Edmund Scientific Catalog

just as soon as we receive your name and

address. You'll find over 4.000 amazing

~and unique preducts available from no other

) single source It's our biggest and best catalog
in our 36-year history.

SEND
COUPON
TODAY
FOR YOUR
VALUE-
PACKED
COPY.

L--—_‘

|_! Please rush me the brand new 1978
5 EDMUND FREE Edmund Catalog. i
I SCIENTIFIC COMPANY i
I Dept. AV14, Edscorp Bidg., Address '
Barrington, New Jersey 08007 ity — I
Siata Zip I
[ g pmg—— |

104

wWwWwW americanradiohistorv com

“MINI” FM AUTO
CONVERTER

eg. ¥22

oStyles Vary

oEasy Hookup to AM
Radio eLighted Dial

0475 x 1% x 4%

AU 333

OMrg Bracket iIncluded
efor 12 VDC Neg Grd.

“AA” BATTERY
®12 VoIt Rechargeable
EACHeMade By 3 Farmous Mfr's

8@ 125 Ea
20 @ 1.18 Ea.
BA341100@109£

Similar Devices

NI-CAD RECHARGEABLE

eldeal for Radios Calcuiators &

sRechargeable Over & Over

TA-879

79c

Reg 140
Pkg of 3

sideql for Voice or
MusiC

60 MINUTE
BLANK CASSETTES

e ess Than 1¢ Per Minute

AC Adapt. 117V1t0 6, 7.5& 9VDC. BA-159 .
CB Gutter Mount Antenna. AA-929
CB Trunk Mount Antenna. AA-393
Message Minder Tape Recorder As-ls. RA-T31
“Bib" Groove Klean Record Cleaner. HF-604
500" Hookup Wire Kit. WW-579 .
Volume Controls, Phg. of IZAssoned vC-274
Capacrtors. Low Voitage Elect 50 Pc. CD-407
Terminal Stnps. Solder Type. 40 Assorted. XM-501
Resistors, 100 Assorted Carton. RR-077
2" PM Speaker. 8-10 Ohm 2tor 1.00. SS-295
8-Track Tape. 40 Minute. TA-907
Earphones, 8 0hm. Less Cord. Pkg. of 4 PH-405
Sunger 12 Dagit MOS Calculator Chip Wrth Oata XM-635
UHF Varactor Tuner With Data Sheet XM-676
Ceramic Capacttors. Pxg of 100 CC-211
RED LED. 2 Voit. 10mA. Pg of 5 PL-233
Black Light Bufb. XM-281
4-Digit Mechanical Counter. XM-367 . ... ..
Digital Clock Movement. SW-876
Camera Electric Eye. XM-767
Deluxe Stereo Headphones. PH-460
Cassette Lapie! Mike. 3.5mm Plug. MM-174
Slidemount For Auto Stereo or CB. AU-149
£ 10 12 Vot DC Converter. 6V Acc. Dn 12V Batt AU-297
4000 RPM 117V AC/DC Motor. MO-395
18 RPM Geared Motor. 120VAC. MO-409
TV Tuner Motor. 14 RPM_ 120VAC M0-392
3" Fan and 120VAC Motor MO-416
Sperry 9 Digit Display. 180VDC. XM-643
20 Key Calcuiator Keyboard. XM-339
Assorted Knabs. Kt of 25. KN-030
3" 7Seg LED Comm. Anode. Green. XM-341
3" 7Seg L.ED Comm Anode Red. XM-370
100 MFD Elect Capacitor. 50 VOC.CC-216
12K Ohm Globar Resistor RS-241
Mini Poly-Styrene Caps. 500 pf @125V Pkg. of 5 CC-234
Mini Poly-Styrene Caps. 1000 pf ®125V Pkg 5 CC-235
12 Digit Calculator IC Chip. Data incl. XM-330
2" Waterproof Speaker. 8 0hms. SP471
80-40-20 MFD@150V. Elect Cap CC-144
100-150 MFD@150-50V Elect. Cap. CC-213
3VOC Buzzer. 12" Diameter. XM-756
Wire Terminal Lug. 50 Pcs. Solderiess XM-735

FRBBBABE

178

249
100
150
69¢
1.39
1.39
93¢
59¢
59%¢
59%¢
1.49
149
59¢
5%
5%
93¢

OFFER GOOD ONLY IN THE CONTINENTAL US.

electronics
260 S. Forge St.
Dept. ID Akron, Ohio 44327
NAME
ADDRESS .
CITY _______STATE Z\P
Qty. Stk. # Description Price Ea. Totai

0O Please Tax
RE Send Post
Catalog TOTA
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THIS SPECIAL ONE CENT SALE IS FOR MAGAZINE ADS ONLY

¢ REVOLUTION

—

Cat. No.'7TES267 ) Men's LED

LED WATCH GUTS [
5195 e I"c

T e —
' Eany ta build Both units are 17 =
board

hours, Fasy to bread
| s it oSy 4 DIGIT
A

Factory “"iay-arcunds’”. Do the; rk? Who & ' A
digital technician’s bonnn‘;-. ul‘:nare lhcr: S:‘::e‘unil:“;s:ﬁ ;‘:nr::}m: M PM indica We il
?)“BshﬁanﬁdiL);{mgu lay HOURS, MINUTES, SEC | clock radio, ::"""‘ f":’nllrm Your Choic
& ., DO Apecs Basic kits i;lclude l("'." More . ]
B - transistars. rendoute SOCHet $9
Order 11 ther neceanr 20U and alf 95
zﬁ_'l:(.“" TTL'S AT “CENT-ClBLE PRlCES ;:-.5.' ,'i( bo:r""’ mg?nenu 2 -
and line cord Srmer, for $9. e
Jmete  E twDme  UR 1% | B et o ORESCENT T
Ty Each 2 For| = ghysga : 20 | O $N7413 4% S0 TUBES 15D b ‘Nixig- ORESCENT - LED
Nag? Yy sPoswae a3 W IBITHS R .30 | 2 0Lk kiaious  CLOCK BASICS
O 5M7403 25 26 | - gMTAES BT 20 | O SN7414 E ] 79 BUY ONE AT |3 Eat No. #TE3791 Fluore
0 547408 18 20 | F swramn T S0 O Sw7a1s 17m 130 1 £at No. #764093 Lep 8
1 5MT 18 30 | [ SNT4TL Nt =n | O SN7418. L3 1.30 SALE PRICE, ot No.
in7407 a8 A | [ sNT4TZ K] 30 | O $NTA134 L 178 GET 2ND FOR ———-
5T, a8 A0 | [ GMTATI 58 50 O $N74118 i 20
Z SH7410 25 T | O ENTATE ] an O SN74186 3% A0 ONLY 1¢ MORE.
mE 8 Zomm o8 Bomig 28 :
i 70 | 0 SNT4TE 3 4158
EEoB o.REE D BN 2 OB Parts & Semi (ine Centers

Learning more about a prod-
uct that's advertised or men-
tioned in an article in this
month’'s issue Is as simple
as one, two. three. And ab-
solutely free.

Print or type your

name and address on

the attached, card.

Use only one card
per person.

Circle the number(s)
on the card that cor-
respond to the num-
ber(s) at the bottom
of the advertisement or arti-
cle for which you want more
information.
(Key numbers for advertised
products also appear in the
Advertisers' Index.)

Simply mail the card,

and the literature

will be mailed to you

free of charge from
the manufacturer.

FIFORMATION:

This address is 1or our product Free

Inlarmation Service only. Editonal in
quiries should be directed to POPULAR
ELECTRONICS, One Park Avenue,
New York, N.Y. 10016,

POPULAR ELECTRONICS

USE ONLY ONE CARD PER PERSON
NAME.

ADDRESS__ S

CITY __STATE __ZIP
(Zip Code must be included to insure delivery.) (Void after Sept. 30, 1978}
Do you own an auto stereo FM receiver, tape deck, or speakers?

A [ ves 8 [ No

Did you install the equipment yourself?
A Yes B No
4 O Please send me 12 issues of Popular Electronics for $8.97 and bill me.

1 2 3 4 5 6 7 8 910 11 12 13
16 17 18 19 20 21 22 23 24 25 26 27 28
31 32 33 34 35 36 37 38 39 40 41 42 43
46 47 48 49 50 51 52 53 54 55 56 57 58
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120

PE7782

14
29
44
59

15
30
45
60

POPULAR ELECTRONICS

USE ONLY ONE CARD PER PERSON
NAME

ADDRESS

CITY STATE Zp_____
(Zip Code must be included to insure delivery.} (Void after Sept. 30, 1978)
Do you own an auto stereo FM receiver, tape deck, or speakers?
A O ves 8 O No
Did you install the equipment yourself?
A D Yes B No
4 [JPiease send me 12 issues of Popular Electronics for $8.97 and bill me.

1 2 3 4 5 6 7 8 910 11 12 13
16 17 18 19 20 21 22 23 24 25 26 27 28
31 32 33 34 35 36 37 38 39 40 41 42 43
46 47 48 49 50 51 52 53 54 55 56 57 58
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120

PE7781

14
29
44
59

15
30
45
60
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P.0. Box 4430C Santa Clara, CA 95054
For will call only: (408) 988-1640
2322 Walish Ave.

Same day shipment. First line parts only. Factory
tested. Guaranteed money back. Quality IC s and

2107 5
other components at factory prices. ;;i“ ; s
2114 850
INTEGRATED CIRCUITS Wl 2150
CDis11 94 25138 6
LM3AOT-12 110 ted BE e 7
5. A
7400TTL 7aLS26N 41 LM3AOT-I5 110 CMOS
400N 17 TSN 75 LM3AOT] 001 50 o |9 Liid 3 ELECTRONICS
TN 07 THSIN 30 LMMOT4 110 (D0 15 Chissy o Mmeia HE
TO0AN 19 TASIN 30 M3 4001 1 251 SPECIAL PRODUCTS
T4L574N 35 LM370 1 a0z 3t g{,’:?gg 57 58:“5 J ; 8253 1 MMS855 Stopwalch Timer & 00
TN a7 LMaI7 4 3 oar
TN o Tadw o LT 40 CDimbe 1D cousss 225 sy 1995 B 0 gis CLOCK MODULES Compiats sarm clocks  Swilches Mom Pushburicn 37
7a20M 17 7ALSEN LM3BoN 1 008 31 Sheied 139 2o 15 CTIOIED  Jams reacy 10 hook up win ansformer and 3 side
74024 139 4SSN 189 LM3E | 4009 38 Dm0z 300 oeioon 2% Eopisst § switchas Very campact with 30" ang 001655 6.95
hE SUMM pim Boec erETH LN, S @T G K. . b
el M571 4 - g
445N TALS1IN LM;%: - 4012 21 74010 28 GIAYIESDO1 995 6502 2450 10263 Trangiormer 225 me‘-zssiigg :::wrm LG
LN EER s 4013 36 70G1s 210 MCMBSTIA 1095 UARTIFIFO MAIDIOA, C o € .84 185 g0 125 LED depay =]
TasEN 45136 Ty 4014 36 74820 28 & 300 AY5-1013 550 102P2 Transtormer 225
450N HULSISIN 015 36 71C30 2 AYS-1014 750 Spocisl ranstarmer and #ix switchas  Paralranizs 1004 Logle
TN 29 TALSISSK LM74iN 016 36 7acis 105 SLOCKS 331 535 when purchased wmoduls 295 Amaiyzer Kit $199 00
TN 49 MLSIEIN LMTATHN 4017 34 7478 75 MMI309 3 MA003 o mosute 3 e Moge) 10 Trigger
MKW TSN g e 4018 3¢ agre g4 MMSIT) 1% o a5 " groen huor. dsomey TS0 Expancer it s229.00
o M SR 4 (M4 1 Fa 0 Ta 1 wwsany 360 N&2S23 Fali MCS 5308 .63 9.95 Moge 150 Bus $269.00
74828 43 T4LS19ON  1.06 LMI30S 12 4021 102 740754 300 MMBIIE 3 ::g:f ? RESISTORS o watt 5% vunsmmms
TN 43 7aiS221N 195 LM1307 2 4002 3B reciss vy MMS3IS oo, MizS126 78 MQpertyde 03 1000 perrype 012 T
TgH g8 TASISIN 67 LMIND 275 Coapps o1 pacise 209 MMBIIE 50 hEZS 73 25vertype 035 Dpiecepack Oy 300 m"‘“ms,mm" i
741000 TALSIBTN g9 (MI4sd A7 Coamd 5 Jacie 39 MMS3IE 360 NEZSHY 73 Ab0certyoe DS Spernpes s 12 VORI o
0N 29 MIB00 175 COaops 21 pighs 390 MMSES 210 NI 7 (evavaos s 1
P12 IN] (S QUINEAR) isia 4026 151 75C505 300 MM 8 ore 1465 Hexkeyboard$10.95 Fullyencoded w! 13y OT B 3
123N CA3045 s B 027 35 74Ca06 150 PSS 1% Dwgs? 290 __PCboard. parts and msitucts 4% awCr 3
741258 CA3D46 M3%02 i 4028 79 74L914 1 S17002 3 8223 290 S3ker ASCII keyboard kit 10V z -nu .,,; ohug 4
240922 o ulty @ssembvier nclosyre 1 1;
Taison hoe 180 Lwsoon o0 & 7% G 895 2718 e R T s % a3 2
15N CA3089 M35 1 4033 107 recass 10 015 Tz COWGCIORS DS e ﬁ'iﬁ%" Leos o 02
M39G9K IM5375AA 3 pin sage
Tain) = VA0IANAY e Cha0ag 192 7acozs 10 METIABN 13 100om sge 40 Grven Ornge. Yeiow T0IB 0 MAN3 125
081N Wi NEMOU 285 (piolt g 74097 1030 g T6.50 100 pin edge WW 5 25 2 WaNTZTo GACA 00§
TA162N 7 LMI0BN NES50N CD4osa 63 'NTERFACE DS0026CN 3 CRYSTALS Gm 0; inge. Yellow Jumbo ) T 300 1
183N 87 (maoon 115 NESSSY C04046 167 %09 DS00S6CN 275 1K, 4 Ciipte LED Mounting Ciips 851 25 DL707:DL707A  CA 300 1
1IN X NES36A D104 36 80% HwS3108 80 2w 450 {specmy md. amom, geen ylow, ca)  DUTZITA CACE 00 1
175N M31THIN NESGSA 100 cnagsy 35 8097 Ic. 8 4 Mz ] CONTINENTAL SPECIALTIES In stock  DL747750  CA/CC BOO 1
T4190N 1 MITTK 29 NESBEV 115 pnggsy 3 8008 Solder Tin Low Profile 5 MH; 4 Compleie 8 of breadboard |nllumn DL750 GC 600 1
741920 MI1B 135 MESBIV 120 cpagep 142 8T 1 1 0P 10 MHz 425 MAX-100 B digh Freg Cv, $128.95  FND359 cc 357
74193 LM320K5 120 TBLOS 8 cpags 7. ANO 4 8 15 24 35 18 M 350 oy WIRE WHAP T00LS in o U057 CEICK 00 1
TN 1S5 (Mi2acs .35 7BLOS 9 coos w0 B 20 w18 m o2 A 9 portaale Multimete s NS0 SHe 0,
T4298N 1 I 1 CD4069 40 HZ
74365N Maeki2 139 78S 8 Cpigro 40 8128 310 18 27 a0 &1 32788 e 30 OIGITAL THERMOMETER $4850 3 agn Bubie
T4366N MI0T5 160 /5108 175 Cpsonn 2 ATE4 3 8432 MHz 50 Batt oper General purpose or Medical 4 g bubble
367N MI0T8 160 7HGICN 31 B1Z5 3% Sedweamge 3o Wi 120 32720 Disposavleprobe o - 2 DGB Fumscen !
740500 YTL MI20T.12 150 73492CH 5! w073 1 8128 18 25 than 27 2.0100 MH. Il accuracy Comp assy In compact case  DG10 ggscer {
ALSOON VOIS 180 7SN B8 0T 51 BT 275 i fimnw 097152 MHz 450 COMPUTER BOARD KITS San 14 o saoay
74L502K 3200115 Alo D CONVERTER (pag7s 175 8107 189 MicROPROCESSOR 2 4576 M 450 8K RAM Board Kt $13:.95 NSNES 9 0igi dnpiay
TALS0IN MIGON 1 5 4078 4g BT98 6800 18 2768 MH: 450 4K EFROM Kit 1595 120 Caven/photocely [
7415058 Msoks 110 BI00CS 13 4081 21 nnsmnunv 080Awih dara B35 50688 MH: 430 10 Board Kt 44 50 &
74L508N M340x-8 110 B70ICN 22 4082 21 RAM 80 2995 5 185 MH; 3 Extendsr Board w/connecior 1250 I Tast Clips
LS 10N M310R-12 1 1 4116 47 2101-1 395 8212 290 57143 MH: s Video Intertace board kil 25 00 J o
7415 13N M340K-15 110 LDI30 9 4490 S50 21021 1 214 800 6.5536 MHz 4 16K iPROM board kt w0 PROMS 74 50 Red kS a
TSN MI4OK24 110 S00CHVT 7 4507 180 2102AL 4160 8216 20 1431818 MHz 475 16K Sabc RAM board it 39500 Black B3 a
T4LS208 MI40T5 10 (CL7I0T 9 4508 435 21F02 185 8224 295 18432 MK 450 North Star ey Disk kN 3685 00 Keyer 2043 1450
TSN M340T-8 110 ICL7107 1385 CD4510 102 2104A4 483 8220 535 2201184 MH: 450 Addmona) 41500 comp wspec /soek

New Cosmac Super “ELF”’
RCA CMOS expandable to 64K micro-
computer w/HEX keypad input and video
output for graphics. Just turn on and
start toading your program using the resi-
dent monltor on ROM. Pyshbutton selec-
tion of all four CPU modes LEQ indicators
of current CPU mode and four CPU states.
Single step op. for program debug. Built
in pwr. supply, 256 Bytes of RAM, audio
amp. & spkr. Oetailed assy. man. w/PC
board & alt parts fully socketed. Comp.
Kit $106.95. High address display option
8.95: Low address dispiay option 9.95;
Custom hardwood cab.. drilled front
panel 19.75: Nicad Battery Backup Kit
wiall parts 4.95; Fully wired & tested in
cabinet 151.70; 1802 software club. 10
12 pg. monthly publication 12.00 per yr.
4K EIf Expansion Board Kit
with Cassette I/F $79.95
Available on board options: 1K super ROM
monitor $19.95 Parallel 1/0 port $7.95
RS232 I/F $3.50 TTY 20 ma I/F $1.95
S-100 Memory I/F $4.50

Tiny Basic for ANY 1802 System
Cassette $10.00. On ROM Monitor $38.00.
Super EIf owners, 30% off. Object code
listing or paper tape with manual $5.50.
Original Cosmac “ELF’’ kit

All parts and instructs $89.50
Board only 14.95

Video Modulator Kit $8.95
: Convert your TV set into a high quali

1978. Domestic postage $3.50. Foreign monitor thout affecting nom?a| Ssag?_ comp. instructs. Add $3.95 for beautiful
$6.00. Final 1977 Master cioseout $15.00 W Gompiete it with full instructions. dark gray case. Best valug anywhere.

TERMS: '$5.00 min. order U.S. Funds. Calif residents add 6% tax. FREE: Send for your copy of our NEW 1978
BankAmericard and Master Charge accepted. QUEST CATALOG. Include 24¢ stamp.
Shipping charges will be added on charge cards.
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Sinclair 3%z Digit Multimeter
Batt./AC oper. 1mV and . 1NA resolution
Resistance to 20 meg. 1% accuracy. Small,
portable. completety assem. in case. 1yr
guarantee. Best value ever! $59.95 |

Not a Cheap Clock Kit $14.95
Includes everything except case. 2-PC
boards. 6-.50" LED Displays. 5314 clock
chip. transformer. ail compenents and fulf
instrucs. Green and orange displays also
aval. Same kit w/.80" displays. $21.95

60 Hz Crystal Time Base

Kit $4.40 Converts digital clocks
from AC line frequency to crystal time
base. Outstanding accuracy. Kit includes:
PC board, MM5369. crystal. resistors,
capacitors and trmmer.

Clock Calendar Kit  $23.95
CT7015 direct drive chip displays date
and time on .6” LEDS with AM-PM indi-
cator. Alarm/doze feature includes buz-
zer. Complete with all parts, power supply
and instructions, less case

Digital Temperature Meter Kit
Indoor and outdoor. Switches back and
forth. Beautiful. 50" LED readouts. Noth-
ing like it available. Needs no additional
parts for complete. full operation. Wil
measure —100° to +200°F, tenths of a de-
gree.air or liquid. Very accurate. $39.95
Beautiful hardwood case w/bezel $11.75

NiCad Batt. Fixer/Charger Kit
Opens shorted cells that won't hold a
charge and then charges them up, all in
one kit w/full parts & instruc. $7.25

RCA Cosmac VIP Kit 275.00
Video computer with games and graphics

'78 IC Update Master Manual
1978 IC Update Master Manual $30.00
Complete IC data selector 2175 pg. Mas-
ter reference guide. Over 42.000 crnss
references. Free update service through

2.5 MHz Fregquency Counter
Kit Complete kit less case $37.50
30 MHz Freguency Counter

Kit Compiete kit less case $47.75
Prescaler Kit to 350 MHz $19.95

Stopwatch Kit $26.95
Full six digit battery operated 2-5 vots
3.2768 MHz crystal accuracy. Times to
59min., 59sec.. 99 1/100 sec. Times std

split and Taylor. 7205 chip, all compo-
nents minus case. Full instruc. Molded
plastic case with bezel. §5.00

Auto Clock Kit $15.95
DC clock with 4-.50” displays. Uses
National MA-1012 module with alarm
option. Includes light dimmer, crystal
timebase PC boards. Fully regulated.
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Operation Assist

1" you need information on outdated or rare
equipment—a schematic. parts /ist. etc —another reader
might be able to assist Simply send a postcard to Opera-
tion Assist. POPULAR ELECTRONICS 1 Park Ave. New York.
NY 10076 For those who can help readers. please re-
spond directiy to them They !l appreciate it (Only those
Hems regarding equipment not available from normal
sources are published

Triplett model 3434-A TV & FM sweep and marker genera-
tor. Schematic, operating manual. Jim Salimeno, 16 Sha-
wandassee Dr., Stonington, CT 06378.

Magnavox model IKO-884-RUN-2 reel-to-reel tape deck.
Schematic, servicing information. H.C. Hackman, 50 Town-
ship Rd., Baltimore, MD 21222.

Super Electric Products Corp. antenna tuning unit
#BC-306-A S/N 58. Any available information. Allen Rodg-
ers, 3012 Ben, Apt. 402, Ft. Worth, TX 76117.

RCA senior voltohmyst, model WV-98C. Schematic diagram
and information on replacement meter or movement. Scott
McCall, 1407 Donas Dr., Jacksonville, FL 32211,

Radio Manufacturing Engineers RME-84 shortwave re-
ceiver Schematic and owner's manual. Erich Noll, 7507,
East 52nd St., Kansas City. MO 64129,

Hewlett-Packard oscilloscope model 130A. Schematic
John Johansen, 37 Longmeadow Dr., Concord. NH 03301.

Triumph Mfg. Company oscillograph model 841. Any avail-
able information. Tom Bohon. 2215-A Walker Dr., Omaha,
NE 68123

Cilough Brengle model CRA. Instruction manual, schematic
or any avaifable information. John Ridley, RR#2 249, South
Haven, M! 49090.

Hallicrafters S20 R receiver. Schematic. dial cord informa-
tion. Harry A Barclay. Box 222, Darrow, LA 70725.

Crown A-314 tape deck. Parts and parts list. B. M. Harrison
Electrosonics multimeter #AN/USM-34B. Schematic and
parts list. Bruce M. Michaud, Box 1055, 331 Main St., Lake
Placid. NY 12946.

Knight model C-540 CB transceiver. Schematic and opera-
tion manual. Joseph J Szmolyai, 15418 Collins, Romulus,
Mi 48174,

Seeburg LPC-1 and LPC-480 juke boxes. Technician's
manual Wurlitzer 2600 and 2610 juke boxes. Service man-
val. D.F. Bogner. 114 Dean Dr., O'Fallon, IL 62269

Jackson 5 CRO-2 oscilloscope. Schematic and operation
manual. John C. Standish, 560 West Tarpon Bivd, Port
Charlotte, FL 33952

Hallicrafters mode! 8R40 shortwave receiver. Schematic
and owner's manual. Wes Kinkaid, 1023 8th Ave., North,
Greal Falls, MT 59401.

Precigion model €-450 color generator. Schematic and
service manual. McKay Bradley, 2324 N Powhatan St., Ar-
lington. VA 22205.

Panasonic model RE-767 AM/FM stereo. Source for 16-
ohm speakers John Rasmussen, 1019 Amsterdam Dr., Ball-
win, MO 63011.

Audio Research Corp. D-150 foil patterns, component lay-
out and pc board layout. Audio Research Corp. SP3A-1.
foil patterns. Joseph Tumbarello, 369 72nd St., Brooklyn, NY
11209.

Specilalties Inc. radio control rig. Mode! Bonner Digimite
6RS. Schematic. J.L. Willamson, 408 W. Magnolia St., Si-
loam Springs, AK 72761

RACA automatic tube tester model WR 110 A. Need master
punch card stock #215426. Unpunched cards (WG-325A).
Roscoe Edgett, 14 Walnut Dr., Whitesboro, NY 13492,

E.H. Scott SLR-12B. Service manual William DeFelice, 143
Wheeler Rd., Monroe, CT 06468.

McMurdo Silver model #900. Schemalic and operating
manual. P.L. Miller, 2811 West Drexel Rd.. Tucson., AZ
85706.

Panoramlc oscilloscope model PCA-2, type T-200. Sche-
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100 MHz 8-Digit Counter m

® 20 Hz 100 MHz Range @ § LED Display » Fully Automa ¢
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1
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; 07 .40 74145 110 745153 189 8367 185 709H 30 AC operation » 37 mgh LEQ Dispay Model 270 wired Reg $80 00
7:??) 173 ;:: 5’3 : ‘22 TASIST 156 Seo U 35 » Auto Zereing Model 2800 R
. E 5 2
7213 8 74157 100 8000 TTL Sﬁég e V. Reguls. "’ ®
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7417 38 74163 130 gg‘}g 38 8973 295 IMH 100 eads operating manual a =
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40 15 417 105 . ; 75450 1.00 30T 6 125
&S m iRt 5220 338 75551 B0 3407 12 1 25 Cricket TranSIStOf
437 44 74182 35 - E T
7440 18 74192 1.45 g?; ‘?gg §§2§§ ‘Sg 33§3r 73 : §§ & FEI I.?suger 1F46 5 00
7242 1.00 71193 1.35 4 == EomisCOnbrs
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2983 28 8334 400 8214 850 24L9375 1 95 oo < 'ha." Jaw 125009 Tt enmn i COrR
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280 22 HOO .40 8556 )25 8224 475 P :
aLS378 235
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SRR o 74H11 40 gozs 359 2513 950 T REY " g 76895
LA S Janso o 8640 125 2516 950 45305 D as e P10 A Pp— $615.96
;433 105 74H5g gg 8641 278 1013 650 7405399 2 60 = o 175 nSec t s& Ime with accessories
73:2 B S TTL 8806 3.00 PPL 7415490 375 ———
g 8819 125 561 5.00 74LSG68 2 25
;:gg 2-29 74500 .40 8820 500 566 170 74U5669 185 TranS|stor TeSter Model 100
s o 74502 .40 8830 4.90 567 1.65 74LS6T0 395 g vott battery SZ r-h-
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104§ TO18and
o Tests trans:ztors i o oul of
o Clear speaker tone no wisual obs

small inhne leads
crcunt » Operates on contact
ervations to make

* For tore 74LSxx, refer to our ad
wn the June issue ol thus magazine.

If what vou need is not listed. ask for i1
Send  selfaddressed stamped envelope.

SPECIAL - - 21L02/450ns (1.50/10up; 1.35/50up; 1.25/100up) W(“tage Sp|ke
£Digit A/D LD130  $5.50 . Xcelite gt : | Protector

Lumts voltage transients that
| might damage equipment Plugs
\nto any 120 voit grounded aC

Model GESP-752

Mimimum order $5.00 US currency, Check or money order only. Add 5% 10 cover shipping and
handling charges. Catif residents add 6% saies tax. Santa Clara County residents add 6.9% sains 1ax
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matic and operating manual. Mr. Aflan Vontorcik, 17301 Ma-

ple Boro Rd.. Maple Heights, OH 44137, 0| Cases

MOOEL TC-100/8T
Reg $283 00

$239.5
Kit

ordless
Soldering lrons
12 unine $1 1 95
3ornoe 16,00

Model 7500
The Onginal
1$0-TIP

Precision Apparatus Co., Inc., series ES-500A oscillo-
graph. Schematic, especially power transformer section.
Larry Greenstein, 1331 SW 93 Court, Miami, FL.

For
faster

RCA model BT-42 superheterodyne radio. Schematic, parts
fist, and/or voltage requirement. John E. Jones, 1030 Wood
Eden Dr.. Kingsport, TN 37660.

Aﬂ
NEW 1SO- -Tie

Harvey Wells TBS-50D transmitter. Manual and/or sche-
matic. Doug Jorgensen, 204's N. 9th St., Oskaloosa. 1A
52577.

Hycon color bar dot generator model 616. COperation manual
and schematic. Robert Vigil, 2760 Corabel LN #57, Sac-
ramento, CA 95821.

Bell and Howell model 34 oscilioscope. Technical data or
schematics. David Petry, 34 Kenyon Ave., W. Babylon, NY
11704,

Collins 51J-3 receiver, Collins 51J-4 receiver. Need sche-
matic and operating manual for both. Carl McCormick, Rt. 5,
Box 403A, Shreveport, LA 71107.

Concertone Custom Recording Amplifier Modei 2203. Su-
perior Instrument Co., transistor radio tester model 88.
Schematics for both, Everett Thompson, Box 1426, New
London, CT 06320.

General Radio Model 1217A unit pulser. Schematic and
manual. Hugh L. Shoemaker, 329 W. Derby Ct., Sterling, VA
22170.

Dumont type 304A oscilloscope. Manual and/or schematic.
Hallicrafters Super Skyraider, manual and schematic. Neil
Van Oost, Rd# 1, Box 301P, Waretown, NJ 08758.

Grundig 5490 AM/FM/SW receiver. Schematics. John F.
Pane, Rd. 1 Mason Rd., Baden, PA 15005.

Lavoie Laboratories, Inc. spectrum analyzer. Model
LA-18A-82—includes indicator unit and tuner unit. Operation
and service manuals. Yuma Two-Way Radio Services, Inc.,
Box 693, Yuma, AZ 85364.
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OUTSIDE OF JAPAN- n = SNECeHITACHI*MITSUMI®
L ) L ] L ]
NEW-TONEELECTRONICS Has the Largest Rt bl ADVERTISERS INDEX
% Inventory of Original Japanese Components «SANYO*R-OHM*UNIDEN® -
Anywhere! oPANASONIC*CYBERNET® SERVICE NO. ADVERTISER PAGE NO.
PARTIAL LIST — CALL US FOR ALL YOUR D *SANKEN*NPC*ORIGIN®
- - o 250775 sollsacieos ol 40081 5 [s 52 APProducts,Inc ............. ... b
A49 49 1 2SB4 100 0 1 11 i 6087A 380 1 i nics Sales Corp .. ... . 96
2SA101 49 | 25Ba95 750 25C776 250  2SC1669  1.25 f 40082 300 | S6087B 380 2 ﬁcmtgvﬁcgaeﬁ,ﬂgros S?S,IT?SS ?r?Crp 30
2SA102 49 § 2SB507 140§ 25C777 495 § 2SC1674 49 F AN136 290 § STKO11 750 3 c Y R 98
2SA200 a9 | 28B511 150 2sC778 350 | 25C1675 .49 fan21a 335 | STKO15 650 Ancrona Corp ............ .l
2SA221 79 | 258528 1.40 | 25C781 250 | 2sC1678  2.00 | AN239 650 § STKO25 12,50 4 Antenna Specialists Co ...THIRD COVER
25A234 59 § 25B536 1.50 § 25C783 295§ 25C1679 295 f AN2a1 240 § STK032  14.20 6 Audio Discount Warehouse ......... 83
2§A353 69 228539/: 4.70 2gC724 49 228168& 49 Azgz? 528 STK036  19.00
25A377 189 | 258541 470 | 25C785 65 ] 2sC1728 185 A 4 STKO50 24 50 ST R ) . .
25A387a 69 | 258554 800 25C788 295 | 25C1730 95 fAN271 320 | STKO56 1135 CREI, Capitol Radio Engineering
25A473 1.25 § 258561 60 | 25C789 1.00 § 2SC1756  2.75 | AN289 7.90 | STK405 9.20 institute ... .. 4 BF B ST Y 78,79, 80, 81
254483 279 | 258627 295 2sC790 150§ 25C1760 160 J AN315 350 | STKk415 8.50 7 Chaney Electronics ............. ... 103
25A484 2.44 25C793 250§ 25C1816 350 | AN331 540 | STK433 925 Cleveland Institute of
2SA485 195 f 2sCa2 1350 25C798 395 | 25C1908 29 | AN343 390 | STKa35 950 Etectronics, inc 36, 37 38 39
25A489 139§25C116 300§ 25C799 325 2SC1909  3.75 | AN360 250 | STKa37 1150 ¢ Cobra Productof LS S
2SA495 60 | 2sC172 1.75 | 25C815 55§ 25C1957 100 | AN380 750 | STK439 1160 obra, Product o
25A496 99 |2sC206 250 | 2sC828 49 | 25C1964 395 | BA302 250 | TA7028M 350 ) Dynascan ........... SECOND COVER
2SA497 1.44 | 28C237 175 2SC829 49 | 2SC1969 4 70 § BA511 300 f TA7045M 325 53 Communications Electronics ........ 90
2SA509 50 | 25C281 50 | 2sC830  2.95 | 25C1973 90 | BAS21 3.40 § TA7051P  3.00 9 Continental Specialties Corporation .. 2
2SA525 195 ] 2sC284 1.20 | 25C838 50 | 25C1974 350 C3001A 295 § TA7054P 305 10 Cooper Group, The BT
2SA537A 195 ] 25C287 125 | 25C839 50| 25C1975 350 Cx0758 295 | TA7055P 300 i R E L e I k- -
2SA539 60 | 25C291 395 | 2sC853 90 | 2sC2020 495 Cx100D 850 | TA7060P 140 ]
25A561 48 § 25C325 395 25C866 500§ 25C2027  6.00 JCX101G 850 | TA7061P 150 11 Digi-Key Corporation .............. 95
25A562 45 § 25C367 85| 2sC867 6.00 | 25C2028 .80 | CX103D 850 | TA7062P 150 12 Digital Group, The .............. ng 9
2SA564 50 | 25C371 491 25C870 50 § 25C2029  3.40 JCX104A 850 § TA7063P 150 13 Digital Research Corp 103
2SA565 1.05 | 25C372 49 | 2sC871 50§ 25C203a  2.95§Cx121a 750 [ TA7072 sigg il HS =SS iESEEIRTIS IR e s T
2SA566 320 | 2SC373 .49 | 25C900 50 | 2sC2074  250fCx130a 700 | TA7074 290
2SA606 169 228374 49 | 25C922 69 2282075 4.00 8((128/: 11.70 | 1A7075 375 14 EICO ... 87
25A624 99 § 25C375 49 | 25C929 49 | 25C2091  2.50 1 1400 § TA7076 375 ientifi
2SA628 49 | 25C380 49 | 28C930 a9 | 25C2092  3.25 | DN834 150 § TA7089 290 Ef’e@ggﬁifcéegg'rgsco R "']88
257634 1.00 | 25C381 50 | 25C938 95 | 25C2098 390 | DNB3S 160 | TA7102P 580 YSICMSh g = w puemee ez - - :
2SA636 125 | 25C382 55 | 25C943 1.00 | 2sC2166 375 | DNB37 150 § TA7106P 325
2SA640 49 | 2sC384 60 | 25C945 49 | 25D45 4.95 | ONB38 170 | TA7120P 150 15 Fordham Radio Supply ....... ..... 109
25A643 60 | 25C385 70 | 25C959 135 | 25D68 90 [ HA 1151 320 | 1A7122 150
254659 49 | 25C386 70 2sC960 295 | 2sD72 gofHA1157 420 | TAa7124 185 ,
2SA663 4.75 § 25C387 50 § 25C984 80 | 2sp77 150 HA1158 420 | TA7146P 375 GFN Industries, Inc ... ..... s, 19
25666 69 228393 49 gggwooo 49 2202; 395 uﬁngg ggg TA7148 390 16 Godbout Elecs., Bill ................ 103
A 25A671 1.50 | 2SC40 50 1013 95 | 25D 4.80 11 i TA7149P 390 7 llege i ing.... 8
2SA672 70 | 25Cas4 494 25C1014 95 2sD118  300fHA1202 220 | TA7IS0P 375 1 e amiGRlISgSTer Engivseniig s
2SA673 70 | 25Ca58 49 25C1017 120 | 28D130 120HA306 490 | TA7153 690 :
2SA678 65 | 25C460 494 25C1018 100 | 2SD170 150 |HA1308 450 | TA7167 6.20 5 Heath Company ..... ... FOURTH COVER
2SA679 4.95 § 25C461 491 2SC1030  2.80 | 2SD180 250 HA1312 3.40 § TA7200P 350 18 HobbyWorld ......... ... .. ... .. 99
2SA680 495 §25C478 80 [ 25C1034 5.60 § 2SD187 49 | HA1314 420 TA7201P 450
2SA682 1.49 §2SC481 1.50 | 25C1047 59 | 2SD188 270 HA1316 350 § TA7202 4.50
2SA683 60 |25Ca82 1400 25C1060 140 2Sp201  as0fHAI318 500 | TA7203 425 19 IE Integrated Electronics ......... .. 109
254684 60 § 25C484 260 2SC1061 1.25 | 2SD213 495 HA1322 420 | TA7204 370 20 illinois Audio ........ .. ... ..., .. 87
2SA695 60 §2SC485 1400 25C1079 395 | 2SD217 3.80 | HA1325 320 § TA7205 360 21 International Components Corp ... ... 102
2SA699 130 | 25C486 150 0 25C1080 395 ] 25D218 390 HA1339A 495 J TA7207 350
2SA699A 145 f25C493 350 2SC1096 80 | 250227 a8 Ha1342 450 J TA7208 350 )
2SA705 75 |25Ca94 450 2sC1098  1.00 | 250234 85QHA1366 420 | TA7209 380 50 J&R Music World ............ ... ... 85
2SA706 1.45 | 25Ca95 85| 2sC1114 492 | 25D235 gsfHA1T112 890 | TA7210 6.50 22 Jade Computer Products ....... ...101
2SAT715 1.35 | 2SC496 8504 25C1115 300§ 2SD257 350 HA11113 650 | TBASOO 4.40 23 Jameco Electronics ... .. ..... ... . 92,93
2SA719 59 §2SC497 1.40 § 2SC1116 4.25 § 2SD261 100§ HD3113 490 | TBA810DS 440 24 Jim-Pak 11
2SA720 59 | 25C502 150 §2SC1116A 475§ 250287  3.70f HD3127 780 | TCa0stP 175 )| <7 YIMTFAK ..o
2SA721 59 | 25C503 175§ 2sC1124 120 | 2SD288 150 | LA1201 425 | TC5080P 580
2SA733 49 §2SC504 175§ 25C1162 100} 250313 1.05) LA1240 330 § 7C5081P 360 25 Kager International ...... . ...... .. 73
2SA740 1.95 | 25C509 75| 2sC1166 48 | 250314 150§ LA1364 370 | TC5082P  4.00
2SA745 450 |2SC515 195§ 25C1170B  4.95 | 2SD315 120 LA1366 425 | TC9100P 850 )
J2sarar 575 )escsiz 3e0f2sCi172 525 | 250318 195) LA1369 425 | TD3400P 155 26 LesliePaul,Inc................ ... 43
2SA750 49 238235 55 2581173 75 230355 90 LA3155 225 | TD3aa1AP 510
2SA756 3.30 | 2SC536 49 1 2SC1175 75§ 2SD330 1.50 | LA3201 195 § TMa312P 1.00
25a758 560 | 25C537 soloscioos 750 250331 150fLa3301 340 furicons esof | 27 M-C'mocs“ Labfrat&'ygnc """""" gg’
2SA777 99 | 2sC538 60 | 25C12171 590 250356 100 LA3310 420 § UHIC003 650 IC10] SOmPUlCT Marl 142l . s
25A816 70 | 2sCs63 gof2scrar2 165 25p358 110§ LA3350 330 f UHICO0Z 650 51 Midland International .. ... .. .. .. 15
2SA839 1.95 | 25C580 195 2sC1213 59 | 2SD360 1.05 | LA4000 750 | UHIC005 650
25C608  595f 2SC1226a 85 | 2SD382 1.20 | LA4030 540 J UH1C006 650 NRI Schools 16 17.18 19
25822 65 §25C609  595] 25C1237 400 | 25Da27  255] LA4031P 320 | UPCiEC 250 8 csR&D L S
25B54 49 02scera 3950 25C1239 350 f 250525  150f LAa032p a9 JupC20€ 375 | 28 Netronics Ltd ..o
25856 95 f25C619 651 25C1306 350 | 25CF6 1250 LA4051P 320 JUPC3OC 375 29 New-Tone Electronics ........ ... ... 97
2SB75 48 §25C620 43§ 28C1307 475 2SCF8 350§ LA4101 320 J UPCa1C 280 30 New-Tone Electronics ..., ... ..... 110
2sg77 ag 288627 2.25 2SC1308 575 2§F89 3.00 | LA4201 325 f UPC48C 395
2SB111 59 | 2sC632 0] 2sC1312 49 | 25K1 125 LA4400 340 | UPCIS7CA 250 : :
258156 95 1o5Ce3aa 60 25C1313 a9 ) 2Sk23A  100fLA4a20 340 | uPCsseC  250) | 31 OK Machine & Tool Corporation .. ... 7
2SB172 60 | 2SC6a4 49 | 25C1317 49 | 2SK30A 75 LADOOT 320 | UPCS55H 220 32 Olson Electronics ............... ... 104
2SB175 60 J2SC645 60 | 2SC1318 49 § 2SK33 90 | LD3040 1.60 J UPC563H2 8.00 33 Optoelectronics ..... . ........... 14
H2sB186 49 | 25C674 60 | 25C1327 49 | 25K34 90 LD3120 240 | UPCS66H 125
2SB187 55 2sC680 260§ 2sC1330 135 | 25K40 130 M5112 840 JUPC573C 325 ) 87
258202 1.50 | 25C684 1.20 | 2SC1342 49 | 2SKks5 1.00M5151PR 780 | UPC575C 260 34 PAIA Electronics, Inc ..............
288227 295 §2SC693 .49 § 2SC1344 49 | 3SK22 220 M5152L 2.75 | UPC576 325 35 Page Digital Electronics ............ 73
258234 295 §2SC696 1.75 | 25C1347 85 § 3SK22Y 2.20 f M5192 4.80 | UPC587C2 295 36 Panasonic ................... ... 23
258235 795 125C699 5950 25C1359 65| 3SK35 200fM51171L 200 | UPC592H2 140 37 Pickering & G0 . .o 21
258270 79 | 2sC708 1.75 | 25C1360 95 | 3sk39 200fM51513L 510 | UPC595C 295 38 Poly Paks 107
2SB303 49 f25C710 49 | 25C1362 52 | 3SK40 2000 MB3705 335 JupCseeC 275 | VO TOY FARS .o T
2SB324 2SC711 2SC1364 110 | 3SK41 220 MN3001  19.50 | UPC1001H2 350
2SB337 . 25C712 28C1377 4.80 | 3SK45 220 MN3002 1170 § UPC1008C 575 39 Quest Electronics ........... ...... 108
2SB370 25C715 25C1382 95 | 3SKa9 220fMN3003 945 | UPC1020H 425
25B405 25C717 25C1383 50 | JSP7001 75f MN3004  17.95 | UPC1025H 350 »
25B407 2SC730 25C1384 80 | MA26 28 MN3005 7500 | UPC1026H 310 40 Radio Hut .................. ... ... 94
258415 2SC731 25C1402 360§ MPS8000 125QMN6040 1675 | UPC1152H 395 Radile 'Shack! e ster ve o s nn Mo, daassl3y91
223434 238732 25C1403  3.60 MP§8001 1.25 | MN6040A 16 75 upgusm 395
25Ba35 25C733 25C1419 95 | MPSU02 50 UPC1155H 395 ) .
25Ba40 2SC734 25C1447 90 § MPSU31 400 PLLOTA 13.50 § UPC1156H 450 49 Sabtromcs International Inc. ...... 74,75
2SB461 25C735 49 02sCraa8 100 MRF8004 300fPLLO2a 850 | UPC1380C 950 41 Scelbi Computer Consulting, Inc. .... 66
258463 d 2SC738 2SC1449 SD1074 19950 PLLO2A-G 850 | UPC78L05 1.40 42 Scientific Audio Electronics, Inc ... .. 40
2SB471 2SC756A  2.40 | 25C1475 25] sp1076 28 95| SGE0O9 480 | UPD277C 450 43  Shakespeare Company ........... 32,33
2SBa72 25C763 .49 § 2SC1507 40 | 4004 3.00 | SG613 6.75 | uPDB57C 1550 44 Shure Brothers Inc .. e 1
2SB474 25C773 25C1509 4005 3.00 | S6080A 3.75 | UPDBS8C 950 dcn [Soiid Sete Saleg T ramT- e 102
2SB481 2SC774 50 § 2SC1624 10 § 40080 1.25 | 560808 3.80 ] JPD86IC  18.50 @l LU e g - el
46 Southwest Technical Products
MINIMUM ORDER $5.00 Corporation ... ... i, &Pl e
Al orders add $1.00 Postage and Handling. EW. ’ N 47 Sparkomatic ....... ... .. 45
Canada $1.50
N.J. Residents aodd 5% sales tax EEmONm 48 TAB Books ... .. F 87
DEALERS: Write on letterhead for confidential price list. .
O I T LR P -O. Box 1738A, Bloomfield, N.J. 07003 Western Auto ... .. .. e 26
ALL PARTS GUARANTEED — COD ORDERS WELCOME Phone: (201) 748-6171, 2, 3
CLASSIFIED ADVERTISING ... ..111,112,113

CIRCLE NO 30 ON FREE INFORMATION CARO
110 POPULAR ELECTRONICS
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Flectronics Classified

REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.40 per word. Minimum order $36.00. EX-
PAND-AD*® CLASSIFIED RATE: $3.60 per word. Minimum order $54.00. Frequency discount; 5% for 6 months; 10% for 12 months paid in advance. PERSONAL
RATE: For individuals with apersonal item to buy or sell, $1.40 per word. No minimum! DISPLAY CLASSIFIED: 1" by 1 column (2-1/4" wide). $280.00. 2" by 1 col-
umn, $560.00. 3" by 1 column, $840.00. Advertiser to supply film positives. For frequency rates, please inquire.

GENERAL INFORMATION: Ad copy must be typewritten or clearly printed. Payment must accompany copy except when ads are placed by accredited advertis-
ing agencies. First word in all ads set in caps. All copy subject to publisher's approval. All advertisers using Post Office Boxes in their addresses MUST supply
publisher with permanent address and telephone number before ad can be run. Advertisements will not be published which advertise or promote the use of
devices for the surreptitious interception of communications. Ads are not acknowledged. They will appear in first issue to go 1o press after closing date. Closing
Date: 1st of the 2nd month preceding cover date (for example, March issue closes January 1st). Send order and remittance to Classified Advertising, POPULAR
ELECTRONICS, One Park Avenue, New York, New York 10016, Attention: Hal Cymes.

FOR SALE

FREE! Bargain Catalog—I.C.'s, LED's, readouts. fiber optics,
calculators parts & kits, semiconductors, parts. Poly Paks,
Box 942PE, Lynnfield, Mass. 01940.

GOVERNMENT and industrial surpius receivers, transmitters,
snooperscopes, electronic parts, Picture Catalog 25 cents.
Meshna, Nahant, Mass. 01908.

LOWEST Prices Eiectronic Parts. Confidential Catalog Free.
KNAPP, 4750 96th St N.. St. Petersburg, FL 33708.

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER.
Large catalog $1.00 deposit. BIGELOW ELECTRONICS,
Blutfton, Ohio 45817.

RADIO—T.V. Tubes—36 cents each. Send for free catalog.
Cornell, 4213 University, San Diego, Calif. 92105.

AMATEUR SCIENTISTS. Electronics Experirrenters, Sci-
ence Fair Students . .. Construction plans — Complete, in-
cluding drawings, schematics, parts list with prices and
sources . . Robot Man — Psychedelic shows — Lasers —
Emotion/Lie Detector — Touch Tone Dial — Quadraphonic
Adapter — Transistorized Ignition — Burglar Alarm — Sound
Meter . . . over 60 items. Send 50 cents coin (no stamps) for
complete catalog. Technical Writers Group, Box 5994, Uni-
versity Station, Raleigh, N.C. 27607.

ROTARY SWITCH 4P11P 5/$5; 6P11P 5/$7.25. Dip Switch
10-SPST 10/$15. Transtormers 12.2 V CT-6A plus 8.5V-5A
$6.95. 24V-5A $5.95. 10' RG58C/U 12/$10. Fertiks, 5249
"D", Philadelphia. PA 19120.

SOUND SYNTHESIZER KITS—Surf $14.95, Wind $14.95,
wind Chimes $19.95, Musical Accessories, many more.
Catalog free. PAIA Electronics, Box J14359, Oklahoma City,
OK 73114,

HEAR POLICE / FIRE Dispatchers! Catalog shows exclusive
directonies of “confidential” channels, scanners Send post-
age stamp. Communications, Box 56-PE, Commack, N.Y.
11725,

UNSCRAMBLERS: Fits any scanner or monitor, easily ad-
justs to all scrambled frequencies. Only 4" square $29.95.
fully guaranteed. Dealer inquires welcomed. PDQ Electronics,
Box 841, North Little Rock, Arkansas 72115.

POLICE/Fire scanners, large stock scanner crystals,
antennas. Harvey Park Radio, Box 19224, Denver,
CO 80218.

BUILD AND SAVE TELEPHONES, TELEVISION, DETEC-
TIVE, BROADCAST Electronics. We sell construction plans
with an Engineering Service. Speakerphones, Answering
Machines, Carphones, Phonevision, Dialers, Color TV Con-
verters, VTR, Games, $25 TV Camera. Electron Microscope,
Special Effects Generator, Time Base Corrector, Chroma
Key. Engineering Courses in Telephone, Integrated Circuits,
Detective Electronics. PLUS MUCH MORE. NEW Super
Hobby Catalog PLUS year's subscription to Electronic News
Letter, $1.00. Don Britton Enterprises, 6200 Wilshire Bivd.,
Los Angeles, Calif. 90048.

NAME BRAND Test Equipment. Up to 50% discount. Free
catalog. Salen Electronics, Box 82, Skokie, lllinois 60076.

SURPLUS COMPONENTS, Communication and test equip-
ment. llustrated catalog 25 cents. E. French, P.O. Box 249,
Aurora, llinois 60505.

TELEPHONES UNLIMITED, Equipment Supplies. All
types, Regular, Keyed, Modular. Catalog 50 cents.
Box 1147E, San Diego, California 92112.

CARBON FILM RESISTORS 1/4W, 1/2W - 1.7 cents each.

FREE sample / specifications. Other components, COMPO-
NENTS CENTER, Box 295, W. isfip, New York 11795,

B&K Test Equipment. Free catalog. Free Shipping. Dinosaur

discounts. Spacetron-AG, 948 Prospect, EImhurst, IL 60126.
DO-IT-YOURSELFERS! @
Let Kester solder aid you 1n your home repairs
or hobbies. A radio, TV, mode! train, jewelry.
plumbing, etc. Save money — repair it yourself.
Send self-addressed stamped envelope to Kester
for a FREE Copy of '"Soldering Simplified'’,

KESTER SOLDER / 4201 Wrightwood Ave

Chicago, |Il 60639

USED TEST EQUIPMENT — Tektrorix, HP, GR. Write: PTI,
Box 8699, White Bear Lake, MN 55110. Phone: (612) 429-
2975.

WEATHER MAP RECORDERS: Copy Satellite Photo-
graphs, National-Local Weather Maps. Learn How!
$1.00. Atlantic Sales, 3730 Nautilus Ave., Brooklyn,
N.Y. 11224, Tel: {(212) 372-034S.

TELETYPE EQUIPMENT for sale for beginners and exper-
ienced computer enthusiast. Teletype machines, parts.
supplies. Catalogue $1.00 to: ATLANTIC SALES. 3730
Nautilus Ave., Brooklyn, NY 11224. Tel: (212) 372-0349.

WHOLESALE C.B., Scanners, Antennas, Catalog 25 cents.
Crystals: Special cut, $4.95. Momitor $3.95. Send make.
model. frequency. G. Enterprises, Box 461P, Clearfield, UT
84015.

AUDIO EXPERIMENTERS, Serious Music Synthesizer
Stuff: literature, kits, components, circuits and
more. Send SASE for FREE INFO. CFR Associates,
POB F, Newton, NH 03858.

NAME BRAND TEST EQUIPMENT at discount pnces. 72
page catalogue free. Write: Dept. PE, North American Elec-
tronics, 1468 West 25th Street, Cleveland, OH 44113.

v ... ORGAN KITS

| KEYBOARDS
%, | THE ULTIMATE IN DESIGN
\U. AND SOUND

NN A Demo Record & Brochure $1.00
Wuriitzer reproductions

!  DEVTRONIX ORGAN PRODUCTS, Dept. C
5872 Amapola Dr. e San Jose, CA 95129

UNSCRAMBLE CODED MESSAGES from Police, Fire
and Medical Channels. Same day service. Satisfac-
tion guaranteed. Don Nobles Electronics, Inc., Rt. 7,
Box 265B, Hot Springs, Arkansas 71901. (501)
623-6027.

SCOPE Heathkit 10-4510 with calibrator $550. John H.
Johnson, 922 E. 18th, Cheyenne 82001.

UNSCRAMBLERS FOR any scanner. Several models avail-
able. Free literature. Capri Electronics, 8753T Windom, St.
Louis, MO 63114,

CB ANTENNA CONSTRUCTION MANUAL: Build 16 DB Gain
Beams plus Quads, Verticals, Ground Planes using common
hardware. Easy assembly/highest performance — Complete
$4.00. Tenna-Farm, 1117 Dewitt Tr., Linden, N.J. 07036.

GIANT BARGAIN ELECTRONIC CATALOG listing thousands
of components, tubes, transistors, iC’s, kits, test equipment.
Edlie’s, 2700-1PA Hempstead Turnpike, Levittown, N.Y.
11756. Price $1.00 refundable with first order.

TRANSISTORS FOR CB REPAIR, IC’s and diodes. TV
audio repairs, 2SC799 — $3.00, 2SC1306 —
$2.95, 25C1307 — $3.85, TA7205 — $3.50, more.
Free catalog and transistor. B&D Enterprises, Box
32, Mt. Jewett, PA 16740.

UNSCRAMBLER KIT. Tunes all scramble frequencies. may
be built-in most scanners, 2-3/4 x 2-1/4 X 1/2. $19.95. Factory
built Code-Breaker. $29.95. Free Catalog: KRYSTAL KITS,
Box 445, Bentonville, Ark. 72712. (501) 273-5340.

ELECTRONIC

SURPLUS

FAEE CATALOGS

ETCO ELECTROMICS, Cepi EB

Marih Couniry Shopping Cenler
Ar. 9K, Plattaburgh, N.Y. 12301

SURPLUS ELECTRONICS

ATTENTION HOBBYISTS — SEND FOR
YOUR FREE CATALOG
Great buys In tape drives, keyboards, power
supplies, and transformers. We 3iso have heat
sinks steel cabinets, I/0O terminals video dis
plays, printers, and equipment cases. And of
course components, fans, wire, and cable. Write

s 10 Flagstone Drive

Worldwide Electronics Hudson, NH 03051

NOW carry up to 40
axtra gallens with
econ

auxiliary tanks

for Plckups & Vans
DETROIT APPROVED: No rust or weld sediment
e Install one hour—lightwelght, no DOAywork
required ¢ Complete Kit ¢ Guaronteed lite of
vehicle ¢ Meets Federal & State standaras

i
For FREE Catalog-TOLL FREE 800/433-2386 :
i

(In TEXAS call 817/756-6221)
PICKUP & VAN EQUIPMENT CO.
Dept. PE, P.O. Drawer C, Hewitt, TX 76643
L------------

BUILD THE ARTISAN ELECTRONIC ORGAN ... The 20th
century successor to the classic pipe organ. Kits feature mod-
ular construction, with logic controlled stops and RAM Pre-Set
Memory System. Be an ar-ti-san. Write for our free brochure.
AOK Manufacturing, Inc., Box 445, Kenmore, WA 98028.

WIRE PVC INSULATED « BUSS WIRE * WIRE WRAP
PVC INSULATION — 1050U10 COLORS

l WIRE WRAP
6a | STRANDED COND | _SOLID COND BUSS WIRE {WHT_OR BLUE
100 FT 1000 FT 100 FT 1000 FT 100 FT 1000 F1 100 f1 1000 F1T

24 280 12 00 Al g 150 q00_ |
22 225 1400 200 12 00 17N 100
20 275 1700 240 15 00 224 1490

8 300 | 900 | 275 | 1700 ] 250 | 1500
[30 225 [ 1o

AL &HE N STOCK - UEAQY E K MMET ' SecoManT MISM W ORDEASSO0 21 4 M SHEPAG
Ay ANDL AL $70NITS M LS & THECn D7 MONEY ORTF~ 1L

RAM ELECTRONICS, BOx 336 BROOKHAVEN N Y 11718

RADIO SHACK MERCHANDISE 10% off catalog prices.
$25.00 or more delivered. A.S.C. 2224 N. 10th St., McAllen,
TX 78501.

BATTERIES, NiCad new surplus. 10 pack — $3.50. G. White,
P.O. B. 19279, San Diego, CA 92119.
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SMALL
WONDER

You can get a vir-
tual wall of sound
out of two-element
high-fidelity stereo
speakers only ten
inches high With
doime tweeter
and 6" woater the
Speaketlab Pornt
Ore out performs the

expensive, imported miniature
systems, yet only costs $55 each
Because you assemble it in less
than an hour with only a tube of
special adhesive See it in our 54-
page color catalog/manual of kits,
raw speakers and accessories

Send 5(X to ®

Dept. PE-R,
735 N. Northlake Way
Seattle, WA 98103

CB ANTENNA. MAKE YOUR OWN HORIZONTAL BEAM.
Have people looking for your boots while you are talking
barefoot. Plans $3.00. 1314 E. Oak Park, Des Moines, lowa
50316.

AMAZING NEGATIVE ION GENERATORS and accessories.
Fascinating details. $1.00. Goiden Enterprises, Box 1282-PE,
Glendale, AZ 85311.

NEW RCA Close Circuit TV Equipment, Camera $290.00, 10"
Monitor $235.00, free catalog. PITT ENGINEERS, 205 E.
36th St., Amarillo, Texas 79110.

SAVE 15% or more NORTHSTAR, CROMEMCO,
others. MINI MICRO MART, 1618 James, Syracuse,
N.Y. 13203. (315) 422-4467.

RCA COSMAC VIP Computers. Backgammon against com-
puter. Blackjack, Craps, Pinball, Star Wars, much more.
SVSP, North Hollywood, CA 91601.

LIGHT SHOW FOR CAR., Colored blinking lights re-
fracted through translucent panel into diamond
shapes. Beautiful. Kit $6.50, choose size: 2 by 4, 6,
or 8 inches. Light Boxes, Box 261, Rheem Valley, CA
94570.

SUMMER SPECIAL! Complete CARTRIVISION TELEVI-
SION RECORDER ELECTRONIC ASSEMBLY. (see previ-
ous issues) $11.50 plus $3.50 S&H. Master Charge, Bank-
Americard. M.E.C., 369, Madison, Alabama 35758. MONEY
BACK GUARANTEE.

PRINTED CIRCUITS. Tomorrow's innovations today and
complete general supplies. Catalog $1 refundabie. CIR-
COLEX, Box 198, Marcy, N.Y. 13403.

TANDY TRS-80, HEATH H-8 Adapters to S-100 bus,
$49.95 kit. MINIMART, 1618 James, Syracuse, N.Y.
13203.

LOWEST PRICES: CPUs: 1802, $19.95, 6502 $24.50, 6800
$24.95, 8035-8 $17.75, 8080A 2usec $7.95, 8080A-1 1.3us
$11, 8080A-2 1.5us $9, 8085 $22, 8748-8$49.00, PACE 16bit
$39.00, 780 $29.95, 8080A/8085 Support: 8155 $20.00, 8251
$11.50, 8253 $22, 8255A $10, 8257 $28.75, 8259 $24.65,
8275$99.99, 8279 $21, 8741-8 $75, 8755-8 $85; RAMs: 2114
$14, 2115-2 85, 2116 $52, 2125A $6; BYTE ELECTRONICS,
Box 8603, San Jose, CA 95155.

MEMORY ADAPTER converts any voltmeter into high per-
formance memory voitmeter. Send $12.00 plus $2.00 postage
to: PECKTECH, 6545 Thomwood St., San Diego, CA 92111.

DIGITAL INSTRUMENTATION for your CAR/VAN/
TRUCK/BOAT. 120-page book of explanations and
schematics on how to build DIGITAL tachometers,
clocks, temperature, voltage, gas, oil and other
projects. $5.95 pp. M.0. only. DIGITAL WORLD, P.0.
Box 5508, Augusta, GA 30906.

SEVEN SEGMENT LED DISPLAY .3 HIGH, W/Resistor &
74L47 DIPs on flex circuit, dual unit $1.00; 1/16 2 side PC
Board 8Y2x11 3/4", 50 cents; card guides, plastic w/frame, 15
PRFOR $4.95; Elco Sockets, 37 PIN, you strip 15 for $4.95;
Cooling Fans, 4%z in sq, 110 volt ea $4.00; 74L74, 74L04 DIP
House no., each 15 cents. Stepping Motors, 15°/step, 28 volt
each $4.95; DC Motor & Tach Generator, 12 volt each $9.95.
SASE for free catalog — min order $5.00, MC, BAC OR VISA
accepted. Phone 1-817-625-2961. J&E Electronics Sales,
Inc., P.O. Box 4504, Fort Worth, TX 76106.

TRANSFORMERS—Obsolete, all kinds. Send SASE for list.
Marcrum, 513 Pontiac Court, Madison, TN 37115. Phone:
1-615-865-7078.

PLANS AND KITS

QUALITY KITS, over 7,000 schematics. $1 (refundable) for
illustrated catalog. Tek-Devices, Box 19154c, Honolulu, HI
96817.

BUILD YOUR OWN COLOR ORGAN for under $10.00. Send
$1.25 for plans. PPG, 14725 Oxnard, Van Nuys, CA 91401.
“FUNDAMENTALS OF ROBOT DESIGN" $10. Write:
Advanced Research Scientific, P.0. Box 19041-R,
Detroit, MI 48219.

AMAZING ELECTRONIC
N PRODUCTS s~

LASERS SUPER POWERED, RIFLE, PISTOL POCKEY - SEE IN DARK - PYRD-
DE-BUBGING - UNCRAMBLERS - GIANT TESLA - ST

UNWAND TV
GY PRODUCING, SCIENTIFIC DETECTION,  LECTRIFYING
SONIC, C8. AERD. AUTO AND MECH DEVICES. NUNOREDS
PLUS INFO UNLTD PARTS SERVICE.
INFORMAT ION unlimitea

Box 626 Lord Jeffery PZ » Amherst, N.H. 03031

CATALDG §)

FREE KIT Catalog contains Test and Experimenter’s
Equipment. Dage Scientific Instruments, Box
1054P, Livermore, CA 94550.

TIGER SST
SIMPLI-KIT

THE DO-IT-YOURSELFER

| 5 5 o
Nm-a high quality CD Electronic
Ignition System in kit form.

Contains all components and solder to
build complete SolidState Electronic
CD lIgnition System for your car. As-
sembly requires less than 3 hours.

® increases MPG 15% ® Eliminates 4 of 5 tune-ups
® Increases horsepower 15% ® Instant starting, any

®Plugs and Points last weather
50.000 miles ®Dual system switch

Fits onty 12 voit neg. ground . .. Only $21.,95 postpaid

e, “Tri-Star Corporation
P.O. Box 1727 Grand Junction, Colorado 81501

BUILD YOUR OWN
SYMPHONY
OF SOUND!

Its fun and easy —takes just min-
utes a day! Complete kits for
organs, piancs, strings, rhythms,
amplifiers, synthesizers. Also
factory assembled. 104-page
catalog $2.00

- OWERSI

Wersi Electronics, Inc.
Dept. ZD, 1720 Hempstead Road
tancaster, PA 17601

CB/HAM Construction Plans. OMNIPOLARIZED BASE AN-
TENNAS. Modulation boosting VOX-COMPRESSOR. Port-
able 300MHz FREQUENCY COUNTER with memory! Plans
$3.00 ea. $7.50/all. Many others, catalog with order.
PANAXIS, Box 5516-A7, Walnut Creek, CA 94596,

ELECTRONIC INSECT KILLER, instantly kilts all types of in-
sects! Complete schematic and plans. Send $5.00, P.O. Box
4252, Bellevue, WA 98009.

LASER-SOLAR-ELECTRONIC-PLANS: WELDING-Burning
Laser — $9.00, Five Laser Plans — $8.00, Laser Light Show
— $19.00, Incredible "Wild Ideas” Catalog — $2.00. Solaser,
“PE778", Box 1015, Claremont, CA 91711.

KITS 500 MHz Frequency Counter $79.95. 650 MHz pre-
scaler, $17.95. Flashing LED, $1.00. SASE, Lectronix, Box
42, Madison Heights, MI 48071.

ALARMS

QUALITY BURGLAR-FIRE ALARM EQUIPMENT at discount
prices. Free Catalog! Steffens, Box 624K, Cranford, N.J.
07016.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount
prices for Shure, Pickering. Stanton, Empire, Grado and ADC.
Send for free catalog. LYLE CARTRIDGES, Dept. P, Box 69,
Kensington Station, Brooklyn, New York 11218. For Fast Ser-
vice call Toll Free 800-221-0906.

O quality at a g
affordabie prics. Asssembie il yourself.
Write for cetails.

Speakerkit, Box 12PE, Menomonie, Wl 54751

MICROCOMPUTERS

NEW! 1978

MICROCOMPUTER,

CATALOG

Giant, intormation-packed catalog sts
1000s of minumicro camputer products
plus books & periodicals 1or protessionals &
beginners alike

NCE/Compumart

Dept PED Box 8610 Ann Arbor, Mt 48107

MICROCOMPUTER OWNERS — Fascinating Programs in
BASIC. Free information. Brunswick Computer Software, 8
Teesdale St., Moncton, N.B., CANADA ELA 5K5. U.S. In-
quines.

WANTED

GOLD, Silver, Platinum, Mercury, Tantalum wanted. Highest
prices paid by refinery. Ores assayed. Free circular. Mercury
Terminal, Norwood, MA 02062.

TUBES

RADIO & T.V. Tubes—36 cents each. Send for free Catalog.
Cornell, 4213 University, San Diego, Calif. 92105.

TUBES: “Oldies", Latest. Supplies, components, schematics.
Catalog Free (stamp appreciated). Steinmetz, 7519-PE Ma-
plewood, Hammond, Ind. 46324.

TUBES-RECEIVING, Industrial and Semiconductors Factory
Boxed. Free price sheet including TV, Radio and audio parts
list. Low, low prices. Transelectronic, inc., 1365 39th St.,
Brooklyn, New York 11218. Telephone: (212) 633-2800. Toll
free: 800-221-5802.

TUBES 29 cents up, also have industrials, obsoletes. 25 cents
for catalog and $1 credit certificate. Connolly, Box 1333P, Sun
Valley, CA 91352.

TAPE AND RECORDERS

8-TRACK and CASSETTE BELTS — money back guarantee.
Long wearing. Free Catalog— $3 minimum order. PRB Corp.,
Box 176, Whitewater, Wisconsin 53190. (800) 558-9572 ex-
cept Wi,

TAPE HEAD CLEANER. 8 0z. — $2.30. Includes postage and
handling. Write: “Cleaner"”, Box 176, Whitewater, WI 53190.
800-558-9572 except WI.

RECORDS — TAPES! Discounts to 73%; all labels, no
purchase obligations; newsletter; discount dividend certifi-
cates; 100% guarantees. Free details. Discount Music Club,
650 Main St., Dept. 5-0778, New Rochelle, New York, N.Y.
10801,

SAVE $3% on blank cassettes. First line state-of-the-art quality
guaranteed. No minimum. Easy ordering. Fast, free shipping.
Sample C-46, $1.00. Larksong. Box 641, Point Arena, CA
95468.

GOVERNMENT SURPLUS

DON'T PURCHASE alarm equipment before getting our free
value packed catalog. Sasco, 5619-C St. John, Kansas City,
MO 64123. (816) 4834612,

MUSICAL INSTRUMENTS

UP TO 60% DISCOUNT. Name brand instruments catalog.
Freeport Music, 114 G, Mahan St., W. Babylon, N.Y. 11704.

MANUALS for Govt Surplus radios, test sets, scopes. List 50
cents (coin). Books, 7218 Roanne Drive, Washington, D.C.
20021.

JEEPS—$59.30! — CARS—$33.50! — 200,000 ITEMS! —
GOVERNMENT SURPLUS — Most COMPREHENSIVE DI-
RECTORY AVAILABLE tells how, where to buy — YOUR
AREA — $2.00 — MONEYBACK GUARANTEE — Govem-
ment Information Services, Department GE-25, Box 99249,
San Francisco, California 94109 (433 California).
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GOVERNMENT SURPLUS. Buy in your Area. How, where.
Send $2.00. Surplus, 30177-PE Headquarters Building,
Washington, D.C. 20014,

LEARN WHILE ASLEEP! HYPNOTIZE! Astonishing details,
strange catalog free! Autosuggestion, Box 24-ZD, Olympia,
Washington 98507.

PRINTING, Rubber Stamps, Low Prices. Fast Service. Free
Catalog, Magestro's Printing, North Ave., New Brighton, PA
15066.

GOV'T SURPLUS—buy direct from gov't. Complete info plus
application form $2.00. Info-Capsule A-1, P.O. Box 151.
Shelocta, PA 15774,

PERSONALS

MAKE FRIENDS WORLDWIDE through international corres-
pondence, illustrated brochure free. Hermes-Verlag. Box
110660/2, D-1000 Berlin 11, Germany.

TELEPHONES & PARTS

CORDLESS TELEPHONES. Operate 300 ft. from base. Fac-
tory rechecked, schematics included for personal mainte-
nance. Originally $399.00 — now $179.00. Check M.O. or
Credit Card. Telephone Marketers. P.O. Box 216, Brookfield.
WI 53005.

FORD'S CODE A phone 1200, $160; model 1400, $210;
1500, $259. Texas residents add 5%. Media Sales. 1305 Big
Deer, Crosby, Texas 77532.

INVENTIONS WANTED

l 1f you have an idea for a new product, or a way
to make anold product better. contact us, “the
idea people " We'll develop your dea. imtroduce 1t to
industry, negotiate for cash sale or royalty licensing.
Write now without cost or obligation for free
\nformation. Fees are charged only for contracted
services. So send for your FREE “Inventor's Kit." It
has important Marketing Information. a special
“Invention Record Form™ and a Directory of 1001

GRANTHAM'S FCC LICENSE STUDY GUIDE — 377 pages.
1465 questions with answers/discussions — covering third,
second. first radiotelephone examinations. $13.45 postpaid.
GSE, P.O. Box 25992, Los Angeles, California 90025.

EMPLOYMENT OPPORTUNITIES

INTENSIVE 5 week course for Broadcast Engineers. FCC
First Class license. Student rooms at the school. Radio En-
gineering Inc., 61 N. Pineapple Ave., Sarasota, FL 33577 and
2402 Tidewater Trail, Fredericksburg. VA 22401.

ELECTRONICS/AVIONICS EMPLOYMENT OPPOR-
TUNITIES. Report on jobs now open. Details FREE. Aviation
Employment Information Service, Box 240E, Northport, New
York 11768.

1978 “TESTS - ANSWERS" for FCC First Class
License. Plus - “Self Study Ability Test." Proven!
$9.95 Moneyback Guarantee. Command Produc-
tions, Box 26348-P, San Francisco, CA 94126.

BROADCAST STATION: Start your own. Any type! Home,
school, church, business operation. Get free equipment, rec-
ords. Details free. "Broadcasting”. Box 5516-A7. Walnut
Creek, CA 94596.

BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Mailorder! Helped others make
money! Free Prootf. Torrey, Box 318-NN, Ypsilanti, Michigan
48197,

FREE CATALOGS. Repair air conditioning. refrigeration.
Tools, supplies. full instructions. Doolin, 2016 Canton, Dallas.
Texas 75201.

MAILORDER MILLIONAIRE helps beginners make $500
weekly. Free report reveals secret plan! Executive (1K7), 333
North Michigan, Chicago. 60601.

GET RICH with Secret Law that smashes debts and brings
you $500 to $5 million cash. Free report! Credit 4K7. 333
North Michigan. Chicago 60601.

$3,000 MONTHLY. Work for us easily! For your instructions
and equipment, send $19 (refundable). K&S Electronics, P.O.
Box 12564, Seattle, WA 98111,

COLORADO JOB INFORMATION. Send $3.00 to Votek, P.O.
Box 1718A. Colorado Springs, CO 80901.

DO-IT-YOURSELF

MODULAR TELEPHONES now available. Sets and compo-
nents. compatible with Western Electric concept. Catalog 50
cents. Box 1147W, San Diego. California 92112

FCC and Telephone Company requirements, “How To Buy.
Instali, Maintain Your Own Telephone Equipment.” $3.50 in-
cludes postage/handling. Darbar, Box 1147Y, San Diego, CA
92112,

FREE MANUALS of 25 to 250 WATT amplitier kits.
Moonlighter Electronics, 117 Inverness, San Francisco. CA
94132

MAGNETS

MAGNETS. All types. Specials-20 disc, or 10 bar, or 2 stick or
8 assorted magnets. $1.00. Magnets, Box 192-H, Ran-
dallstown, Maryland 21133.

HIGHLY

PROFITABLE o NE'M AN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusual opportunity. Write today!
Barta-DG, Box 248, Walnut Creek, CA 94597,

333 RAYMOND LEE ORGANIZATION
the<{;1H] 230 Park Avenue North.New York NY 10017

-3
i 8
.;:;)aple% At no cost or obligation please rush

my FREE “Inventor's Kit No A-112 "

I Name

Address

City State

@ Corporations Seeking New Products. I
t

Phone No e AreaCo0e

FREE PAMPHLET: "Tips on Marketing Your Invention”, from
an experienced fee-based invention service company. Write:
United States Inventors Service Company. Dept. T, 1435 G
Street NW, Washington DC 20005.

PATENT SEARCHES. $50. include copies ot similar patents.
Secrecy guaranteed. For information write: Bumpass Re-
search Co., P.O. Box 3318, Baltimore, MD 21213.

YOU CAN make money from your ideas!!! FREE details.
Write: Advanced Research Scientific, P.O. Box 19041-R, De-
troit, M1 48219.

INSTRUCTION

SCORE high on F.C.C. Exams ... Over 300 questions and
answers. Covers 3rd, 2nd, 1st and even Radar. Third and
Second Test, $14.50; First Class Test, $15.00. All tests,
$26.50. R.E.I., Inc., Box 806, Sarasota, Fla. 33577.

UNIVERSITY DEGREES BY MAIL! Bachelors, Mas-
ters, Ph.D's. Free revealing details. Counseling, Box
317-PE07, Tustin, California 92680.

SELF-STUDY CB RADIO REPAIR COURSE. THERE'S
MONEY TO BE MADE REPAIRING CB RADIOS. This easy-
to-learn course can prepare you for a career in electronics
enabling you to earn as much as $16.00 an hour in your spare
time. For more information write: CB RADIO REPAIR
COURSE, Dept. PE078, 531 N. Ann Arbor, Oklahoma City,
Okla. 73127.

PASS FCC EXAMS. New Tests by noted Author and Teacher.
500 questions; Second Class $9.95; 200 First Class $6.95;
100 Radar, $3.95; postpaid. Save $8, combined, $12.95.
Complete Mathematical Solutions. Free Counselling Service.
Ralph Oeffinger. P.O. Box 1240, Garden Grove, CA 92642.

NEW LUXURY Car Without Cost. Free Details! Codex-ZZ,
Box 6073, Toledo, Ohio 43614.

GET RICH! Secret law erases debts. Free report exposes
millionaire’'$$ secrets. Blueprints, No. EE7, 453 W. 256, NYC
10741.

MECHANICALLY INCLINED Individuals desiring ownership
of Small Electronic Manufacturing Business — without in-
vestment. Write: BUSINESSES, 92-K2 Brighton 11th, Brook-
lyn, New York 11235,

MILLIONS in Mail!!! Free Secrets. $100 weekly/kitchen tabie!
Free brochure. American, Box 428-2G. Pomona, Kansas
66076.

CB DEALERS — write on letterhead for best wholesale
prices. Dixie CB Distributors, Rt. No. 3, Box 547, Prairieville,
LA 70769. Phone: (604) 622-2571.

$3,000 MONTHLY, fabulous mailing profits, daily earnings.
Free report. Modern, Box 222-E, Upland, CA 91786.

$1500 MONTHLY. Home mailing program. Start immediately.
Free details. GLAD, Box 5368-EP, Lighthouse Point, FL
33064.

EARN $1000 monthly stuffing envelopes! No gimmicks,
guaranteed!! Free details: L.O.E. Box ZD-06180, Portland,
OR 97206.

REPAIRS AND SERVICES

BELTS DON'T FIT? Send us your old ones with make and
model information and we will make new ones for you.
Guaranteed. Usually under $5.00. Aliow 2 weeks. Projector
Recorder Belt Co., 200 Clay St., Whitewater, Wl 53190.

SERVICEMEN — Cleaners. Lubricants, Adhesives for all
electronic repairs. Write for FREE catalog. Projector-Recorder
Belt Corp., Box 176, Whitewater, Wl 53190. 800-558-9572
except WI.

HOBBYIST give your project the professional look. PRINTED
CIRCUIT boards from your sketch or artwork. Affordable
prices. Rush free details. DANOCINTHS, Box 261, Westland,
Ml 48185,

REAL ESTATE

BIG ...FREE... CATALOG! Over 2,500 top values coast to
coast!! UNITED FARM AGENCY, 612-EP, West 47th, Kansas
City, MO 64112,

RUBBER STAMPS

RUBBER STAMPS, BUSINESS CARDS. Many new prod-
ucts. Catalog. Jackson's, Dept. K, Brownsville Rd., Mt. Ver-
non, lll. 62864.

BOOKS AND MAGAZINES

FREE book prophet Efijah coming before Christ. Wonderful
bible evidence. MEGIDDO Mission, Dept. 64, 481 Thurston
Rd., Rochester, N.Y. 14619.

COMPUTER BOOKS—New Catalog includes Microcomputer
Books. Only $1.50! The Computer Bookstore, 796 Navy
Street, Ft. Walton Beach, FL 32548,

FIELD ENGINEER'S GUIDE — more money, security, re-
spect. Avoid travel pitfalls. Moneyback guarantee. $5.00.
Ruther Glen Publishing, Box 4628, Virginia Beach. VA 23454,

FREE "Best Sellers”. Publishers trade secret revealed. How
to get Free Books. Guaranteed. Details — 13¢ stamp.
Freebooks Secret, Box 257-PE, Cedarhurst, NY 11516,

HYPNOTISM

SLEEP fearning. Hypnotic method. 92% effective. Details
free. ASR Foundation, Box 23429EG, Fort Lauderdale,
Florida 33307.

FREE Hypnotism. Self-Hypnosis. Sleep Leaming Catalog!
Drawer H400, Ruidoso, New Mexico 88345,

AMAZING self-hypnosis record releases fantastic mental
power. Instant results! Free trial. Write: Forum (AAT), 333
North Michigan, Chicago 60601.

MISCELLANEOUS

LEARN SAILING SEAMANSHIP PILOTING living aboard 45'
Yawl or 38" Sloop. 5 day course $249. Wayne McVay, 64
Mason Road, Barrington, R.I. 02806. (401} 245-7115.

ADDRESSES OF 73 MICROCOMPUTER MANUFACTUR-
ERS. Send $2.00 to Tec-l, Box 2577. North Canton, Ohio
44720,

MPG INCREASED! Bypass Pollution Devices easily. RE-
VERSIBLY!! Free details — Posco GEE7, 453 W, 256, NYC
10471,
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Double-Duty Digital

With cars getting smaller, finding space on the time-hon-
ored dashboard gets harder every year. Ford's solution
for its 1978 Pinto and Bobcat cars is a digital clock that
doubles as the AM radio’s tuning display. The clock’s
display turns off when the ignition is off, preventing bat-
tery drain: to check the time when the engine’s not run-
ning, you simply press a button. As with all digital dis-
plays, this one will make it easier to see at a glance ex-
actly what the time is or exactly to what frequency the
radio is tuned. One other advantage Ford doesn’t men-
tion: digital clocks. in our experience, seem to stand up
better to the jolting and temperature extremes that have
given older mechanical and electrical clocks the reputa-
tion of keeping time only until the payments stop.

REACT Keeps Reacting

REACT International, Inc., an organization of volun-
teer emergency CB radio owners was 1S years old last
year. Though the oldest (and largest) group of its kind. it
happily responds to ideas originating in the field. For ex-
ample. one innovation planned for this year is a full
computerization of individual team and membership
records, which will simplify direct mailings to individual
members. (numbering about 100.000) rather than bulk
mailing to REACT team leaders. That should get infor-
mation into team members” hands sooner, and save the
local teams a fair amount in remailing and clerical ex-
penses. There will also be a bi-monthly publication on
team management for team leaders. For youth mem-
bers. there will be a junior REACT program, too. Obvi-
ously, REACT listens to its members—not just to chan-
nel 9. To join a REACT team, contact them at 111 E.
Wacker Drive. Chicago, IL 6060l. Dues are $5.

Databanks on Home TV

“Pages™ of special “‘magazines’ as well as computer-
stored information will be popping up on some British
TV screens shortly. The “‘magazine’’ pages come from
a service called “Teletext,”” developed jointly by the
British Post Office (which is in charge of telecommuni-
cations in the U.K.). the British TV-set industry, and
the semiconductor and information industries. Teletext
sends its information in the intervals between frames of
the broadcast TV signal. Teletext-compatible TV re-
ceivers should be available in Britain about now. By the
middle of this year. a limited number of sets should ap-
pear with facilities for reception of still another TV-
based information system. The new system. Viewdata.
will provide viewers with thousands of pages of infor-
mation, transmitted over regular telephone lines. Dial
Viewdata. and the TV screen fills with a *““menu’” page
explaining the general subject areas available. Using the
phone dial as a “‘computer terminal.”” the viewer works
his way quickly through more and more detailed
“menus’’ until he finds the exact topic he wants. More

than 6000 “‘pages™ (each about equal to a double-
spaced. typewritten page) of information are now avail-
able, with up to 60,000 planned for the systems’ mid-
year trial introduction.

“*Smart” Pinball Machines

Now they're even building computers into pinball ma-
chines. The immediate advantage of replacing time-hon-
ored relay logic by microprocessors is the new features
this allows: commercial pinball machines can now in-
clude such things as a memory to allow a player to com-
pete against the high score of the week, the month or the
year. (An alphanumeric display lets the year's high scor-
er see his name in lights—until some new player broke
his record.) Bally's **Fireball* home machine (available
from both Sears and JS&A Sales, and in kit form from
Heath) stores up to four players’ scores, can be pro-
grammed for different degrees of player skill, and has a
built-in synthesizer that plays seven different tunes
when extra scores or bonuses are won. The main advan-
tage may eventually prove to be lower cost. That could
lead to more home pinball machines.

Recording Studio Equipment Study

In a recent survey. US recording studios were polled to
see what audio equipment was most popularly used. In-
terestingly. the 569 questionnaires returned to Billboard
magazine, conductor of the survey, revealed that quite a
few familiar. home-equipment brand names were in use
in recording studio applications. The most favored mon-
itor amplifiers were Crown and Mclntosh, for example,
and the tape-recorder (with fewer than 16 tracks) popu-
larity list was headed by Ampex, Scully, Teac, and
Sony. Nearly all brand names in the portable mixer
category are well-known, too. Similarly, microphones
in use, except for front-runner Neumann, could be
found in any tape enthusiast’s home: Electro-Voice,
Shure, AKG. Sony, and Sennheiser. Preferred head-
phones included such familiar names as Koss, Senn-
heiser. and AKG. Shure. Stanton, and Pickering are the
most widely used phono cartridges, and the overwhelm-
ing choices in audio tape are Ampex and Scotch. The
speaker-system field was dominated by JBL and Altec,
with Electro-Voice also being popular.

Hand-Held, No-Battery Calculator

Tired of replacing calculator batteries? Then Photon. a
new $39.95 hand-held calculator developed by TEAL
Industries, Inc.. may be for you. Photon is powered by
4 5.6 mm by 1.6 mm bank of solar cells which operate in
all wavelengths of visible light, indoors or out. Among
the more mundane features of Photon are an eight-digit
liquid crystal display, computation in both mixed and
chain modes. four-key memory. and live percent,
square-root, and sign-change keys. But don’t look for
an on/off switch—there isn’t one!

POPULAR ELECTRONICS
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Get out awhole lot farther
with Super Scanner

If you need significantly creater CB ranje, it's time to
trade up to Super Scanner. It's the best omni-
di-ectional base anterna you san zuy. k's also the
best 3-element beam you can buy. Search with
amni, zero in with beam. Your ctoice, with the
flicx of a switch. Foropz2ners, you get 5.75 dB gain
in th2 omni mode. Then instantlv, elecircnically, you
reach out w th a :remendous B.75 dB beam,
because we rotate the sigral, no: the anteana. Super
Scanner. It’s likoe increasing your power by
more than 7 tames. Dn y it's legal.

the antenna -
specialists co. m=]

1 43SE-<|id Ave., Clevelanc, ®H 43106 A member o the Allen Group, Inc.
Export: 220 Shares Drive, Westbury, —.|. lew York 11590

Canadc: A. C Simmonds & Sons, Ltd.

i

Sqr Soommer voce vas

electron ¢ omni beam C3 antanna

in 25 years...we've never been ostdiitanced. Fsofess énal cechity antennas c1d accz=sd ies for adliz2, :ndustrml, CB, marine, amateur avic ioen.
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Choose from 2 ‘The world’s
a variety of 9 9 \ largest selection

exciting new kits - @LQJ .-\ of quality
n"‘ / ” 4 . I

for summer \ electronic kits.

kitbuilding fun. @ Plus dozens
Nearly 400 kits in all of Heath-
to help you get the recommended

name-brand
products too!

most from your
electronic dollar!

(1] 0G 840
THK DE* ckm:-qu pacht
(7 =t

Self-Instruction
Courses
In Electronics

Low-Cost Straight Line/
White Line Chart Recording
Depth Sounder

»

Professional-Quality
Auto Engine Analyzer

Budget-Priced \
Digital Alarm b !
Clock Unique Electronic
Professional-Quality Digital Scale

Deluxe Coin-Tracking

Metal Locator Personal Computing Systems

Learn about the fascinating and rewarding ;
hobby of electronic kitbuilding. Experience FREE CATALOG ?gg?\v
the satisfaction of owning a top-performing, —

high-quality electronic product that you
built with your own hands.

Our easy-to-understand assembly manuals
are your kitbuilding *“‘partner” from start to

Schiumberger

Heath Company, Dept. 010-430, Benton Harbor, Michigan 49022
Please send me my FREE Heathkit Catalog.
| am not on your mailing list.

finish. Large, clear illustrations and step- Name.

by-step instructions lead you to successful e o

completion and the thrill of “turn-on”. It’s

easy, it’s fun, and it’s personally satisfying. Clrp—— e St —

Send for your FREE catalog today! LCL-GS*’ < W
1 1 °r 7 I ] [ |

CIRCLE NO 5 ON FREE INFORMATION CARD
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