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COB 
I DI 

The first remote CBs were nothing 
more than a CB transceiver that you 
locked in your trunk and an oversized 
mike 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 
62XLR. 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. 

1 

I. 
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 
building 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 

cirto do it right. obra 
Punches through loud and clear. 

Cobra Communications Products 
DYNASCAN CORPORATION 

6460 W. Cortland St., Chicago, Illinois 60635 
Write for color brochure 

EXPORTERS: Emp re Plainview, N.Y CANADA: Atlas Electrorucs Ontario 
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fact: 
the IV does more... much more! 

new! 

Shure V15 Type N 

lv 
Stereo Dynetic Phono Cartridge 
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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, 
regardless of program material or the rigorous demands of 
today's most technically advanced recordings. 

THE V15 TYPE IV OFFERS: 

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

SYSTEM TRACKABILITY 
THEORETICAL RECORDED VELOCITIES 

o ACTUAL MEASURED RECORDED VELOCITIES 
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FREQUENCY IN HERTZ 
Canridge-tone arm system trackability as mounted in SME 3009 
lone arm at 1 gram tracking force. 

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 lirt removal system. 

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

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. 

I.JFREE: 
Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204 In Canada: A. C. Simmonds & Sons Limited 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
CIRCLE NO. 44 ON FREE INFORMATION CARD 
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CSC'.: done it again. 
E token the priceand pérfcK- 

mance barriers with new MAX -100. 
The multimode, professional porta -n 

ble frequency cot]nte tat gives you 
more range, visibility, accuracyand. 
versatility than any compaa ble unit 
at anywhere near its iow, Icw price. 

MAXimum performance. 
v1AX-100 is a cinch to use. t g es 
'7ou continuous readingsfom 20Hz - 

:o a g iaranteed 1 G0MHz, with 8- - 

digit accuracy. Fast readings with - 

1 /6 -sec. update and 1 -sec. sampling 
-ate. Precise readings, derived from a 
crystal -controlled time base wth- 
3ppm accuracy. High-sensi:iv ty 
-eadings from signals as low as 30 
mV with diode overload prclec tion 
Jp to 200V peaks. 

Input signals ove 1004 lHz auto- 
matically flash the most signif icant 
digit. And to indicate law-bedewy Don- 
ditiorand extend remainírc battery 
ife.tre entiredisplay f ashes at 1Hz. 

MAXimum versatility. W ierev-, 
er and whenever you need aicc uraite 
ªrequency readings, MAX can do the 
.ob Lse it with clip -lead catlesup- 
alied. Mini -whip antenna Of loin' -loss 
n -line tap with UHF connectois. For 
4M o- =M; CB, ham, business radio 
and R/C transmitter or recei ie-align- 
ment Monitoring audio and RFgen- 
=rato-s. Checking corrputer c xks 

and other digital circuits. Repair of_ 
depth sounders and fish spotters. 
Troubleshooting ultrasonic remote 
conarol-. For these, and hundredis of 
other applications, yoú'll find t ndis- 
pensab.e. , 

MAXimum visibility. MAX 100 
featijres a big, bright 0.6" multip exed 
8-d;gitLED display, with lead r>- - 

zerc blankirg. So you don't have to 
squ nt, or work up close. And, tv AX's 
flip -up stand is built-in. 

MAXimum flexibility. MAX -1.00 
operates from fourpower_sources, for 
use in lab or field. Internal alkaline of 
NiCad batteries. 110 or 220V with 
cha-geirfeliminator. 12V with auto- 
mobile cigarette -lighter adapter/ 
chager. And external 72-10Vsupply 

MAXimum value: With all its 
impiressive specs, you'd expect MAX 
to cost a lot more than a lcw 51 34.95, 
complete with clip -lead cable and 
applications/instruction manual. But 
that's another nice thing about vIAX: 
though it's accurate enojgh forlab 
use. it's well within the reach of -rob-. 

byists' and CB-ers' budgets. 
Order today. Call 203-62z:-3103 

(East Coast) or 415-421-8872 iWest 
Coast): 9 a.m.-5 p.m. localtime. Major 
crecit cards accepted. Or see your 
CSC dealer. Prices slightly higher 
outside USA. 

_ 

CorUrentel Specialues Corporaion -. 

_ 

pv; 
%%01;000 

_ . 

Specifications. - 

Range: 20 It to 100 MHz, guaranteed. 
Gatetime: 1 sec Resolution: 1 Hz. Ac- 

:curacy: ± 1 count + time baseernr. Input 
Impe:ance:1 M SL/56 pF. Coupling: AC. Sine 
Wave Sensitivity: 30 mVHMS 5C, MHz. In- 
ternal Time Base Frequency: 3-579546 MHz 
crysta`osc. Setability: ± 3 ppn ®25'C. 
Temp -Stability: Better than 0 2 ppm/°C, 
0-50T. Max.:Agingi: 10 pplmyear.-Display: 
Eight:3" LED digits; anti -glare window. Lead - 
zero blanking: decimal point appears between 
6th amd 7th digit when input exceed -31 MHz 
Overflow wth signals over 99,999 9e9 Hz 
most sjgnifia.nt 'Jett hand) digit flashes, all7w- 
ing readings in excess of 100 MHz Display 
update: 1/6-3ecand plus 1 sec -gate time. Low 
Battery Indicator: When powersvoply calls 
below 6.6 VDC, allí digits flash @ 1 Hz rate. 
Flashing display extends batter/lire. Power: 6 
AA Alkaline or NiCadicells (intend); External: 
110 or220/VSC Eliminator/changer; Auto ciga- 
rette lighter adapter; 7.2-i 0VDCext:supply; 
Bat. Charging: 12--4hr. Size {1HWD):1.75"x 
5.63"x 7.75" 14.45 x-14.30 x 1961 an.) 
Weight: Less than 1.5 lb. (0.6Bk1) w.batteries. 
Accessories Included: CI,p-lead inFütcable; 
mart l. 

CONTNENTAL SFEC.ALTIES,CORPORATION 

'70 Fulk:n Terrac&, Bcx 1942, New HavEi Cf 61(19 
203-62'-3103 T W X -MO-465-1227 - 
WEST COAST: 351 California St., San Franc:son CA 94104, 
415-421-8872 1WX 910-372.7992 
GREAT BRITAINt CSC UK LTD. 

Spur Finad, Nortr Fel:ham Trading Estate, 
Feltharm, Middlesex, England. 
01-89C-0782 In:1 Telex: 651-861-3659 - 

CANADA: Len Finkle Ltd : Ontzric 
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DARK -ROOM TIMER 

TEST REPORTS: 
Realistic Optimus 10 
Speaker System 

Pioneer of America Car 
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Cover Art by George Kelvin 

POPULAR ELECTRONICS, July 1978, Volume 
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Avenue, New York, NY 10016. One year subscrip- 
tion rate for U.S. and Possessions, $13.00; Cana- 
da, 516.00; all other countries, 818.00 (cash or- 
ders only, payable in U.S. currency). Second Class 
postage paid at New York, NY and at additional 
mailing offices. Authorized as second class mail by 
the Post Office Department, Ottawa, Canada, and 
for payment of postage in cash. 

POPULAR ELECTRONICS including ELECTRON- 
ICS WORLD, Trade Mark Registered. Indexed in 
the Reader's Guide to Periodical Literature. 

COPYRIGHT a 1978 BY ZIFF-DAVIS PUBLISH- 
ING COMPANY. ALL RIGHTS RESERVED. 

Ziff -Davis also publishes Boating, Car and Driv- 
er, Cycle, Flying, Popular Photography, Skiing, 
Stereo Review, Electronic Experimenter's Hand- 
book, Tape Recording 8 Buying Guide, Stereo Di- 
rectory 8 Buying Guide, and Communications 
Handbook. 

Material in this publication may not be repro- 
duced in any form without permission. Requests 
for permission should be directed to Jerry 
Schneider, Rights and Permissions, Ziff -Davis 
Publishing Co., One Park Ave., New York, NY 
10016. 

Editorial correspondence: POPULAR ELEC- 
TRONICS, 1 Park Ave., New York, NY 10016. Edi- 
torial contributions must be accompanied by re- 
turn postage and will be handled with reasonable 
care; however. publisher assumes no responsi- 
bility for return or safety of manuscripts, art work, 
or models. 

Forms 3579 and ail subscription corre- 
spondence: POPULAR ELECTRONICS, 
Circulation Dept., P.O. Box 2774, Boulder, 
CO 80302. Please allow at least eight weeks 
for change of address. Include your old ad- 
dress, enclosing, if possible, an address label 
from a recent issue. 

The publisher has no knowledge of any 
proprietary rights which will be violated by the 
making or using of any items disclosed in this 
issue. 
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.115 Editorial 

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 I 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? I 

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 -alertness training holds for the Japanese is un- 

derscored by the abacus instruction giver) every year to some two million elemen- 
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, 11/2 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 11/2 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. 

4 POPULAR ELECTRONICS 
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Design of Digital Systems - six 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 microprocess- 
ing as well as personal computing - not to 
mention all the other aspects of digital 
electronics design. 

ADVANCED COURSE 
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 114" x 8'/a" 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- 
jcal forms; logic conventions; Karnaugh map- 
ping; three -state and wired logic. 

Also available at leading computer stores: 
Computer Mart of New York, 118 Madison Ave.. New York, NY. 
Erie Computer Co., 1253 West 8th St., Erie, PA. 
Interactive Computers, 76464 Dashwood, Houston, TX. 
Interactive Computers. 16440 El Camino Real. Houston. TX. 
Interactive Computers. 217 W. San Francisco. Sante Fe, NM. 
Readout Computer Stores, 6 ~spear Ave.. Buttalo. NY. 
Imperial Computer Systems. Inc.. 2105 23rd Ave., Rockford. IL. 
Home Computer Center. 6101 Yonge St.. Willowdale, Ontario. Canada 
end many others. Ask your dealer. 

Personal Computers 
& Microprocessing 
Here are two inexpensive programmed 
learning courses designed to keep 
you up-to-date in digital electronics. 

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 COURSE 

Digital Computer. 
Logic and 
Eledronscs 
Zook 1. .. 

Digital Computer 
Locgic and 
Eledronics 
Book 3 

o 

,Digital Computer 
1-09ic and 
Eledroi*s 

, Digital `over 
Electronics 

a...:.,s.11 Gans 

Iook4,. 

' 

Digital Computer Logic & Electronics 

6 
JK- 

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 volurmes- 
each 11'/2" x 8'/4"-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. 

NO RISK GUARANTEE 
There's absolutely no risk to you. If 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 S10; Europe $15; Africa, South 
America S20; Australia, Asia $25; or write 
for exact quote 

Write for educational discounts, quantity 
discounts and dealer costs. 

LOW PRICES - SAVE S5 

We ship promptly from stock. There are 
no extras-we pay all shipping costs; we even 
pay your 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) 
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Letters 
"ROADMATE" REVISITED 

With reference to the "Roadmate" CB con- 
verter featured in the October 1976 issue of 
POPULAR ELECTRONICS, an r -f signal can leak 
from the antenna through Cl, 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 R6 
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 Neil Simon looks very odd. 
The author of "Feelin' Groovy" is Paul 
Simon. -Donald L. Wallace, Dayton, OH. 

UFO RESEARCHER 

Having researched the UFO (unidentified 
flying object) controversy for the past 21 

years, I read with interest "Investigating 
UFO's and Other Magnetic Phenomena" 
(May 1978). I 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 I 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. 

ELF USER'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, 
Box 7162, Los Angeles, CA 90022. 

A COMPONENT CHANGE 

With reference to the "Real -Time f - 
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 1C36. 
This particular IC has been discontinued. The 
new part number is TL4441CN. 

Also, Table I in the article had two errors in 
it. The filter capacitors should be labelled C8 
and C28 (not C9 and C29) and should be 
0.068 µF (not 0.047-µF). -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 II ROM Monitor" (March 1978) the 
connection to pin 17 of a 2102 in Fig. 1 

should be to a 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 µF-not 8000 pF. 

A P=BROUGHT YOU ÓLDELESS' BREADBOARDING: 
NOW WE'VE ADDED -POWER. 

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

,r..... iri 

21°._ - -- - 

MODEL #103 
S124.95 

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

Faster and Easier is what we're all about. 
A P PRODUCTS INCORPORATED 
Box 110. 72 Corwin Drive, Painésville OH 44077 
(216) 354-2101 TWX: 810-425-2250 

- 

MODEL #101 $84.95 

---,- cxs 
0,1 

-s.,-:.111111 :. ._.. . 

MODEL #102° 
5714.95 
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Popnlar Electronics eprintt 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 Phone Cartridge 
40878*Pickering Model XV -151625E 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 681 EEE Stereo Phono Cartridge 
40887 Teac Model PC -10 Portable Stereo Cassette Deck 
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 Mobile AM/SSB CB Transceiver 

TEST INSTRUMENTS 
40928*B&K-Precision Model 280 Digital Multimeter 
40929* B&K-Precision Model 1471B Dual -Trace Scope 
40930*Ballantine Model 101 OA 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. I.:78 
P. O. Box 276, Pratt Station 
Brooklyn, New York 11205 

Please send the reprints listed. 

NUMBER OF REPRINTS ORDERED: 
@752_ __ @$1.00 -@$1.50 _ 

TOTAL ENCLOSED $ - 
(MINIMUM ORDER $3.00) 

Reprint = Ouan Reprint = Ouan. Print Name 

Address 

City 

State Zip 

*Residents of CA, CO, DC, FL, IL, MI, MO, NY STATE, TX, 
and VT add applicable sales tax. Outside U.S.A. add $1.00 
per order. 
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New Products 
Additional information on new products 
covered in this section is available from 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 (Is to 
1.5 s, 5x magnifier, automatic selection of 
chopped or alternate display modes, and 
automatic TV line 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 is 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 Vs" gap with a 544" 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 -adjustable 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 

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 11 A out, and is protected 
against short circuits. Dimensions are 611 
x93%4x 31/ in. (16.5 x 24.8 x 8.3 cm). $80. 

CIRCLE NO. 91 ON FREE INFORMATION CARD 

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 

im? 
. 

TN®AOOW 

o 

light 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. 89 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 

possible combinations; wrong digits disa- 
ble the system for 30 to 60 seconds. The 
lock is guaranteed to operate from -50° to 
150°F., and requires only two low -voltage 
wires and two screws for its installation. 
S19.95. Address: Domino Engineering 
Corp., Box 376, Taylorville, IL 62568. 

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 

TEAC 

611 , 6 

lr ll I + s a. 

33/4 and 711 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 lb (3.9 kg). 
$249. 

CIRCLE NO. 86 ON FREE INFORMATION CARO 

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 41.9 x 

41.3 cm). $499. 

CIRCLE NO. 85 ON FREE INFORMATION CARD 

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.$115. 

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 - 

r 

lus overhang. A "Hall -effect" servo -con- 
trolled dc motor drives the 2.4 -lb (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 solder and a 

D5 Desolder Wick Dispenser Tool 

wtC711, 

snapped into the core of the solder spool. 
The D5 features a 211" 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 Ill 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- 

_ 

03,1. I f,-- 

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-909 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, 
multipath detector terminals, and a "birdie" 

(Continued on page 12) 
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Component 
One -Stop urn-pak Center 

electronic components AUTHORIZED DEALERS 
ALABAMA 
Mobile 
ALASKA 
Anchorage 
AR IZONA 
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 

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. 

Heath kit Electronic Center 
The Radio Place 

Zackit 
Inland Computer 

& Electronics 
J & H Outlet Store 

San Diego Radio Shack A.S.C. Mira Mesa 
San Fernando San Fernando Electronics 
San Francisco Zack Electronics 
San Francisco Zenith Distributing Corp. 
San Jose Quement Electronics 
San Luis Obispo Mid -State Electronic Supply 
Santa Cruz Santa Cruz Electronics 
Santa Monica Mission Control 
Sunnyvale Sunnyvale Electronics 
Torrance SE Electronics 
Vallejo Zackit 
Van Nuys Thrifty Electronics Supply 
Ventura Lombard's Electronics Inc. 
Walnut Creek Byte Shop of Walnut Creek 
Westminster JK Electronics 
COLORADO 
Aurora Corn Co Electronics 
Steamboat Springs Norm's TV 

& Electronics 
CONNECTICUT 
Bridgeport Bridgeport Computer 
FLORIDA 
Ft. Lauderdale Computers For You 
Gainesville Lafayette Radio 
Lakeland Lakeland Specialty Electronics 
Orlando Altair Computer Center 
Tampa AMF Electronics 
Tampa Microcomputer Systems 
GEORGIA 
Atlanta Atlanta Computer Mart 
HAWAII 
Aiea Delcoms Hawaii 
Honolulu Integrated Circuit Supply 
IDAHO 
Idaho Falls Audiotronics 
ILLINOIS 
Carbondale Lafayette Radio 
Evanston Itty Bitty Machine Co. 
Evanston Tri-State Electronic Corp. 
Granite City Computer Systems Center 
Groveland Moyer Electronics 
Mount Prospect Tri-State Electronic Corp. 
Niles Computer Land 
Oak Park Spectronics Inc. 
Rock ford Imperial Computer Systems 
Schaumburg Data Domain 
INDIANA 
East Chicago Acro Electronics Corp. 
Hammond Quantum Computer Works 
IOWA 
Clinton Bridge Elec. Computer Center 
Indianola Electronix Limited 
KANSAS 
Kansas City Electronic Surplus Sales 

KANSAS (Continued) 
Manhattan Communications Specialties 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 
Everything Electronic 

J & M Electronics 
Computer Workshop 

Computers Etc. 
Baynesville Electronic Inc. 

Computers Etc. 

Baltimore 
La Vale 
Rockville 
Silver Spring 
Towson 
Towson 
MASSACHUSETTS 
Medford Tufts Electronics 
North Adams Electronics Supply Center 
Waltham Computer Mart Inc. 
Worcester RM Electronics Inc. 
MICHIGAN 
Ann Arbor Airway Electronic Communications 

Hobby Electronic Center 
Micro Computer World 

Fulton Radio Supply Co. 
The Computer Store 

Flint 
Grand Rapids 
Lansing 
Mt. Clemens 

Component tente. 

MINNESOTA 
Duluth 
Eagan 
MISSOURI 
El Dorado Springs 
Park ville 

MONTANA 
Billings 
NEBRASKA 
Lincoln 
North Platte 
Omaha 
NEVADA 
Las Vegas 
NEW JERSEY 
Bayville A.R.S. Communications Services 
Brick town Radio Shack Associate Store 
Cherry Hill The Computer Emporium 

Northwest Radio of Duluth 
Computer Room Inc. 

Beckman Electronics 
Computer Workshop 

of Kansas City 

Conley Radio Supply 

Altair Computer Center 
Scott Radio Supply Corp. 

Omaha Computer Store 

Century 23 

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 

NEW YORK (Continued) 
Rensselaer Corn -Tech Electronics 

2001 Microsystems 
Trojan Electronics 

The Computer Corner 
Hirsch Sales Co. 

Rochester 
Troy 
White Plains 
Williamsville 
NORTH CAROLINA 
Durham 
Greensboro 
Raleigh 
OHIO 
Bucyrus 
Cincinnati 
Columbus 
Dayton 
Reynoldsburg 
OKLAHOMA 
Guymon 
Oklahoma City 
Tulsa 
OREGON 
Beaverton 
Coos Bay 
Ontario 
Salem 
PENNSYLVANIA 
Drexel Hill Kass Electronic Distributors 
Erie Warren Radio 
Hershey Microcomputer Systems Inc. 
Murraysville Computer Workshop 

of Pittsburgh 
Phoenixville Stevens Electronics 
Pittsburgh Tydings Company 
Wilkesbare Hemline Electronics 
RHODE ISLAND 
Cranston 
Pawtucket 
SOUTH CAROLINA 
North Charleston 
TENNESSEE 
Clarksville 
Knoxville 
Memphis 
Memphis 
Oak Ridge 
TEXAS 
Amarillo 
Dallas 
Houston 
Houston 
San Antonio 
UTAH 
Provo 
VIRGINIA 
Alexandria 
Alexandria 
Charlottesville 
Hampton 
Richmond 
Springfield 

Future world 
Byte Shop 

Byte Shop of Raleigh 

Mead Electronics 
Digital Design 

Heathkit Electronic Center 
Altair Computer Cen ter 

Universal Amateur Radio 

Sound Service 
Bits, Bytes & Micros 

High Technology 

Altair Computer Center 
Herrick Electronix 
Miller Electronics 

Computer Pathways 

Jabbour Electronics City 
Jabbour Electronics City 

Technical Services Inc. 

Masstronics 
Byte Shop 

Bluff City Electronics 
Sere -Rose & Spencer Electronics 

Computer Denn 

Computer Encounters Inc. 
CompuShop 

Altair Computer Center 
Interactive Computers 

Sherman Electronics Supply Inc. 

Virginia Beach 
WASHINGTON 
Bellevue Altair Computer Center 
Longview Progress Electronics 
Pasco Riverview Electronics 
Seattle C-Com 
Seattle Empire Electronics 
Spokane Personal Computers 
WEST VIRGINIA 
Morgantown The Computer Corner 
Morgantown Electro Distributing Co. 
Ripley Thompson's Radio Shack 

Alpine Electronic Supply Co. 

CANADA 
Alberta 
Ontario 
Quebec 

Computer Hardware Store 
Computers Plus Inc. 

Lafayette Electronics 
Lafayette Radio 

Computers -To -Go 
Computer Workshop 

of North Virginia 
Heathkit Electronic Center 

The Computer Shop 
Home Computer Centre 

Wang's Microcenter 

PANAMA 
Panama City Electrotecnia S.A. 
Panama City Sonitel, S.A. 

FRANCE 
Paris Computer Boutique 

SINGAPORE Inter -Trade (PTE) Ltd. 

SEE YOUR LOCAL Je^ DEALER TODAY! 
For Dealer Information, write or phone JIM-PAK® 1021 Howard Ave., San Carlos, California 94070 (415) 592-8097 
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NEW VERSATILITY ADDED 

Xce i totc 

service 

Illasier Kits 
4 

all the electronic 
service tools you need 

99% of the time 
Model 99SMW adds new dimensions to 
the serviceability of Xcelite's famous and 
still available 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 Weller WP25 
professional, pencil -style soldering iron 
with an extra, wider tip, and a No. 100 
wire stripper/cutter. These plus the tra- 
ditional 99SM tools that thousands of 
servicemen and technicians have liked 
so much so long: 20 Xcelite Series 
99 quick -change, interchangeable blade 
tools -popular size nutdrivers: slotted 
and Phillips type screwdrivers, exten- 

I sion, reamer, regular and stubby handles; 
diagonal and long nose pliers; thin - 
pattern, adjustable wrench. The handiest 
handful of service tools you've ever laid 
your hands on! 

in stock at leading electronic 
distributors ... nationwide 

41 
COOPER 

TheCooperGroup 
Electronics Division 

WELLER" WISs XCELITE" 

filter. Controls include SCAN UP, SCAN 

DOWN, MEMORY, and MUTING. The tuner's 
specifications are: usable sensitivity of 9.8 
dBf (1.7 µV) mono, 17.2 dBf (4 µV) 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 -channel AM/SSB base 
station CB transceiver. It features LED nu- 
meric channel display and a built-in digital 

(d, 
- !, 

clock. AM and SSB sensitivity is reported 
as 0.7 and 0.3 µV at 10 dB (S + N)/N, re- 
spectively. Selectivity is 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 and 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 (14.9 x 

40.0 x 28.9 cm). $549.95. 

CIRCLE N0. 97 ON FREE INFORMATION CARD 

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 level 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" 
(4.6 x 10.9 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. 

Jensen Spectrum 
Series Loudspeakers 
The Spectrum Series is a new line of home 
stereo speakers from Jensen Sound Labo- 
ratories, headed by the top -of -the -line 550. 
The 550 features a 15" woofer with poly- 
urethane foam suspension, two 311" direct - 
radiating mid -range drivers, and a 111" My - 
lar dome tweeter. Frequency response is 
45-20,000 Hz ±3 dB, and recommended 

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 blind 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 INFORMATION 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 lost. 
The 400-D display consists of a 311 -digit 
LCD readout, back -lighted for night opera- 
tion. $349.95. 

. U 9VX (26 APEX, NORTH CAROLINA 27502. 919/362-7511 
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Radio Shack's personal computer system? 
This ad just might make you a believer. 

You can't beat 
the 4K system at 

$599 

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

$899 

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

$1198 

...or the Level -II 
16K/printer/disk 

system at 

$2385 

, leidE :_ --. t 

'"--15.1", 
. 

TRS-80 "Breakthru" 
TRS-80 microcomputer 
12" vídeo display 
Professional keyboard 
Power supply 
Cassette tape recorder 
4K RAM, Level -I BASIC 
232 -page manual 
2 game cassettes 

.---- I 
= 

-04~111&53__- 

Q 

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

TRS-80 "Educator" 
Above, except 
includes 4K RAM and 
screen printer 

- 1- 
- - 

. 

-. 

TRS-80 "Professional" 
Above, except 
includes 16K RAM, 
disk drive, expansion 
interface, and 
Level -II BASIC 

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

...The amazing new 
32K/Level-11/2-disk/ 

line printer system at 

$3874 
t 

" 
I°V w r' 
t 

TRS-80 "Business" 
Above, except 
includes 32K RAM, 
line printer, 
and two disk drives 

Get details and order now at Radio Shack stores and dealers in the USA, Canada, IJK, Australia, Belgium, Holland, France, Japan. 

Write Radio Shack, Division of Tandy Corporation, Dept. C-053, 1400 One Tandy Center, Fort Worth, Texas 76102. Ask for Catalog TRS-80. 

Prices May Vary at Individual Stores and Dealers 

Radie IhaeK 
The biggest name in little computers 
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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 - 

L 

LEa ESN 

SM/f 

KIT #FC-50 C 

KITNPSL-650 

NEW LSI TECHNOLOGY 

FREQUENCY COUNTER 
TAKE ADVANTAGE OF THIS NEW STATE-OF-THE-ART 

COUNTER FEATURING THE MANY BENEFITS OF 
CUSTOM LSI CIRCUITRY. 

j=SALS i 
SfL Slf 

A -` o 
. 

'. 
,' L 0 

'( 

FEATURES AND SPECIFICATIONS: 
DISPLAY: F RED LED DIGITS .41- CHARACTER HEIGHT 
GATE TIMES: 1 SECOND AND 1/10 SECOND 
PRESCALER WILL FIT INSIDE COUNTER CABINET 
RESOLUTION: 1 HZ AT 1 SECOND. 10 HZ AT 1110 SECOND. 
FREQUENCY RANGE: 10 HZ TO 50 MHZ. 165 MHZ TYPICAL'. 
SENSITIVITY: 10 NOV ROAS TO 50 MHZ, 20 MV RMS TO EU MHZ TYP. 
INPUT IMPEDANCE. I MEGONM AND 20 Pr. 

'DIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION.' 
ACCURACY: 1 PPM I' .00011SLAFTER CALIARATION TYPICAL. 
ST AAILITY: WITHIN 1 PPM PER HOUR AFTER WARM UP 1.001% %TALI 
IC PACKAGE COUNT: e[ALL SOCKETED' 
INTERNAL POWER SUPPLY: 5 V DC REGULATED. 

PUT POWER REQUIRED: s-12 VDC OR 115 VAC AT 50/60 HZ. 
COWER CONSUMPTION: ! WATTS 

KIT ,FC-50C IS COMPLETE WITH PREDRILLED CHASSIS ALL HARDWARE AND STEP.BY.STEP INSTRUCTIONS. 
WIRED A TESTED UNITS ARE CALIBRATED AND GUARANTEED. 

511095_ 
60 MHZ COUNTER WITH CABINET te P.S... 

650 MHZ PRESCALER [NOT SHOWN( 29.95 
MODEL #FC-50WT 60 MHZ COUNTER WIRED, TESTED d CAL. 165.95 
MODEL #FC-50/600WT.. 600 MHZ COUNTER WIRED, TESTED & CAL. 199.95 

AUTO BURGLAR 
ALARM KIT 
AN EASY 10 ASSEMBLE AND EASY TO INSTALL 
ALARM PROVIDING MANY FEATURES NOT 
NORMALLY FOUND KEYLESS ALARM HAS 
PROVISION FOR POS E GROUNDING 
SWITCHES OR SENSORS WILL PULSE MORN 

RELAY AT IMZ RATE OR DRIVE SIREN NIT 
PROVIDES PROGRAMMABLE TIME DELAYS 
FOR EXIT. ENTRY E ALARM PERIOD UNIT 
MOUNTS UNDER DASH . REMOTE SWITCH 
CAN RE MOUNTED WHERE DESIRED CMOS 
RELIABILITY RESISTS FALSE ALARMS L 
PROVIDES FOR ULTRA DEPENDABLE ALARM 
DO NO1 BE FOOLED BY LOW PRICES' THIS IS A 
TOP OUALITY COMPLETE KIT MEN A. PARTS 
INCLUDING DETAILED DRAWINGS AND IN 
STRUCTIONS OR AVAILABLE WIRER AND 
TESTED 

SEE THE WORKS Clock Klt 
Clear Plexiglas Stand 

6Big .4" digits 
' 12 or 24 hr. time 

3 set switches , Plug transformer .ªa parts included 

F Plexiglas Is 
Pre-cut & drilled 

Kit 11850-4 C P 

Size: 6"H,4 "W.3-0 

' VARIABLE REGULATED. 
1 AMP 

POWER SUPPLY KIT 
VARIABLE FROM 4 to tAV 
SHORT CIRCUIT PROOF 
723 IC REGULATOR 
2N3055 PASS TRANSISTOR 
CURRENT LIMITING AT T AmIi 

KIT IS COMPLETE INCLUDING 
DRILLED & SOLDER PLATED 
FIBERGLASS PC BOARD AND 
ALL PARTS ILess TRANS. 
FORMER' KIT BPS-01 SAPS 
TRANSFORMER 24V CT will 
pr0Y1Se 300MA al 120 aOd 
1 Amp al 5V. 03.50 

#ALR-1 WT 
WIRED & $19.95 
TESTED 

o 

%Z 3508. 

Assembled 

$2985 

Fairchild Super Digit 
FND-359 

4r" Cw. Ht. 
7 segment LED 
RED Can. Cata. 

Direct pia 
replacement for 

E»WMlar END -70. 

951' ea, 10/$8.50 

SET OF 6 FND-359 
WITH MULTIPLEX 
PC BOARD $6.95 

60 HZ. 
XTAL TIME BASE 

Will enable 
Digital Clock Kits 
or Clock -Calendar 
Kits to operate 
from 12V DC. 
1"x2 -PC Board 

Complete Kit $495 

PLEXIGLAS 

Power Req: 5-15V 
(2.5 MA. TYP.) 
Easy 3 wire hookup , 

Accuracy: 2PPM 

11 1-6-1 (Adjustable) 

Wir & Cal 59.95 

CABINETS 
Great for Clocks or any LED 
Digital project. Clear -Red 
Chassis serves as Bezel to 
Increase contrast of digital 

ABINET I displays. 

3"H,6Y."W,5%"D Black, White or .11 

CABINET II Clear Cover 

214"H,5"W,4"D $6.50 ea. 

RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS - 
3"x6"x1l8" 956 ea. 4/9 

'I'OTj"E'Í'I CLOCK 
12128 

NR 1! 
! 

MODEL 12 VOLT AC or 
52001 DC POWERED 

EJUMBO .A-AED LEO'S BEHIND RED FILTER LENS WITH CHROME RIM 
SET TIME FROM FRONT VIA HIDDEN SWITCHES 12/2A.Hr. TIME FORMAT 
STYLISH CHARCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTIC 
BRIDGE POWER INPUT CIRCUITRY TWO WIRE NO POLARITY HOOKUP' 
OPTIONAL CONNECTION TO BLANK DISPLAY [Use When E. 011 In Car, EM.I 

TOP DUALITY PC BOARDS L COMPONENTS . INSTRUCTIONS. 
MOUNTING BRACKET INCLUDED 

KIT WWI 
COMPLETE KIT '271',!1,111. 2595 :.°v.°L260 ` 

Ba. 
P 

eAt.l 
vl ASSEMBLED UNITS WIRED L TESTED 95 
. ORDER ,2001 WT ¡LESS AV. BATTERY' *3795 

MBgE'35BB. 

OPTOELECTRONICS, INC. 

FOR SHIPPING, TO USA & CANADA ADD 5PHONE 

(305) 771-2050/ 771-2051 1ORDERS stercha9r, 

R/ 
HANDLING & INSURANCE. ALL OTHERS ADD 10%. 
ADDITIONAL 51.00 CHARGE FOR ORDERS UNDER 
$15.00 - COD FEE 51.00. FLA. RES. ADD 4% TAX. 

CIRCLE N0. 33 ON FREE INFORMATION CARO 

5821 N.E. 14TH AVE. 
FORT LAUDERDALE, FLA. 33334 

BAHkAMERICARO 

M11,YYAY 11'iI 

elude the Astroscan 2001, the 6 -in. f/6 and 
the 8 -in. f/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: Continental 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, MI 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. 
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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, Midland 
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 

to the needs and wants 
of serious CBers. 

In the words of C. W. 
McCall, America's Number 1 

CBer: "Do 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- 
PrecisionTM Tuning. 

Midland SSB 
Midland pays Run with Numberl . 

4f . 

OFF 

{7f 

® m NB 

OFFS OAtte MODEL 79-900 

TONE d 
Hi - BRRE a. 

OFF LOW DIM 1 

1 G ARP Y 
L50 

M1 ID LAN- CO® C'B 
A member of tie Beneficial Corporation Family. 

CHANN1aL SELECTOR 
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Learn to service Communications/CB 

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 you need to perform most 
servicing work, or your tuition will 
be refunded in full. This money -back 

.--""4"- 

:. v 

Some designed -for -learning equipment you get. 

ti 
r- 

, .. 

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

Learn on your own 2 -meter, 
digitally synthesized 

VHF transceiver. 
You'll learn to service all types 

of communications equipment as you 
assemble your 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 
your own electronics Discovery Lab,' 

iete 

-". tet 5 

-_ _ 

antenna applications lab, CMOS digi- 
tal frequency counter, and an optical 
transmission system. You'll learn at 
home, at your own convenience, 
earning your FCC license and the 
preparation you need for the com- 
munications field of your choice. 
Mail the postage -paid card today. 
TMTrademark McGraw Hill. 

CB specialist course 
also offered. 

If you prefer, you 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 your 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 you to test and service communi- 
cations equipment. 

16 POPULAR ELECTRONICS 
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equipment at home... 

Co mmuni ions Course. 
Or get into 

TV and audio servicing 
NRI can train you at home to 

service TV equipment and audio sys- 

tems. Choose from five courses that 
go 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 

. 

'f' 

/ 
1 o1 -p 

"Power -On" training makes it real. 

Send card for free catalog. 

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- 

t tronics ... and NRI 

trains you at home 
on the real thing. 

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. 

.a'a..v . 

`l` 
. 

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 toward 

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 NM. 

NRI employs no salesman, pays 

no commissions. We pass the savings 

on to you in reduced tuition, top- 

quality professional equipment, and 
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: 

NRI 

11:111 
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NRI SCHOOLS 
McGraw Hill Center 

for Continuing Education 
3939 Wisconsin Avenue 

Washington, D.C. 20016 
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Stereo Scene 

POWER SUPPLIES AND OTHER REVELATIONS 

SUDDENLY an enormous amount of 
attention is being paid to power sup- 

plies in audio amplifiers. To quote from a 
technical manual of a major Japanese 
manufacturer: "It may fairly be said that 
the most important thing in audio amplifi- 
er designing is the power supply circuit 
as a source of energy, because the fun- 
damental function required from amplifi- 
ers is to drive speakers." 

The same manual goes on to describe 
the "ideal" characteristics of a power 
supply: "(1) Low output impedance; (2) 
Good transient response; (3) Huge pow- 
er capacity and stable energy supply." 
This appears to make good sense. 

Some time ago, I wrote in this space 
about a modification to the Dynaco 
Stereo 400 that would make it a "super" 
amplifier. Much of the modification in- 
volved augmenting the power supply (to 
the tune of several hundred thousands 
of microfarads) to improve the amplifi- 
er's "audible" characteristics. At that 
time I was enthusiastic about the differ- 
ence (created by Frank Van Alstine of 
the company of the same name) that I 

heard between the modified and un- 
modified versions of what was basically 
the same amplifier. I still am. So is Dyna- 
co, to judge by the emergence of the 
new 416 amplifier with its add-on option 
of zillions of microfarads that can be pur- 
chased in a very attractive package, 
plugged into the supply rails of the 416, 
and set on top of the amplifier to create a 

convenient and reasonably compact 
duo. And I truly believe it does. 

How Does It Work? To observe the 
difference between an augmented and 
unaugmented power supply you merely 
connect a voltmeter across the supply 
rails of your amplifier and see (and per- 
haps hear) what happens as it's playing 
a record or tape. Does the voltage go up 
and down? Often it will, and presumably 
that's not good. Several amplifier manu- 

By Ralph Hodges 

facturers have begun using the term 
"dynamic crosstalk" to describe a condi- 
tion (in an amplifier utilizing a single 
power supply) in which the demands 
made upon one channel will effectively 
modulate the output of the other chan- 
nel, because the power supply feeding 
both is pumping up and down. You car 
eliminate dynamic crosstalk-if its pos- 
sibility concerns you-by building sepa- 
rate and well -shielded power supplies 
for each channel, or by designing a pow- 
er supply that refuses to quit under any 
conditions of current drain. 

Separate power supplies have been 
cropping up in astonishing numbers re- 
cently. But anyone who has ever hefted 
a power transformer for a truly big audic 
amplifier knows that duplicating it (foi 
the second, third, or even fourth chan- 
nel) is not especially cost effective. 
Reverting to a single supply and adding 
umpteen filter capacitors can evidently 
help to an extent. But note that these ca- 
pacitors, although they weigh very little, 
occupy a great deal of space. It takes a 

lot of capacitors to make any significant 
difference in the performance of a power 
supply, and this probably accounts for 
various manufacturers' policies of offer- 

L_ - 
h 

- 

Fig. 1. Top trace is voltage 
variation of switching supply 
while playing music. Bottom is 
regular supply with same music. 

ing additional filter capacitors as add-on 
rather than as built-in facilities. 

Enter the presumed great hope of the 
future: the switching power supply. This 
concept reportedly comes to us fresh 
from the world of the computer, and if it's 
a little surprising that it's barely reached 
into the realm of audio applications be- 
fore now, it seems the possible deluge is 
finally at hand. 

The switching power supply is a 
high -frequency device, operating typi- 
cally at a frequency between 20,000 and 
35,000 Hz. For such frequencies a 
transformer can be quite efficient and 
compact. Furthermore, it would stand to 
reason that the storage capacitors, be- 
ing charged at such a high rate, would 
not need to incorporate the "extra" ca- 
pacitance generally required by a high - 
power amplifier with a 60 -Hz supply. If 

the above suggests the possibility of an 
unusually small and lightweight assem- 
bly, you're on the right track. Recently I 

was shown a supply for a power amplifi- 
er worth 120 watts per channel into 8 
ohms (and 240 watts per channel-an 
honest doubling!-into 4 ohms) that a 

group of schoolchildren could have ef- 
fortlessly played catch with. And yet this 
supply exhibited almost no variation un- 
der music -playback conditions that had 
a conventional supply's voltages pump- 
ing up and down vigorously. (Fig. 1.) 

The power amplifier was the M-7070, 
a new product from JVC; and by the time 
you read this, Sony will have announced 
two integrated amplifiers with switching 
supplies to the U.S. market. Block dia- 
grams for the two designs are shown in 
Figs. 2 and 3. Note that in both cases 
some form of feedback is used to regu- 
late voltages and-in JVC's case-to 
lower output impedance. 

From all indications American manu- 
facturers are hot on the heels of the 
overseas companies, although they are 
not necessarily in agreement as to the 
proper goals of power -supply design. At 
least one is unconcerned about main- 
taining tightly regulated supply voltages 
as long as the necessary voltages are 
there when called for. And the speed 
(transient response?) of a switching 
supply should enable extremes of the 
musical waveform to be "tracked" easily 
as they occur. At other times the supply 
will "stand down" in a much more effi- 
cient mode of operation. 

A Head That's Finally Together? 
The latest evolution in the Nakamichi 
600 Series of two -head cassette decks 
has a feature that's a little breathtaking: 
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the XSV/3000 is the source of 
perfection in stereo sound! 

Three big features ...all Pickering innovations 
over the past 10 years ... have made it happen. 

1976: Stereohedron° This patented Stylus tip assures 
super traceAbilityTM, and its larger bearing radius offers the 
least record wear and longest stylus life so far achievable. 

1975: High Energy Rare Earth Magnet 
Another Pickering innovation, enabling complete 

miniaturization of the 
stylus assembly and tip 
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1968: Dustamatic° Brush 
This Pickering patented 
invention dynamically stabilizes 

the cartridge -arm system by damp- 
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3. Damping effect on tonearm resonance 

ing low frequency resonance. It improves low frequency tracking 
while playing irregular or warped records. Best of all, it provides 

record protection by cleaning in front of the stylus. 

For further information write to Pickering & Co., Inc., 
Dept. PE 101 Sunnyside Blvd., Plainview, N.Y. 11803 PICKERING 
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Fig. 2. JVC calls 
its switching 

supply D.P.S. 
or Digital 

Power Supply. 
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CLOCK PULSE WIDTH ERROR 
OSCILLATOR MODULATOR AMPLIFIER 

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 (if 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. 

I 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 dealt on several 
past occasions. (If you recall, the propo- 

PRIMARY 
RECTIFIER 

FILTER 

sitibn 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 I 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 
on will almost completely disappear in 

CHOPPER 
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MODULATOR 

r11111.1 
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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 fiddling 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- 
if 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 
reports from the field. O 

SECONDARY 
RECTIFIER 

SHEELDED CASE 

Fig. 3. Block 
diagram of Sony 
supply. Note 
feedback derived 
from primary 
of transformer. 
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- Introducing Panasonic's Command Series top -of- circuitry, Panasonic's RF-48O0 es you all these 
-- the -line RF-4800. Everything you want in short wawé - sophisticated controls. Like an all -gear -drive tuning 

Except the price. Like a five -digit LED frequency control to prevent "backlash!' Separate widefntarrow 
for optin-um reception even in 
crowded corndi:ions. Adjustable 
calibration Fo- easy_tunirng to 
exact frequencies. A BFO pitch 
control. RF-gain contról for 
increased selectivity in busy 
signal areas. An ANL switch. Even 
separate bass and treb e<controls. 

And if all That short waive isn't 
enough. There's mare. Like SSB 
(single sideband) amateur radio. 
All 40 CB c'iánnels; Ship to share: 
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with Panasonic's 4'g full -range speaker, the big sound 
of AM and FM will, really sound b=g. _ _ _= 
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The ability to receive short wave broadcasts will sarywIti antenna size, time of day. 
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Julian Hirsch 

Interaction 
[between cartridge 

and preamplifier] 
can modify 
response by 

several decibels. 

HIRSCH/HOUCK LABORATORIES 

Audio Report 
CARTRIDGE LOADING AND 
PREAMPLIFIER INTERACTION 

FOR 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 -to -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 system. 

There is also an electrical resonance, 

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 "Q" 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 brdadly optimum 
for a wide variety of cartridges. 
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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 

HAFLER MODEL DH101 STEREO PREAMPLIFIER 

"Plain Jane" preamp produces exceptionally fine performance. 

~Iv .4- h.». 

HIRSCH- 
HOUCK 
LABS 
REPORT 

The Hafler Model 
DH -101 stereo 
preamplifier is al- 
most starkly sim- 
ple, but its perfor- 

mance is literally "state of the art." 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 133/4"W x 81/2"D x 31/4"H 

(34.9 x 21.6 x 8.3 cm) and weighs 8 lb 

HIRSCH/HOUCK LABORATORIES 

(3.6 kg). Suggested selling price about 
$300 factory -wired, $200 kit. 

General Description. The front - 
panel 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 

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 -recorder ver- 
satility of the preamplifier. 

All the amplifier circuits are on a single 
circuit board, onto which the lugs of the 
control potentiometers are soldered. 
When they are installed 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 specifications 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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Become a Western 
Auto Associate Store 
Owner, a partner 
with one of 
America's largest 
retail chains, 
Western Auto 
Associate Stores. 

Backed by 42 
years of successful 
Associate Store experience. 
No contract or franchise fee 
or sales royalty ever 
Monthly hard hitting sales 
circulars available. 
Extensive T.V. coverage in 
most markets at no cost. 
Regular Western Auto truck 
delivery to most stores. 
Customer credit financing 
plan available for your 
customers. 
Associate Store Owner credit 
programs expand your 
investment dollars. 
Training in retail store 
management provided. 
Personal help through regular 
visits from Territory Sales 
Manager. 
Investment varies with market. 
Minimum $40,000. 

Fill in the coupon for more information. 

Send to R. T. Renfro, V.P. 
Western Auto 
2107 Grand Avenue 
Kansas City, MO 64108 :o 

Dept. PE 778 

Name 

Address 

E City 

State 

Phone - Area Code 

Zip 

11WESTERN AUTO 2 

¡ e.G .ZIEN0111 

26 

a, 

w 

PERFORMANCE 
Specification 

SPECIFICATIONS 
Rating Measured 

Rated output 3 volts, 10-100,000 Hz As rated 

Maximum output 7 volts, 20-20,000 Hz 12 volts at 1000 Hz 

THD Less than 0.001% 
at rated output 

Less than 0.0025% 
(instrument residual) 

IM distortion Below instrument residual Less than 0.002% 
(instrument residual) 

Rise time 2µs 3µs 

Slew rate 12 V/µs 7 to 12 V/µs, depend- 
ing on measurement method. 

Frequency response 20-20,000 Hz, 
+0/-0.25 dB 

20-20,000 Hz, 
+0/0.5 dB 

Hum & noise -90 dBV ("A" weighted) 
(high level) 

Less than -80 dBV 
(measurement limit) 

-86 dBV ("A" weighted; 
phono) 

-68 dBV (unweighted) 

Phono Frequency 
response 

Within ±0.5 dB of RIAA, 
40-15,000 Hz. 

As rated 

Phono overload (1000 Hz) 180 mV 180 mV 

Phono cartridge inter- 
action at 20,000 Hz 

Unmeasurable Unmeasurable 

Phono gain (1000 Hz) 34 dB 35.4 dB 

High level gain (1000 Hz) 20 dB ± 1 dB 20.0 dB 

Bass tone control range 
(50 Hz) 

± 12 dB +14.5, -16 dB 

Treble tone control range 
(20,000 Hz) 

±10 dB +11.5, -17 dB 

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 

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 result in 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 
preamp itself. (Continued on page 30) 
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Product Focus 

The Haller 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. Haller has tailored the 
equalization of the Model DH -101 to 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 

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 volt- 
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 

CIRCLE NO 101 ON FREE INFORMATION CARO 

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). Haller credits this circuit 
design for much of the exceptional per- 
formance of the preamplifier, including 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, regardless 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 SYSTEM 
Quartz -control speed system also operates at each pitch control stop. 

- 

4 

HIRSCH- 
HOUCK> 
LABS 
REPORT 

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 
1711/16"W x 151/8"D x511/16"H 
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PERFORMANCE SPECIFICATIONS 

specnication hating measurea 

Wow and Flutter 0.025% wrms (JIS) 0.05% rms (IRE) 

Rumble -50 dB (DIN 45539A) 
-73 dB (DIN 45539B) 

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

Build-up 
characteristic 

90° or CIA rotation 
at 33-1/3 rpm 

Less than 1 second to 
full speed or stop 

Tracking error 
angle 

+3° (outer groove 
of 12" disc); 
+1° (inner groove) 

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

Effective tonearm 
mass 

22 g with 6.5-g 
cartridge at 
1.25-g stylus 
pressure 

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

Tonearm/cable 
capacitance 

Not specified. 100 pF to ground; 6.5 pF 
between channels 

Antiskating 
calibration 

Not specified. Requires approximately I -g 
greater setting than 
tracking force 

Arm cueing Not specified. Very slow; no drift 

Base isolation Not specified. Much better than average for 
direct -drive turntables; 
exceptionally resistant 
to jarring. 

(14.5 x 45.3 x 38.4 cm) and weighs 26 
lb (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 other is fixed and 
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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 motor with precise timing from a bidi- 
rectional drive circuit. The drive circuit is 

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 

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 (LSI) circuits. 

At the heart of the system is the syn- 
thesizer/counter chip. In it, the frequen- 
cy of an external voltage -controlled 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 
circúts 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 

(Continued on page 34) 31 
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Black Knight 
Antenna Styl 
#4156-1 
Base loaded 
with graphite tip. 
Trunk mounted. ° 

Sliver Knight' 
Antenna Style 
#4156-1S 
Base loaded 
with steel tip. 

j . White Knight Trunk mounted. 

Antenna Style 
#4125-1 

1 

rj 

Base loaded 
with fiberglass tip. 
Trunk mounted. 

( 

41:1:tg -.ACV ` 

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. 

tar better 
to transmit 
than to recelue 

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

But the name of the game in CB 

antennas is transmission (unless you 

like talking to yourself). 
Talk power is what separates 

the men from the boys, the 
Knights of the Road from 

the weaklings. Your nearby 

Shakespeare antenna 
dealer will show you how 

Shakespeare has everyone 
talking...loud and clear! 

now you're 
talking! 
U A protective sheath of 

high grade resin fiberglass 

totally encompassing the metal 

radiator. 0 Silver plated 

copper radiator lowers resist- 

an e 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 aesthetic beauty. 

0 Helical wound tin 

plated copper coil on a tapered 

low -loss polycarbonate dielectric 

core.© Molten dipped silver 

mica matching capacitor (not the 

ty ical varnished pasteboard). 

Solid brass threaded 

fitting for positive coupling to 

antenna mount. 
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METAL ANTENNA SHAKESPEARE 
(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 regardless 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...all 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 
rob you of up to 20% of your power. 

DETERIORATION, SEVERE ENVIRONMENT 

00 mob 
SNAKESPEARE PE FORMANCE 

95 

90 
fU 

A0pZ9T 

85 

FOA 80 
Cs 

75 

70 

65 

60 

55 

NEW 

YEARS 

2 3 

A speck of dust? 
it's hell ín your eve... 
euen worse on your 
antenna! 

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. 

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 res stant. 

Fiberglass... 
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 loaded 

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 

metal radiator that transmits the signal is 

sheathed in enduring fiberglass; 
safeguarded 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 world's largest Fiberglass 
antenna plant just made your next antenna. 

Va. 

r. L 311' - 

0/- 

a 
- .r ` A ,:. F 

IV 
.b * 

. 

f' waNe 1, 

', . . ' Y. ' s3' ~ ` ' _ '.' .: 7_ -'y: 
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200,000 square feet devoted entirely to CB and marine antennas and related fiberglass products, complete with 
advanced testing facilities and laboratories for research and development. 

CSAIX.92~28 

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

The Shakespeare Company/Manufactu-ers of Fishing Tackle, Communication Equipment, Industrial Fiberglass, 
Wbnderthread and Specialized Monofilaments, Golf Equipment, Automotive Products, Saddlery and Equestrian 
Accessories, and Marine Taxidermy. 
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Drive 
circuit 

Voltage 
Comparator 

Torque 

,Speed/voltage 
converter 

Phase 
comparator F 

Load 

41Quartz oscillator 

The quartz synthesizer 
pitch control permits 

pitch variation by ±9.9% 
in steps of 0.1% 

by dividing the oscillator 
frequency by 1000. 

The principal circuit components 
of the phase control system 
are incorporated in four IC's. 
Shown here also are the 
direct -drive motor and 
control/display circuits. 

[MN6042] 

Digital 
display 
drive 
circuit 

Programmable 
counter 

Scanning , 

counter 

Start/Stop 
switch 

Block diagram shows 
how motor rotational 
speed is "locked" to 
a reference frequency 
originating in 
a quartz oscillator. 

F, 
1 Ve 

T 1000 P. C 

Quartz 
oscillator 

[DN860] 

Frequency 
divider 

33/45 
speed 
change 
switch 

Input circuit 
-gate 

Decrease Clear Increase 

Digital 
speed 
display 

[AN66O] 

(Continued from page 31) 
markings remain stationary, no matter 
what speed the platter is set for, as long 
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) 

L. P. F 

Programmable 
counter 

1 

1000± N 

Vd 

F. 

BCD 2 -digit 
scanning counter 

Digital 
pitch 
display 

[AN640] 

Bi-Directiona 
drive circuit 

BCD to 7 -segment 
decoder/driver 

/ 1_1 
/ I 1 1 

D.D Motor 

Position 
detecting 
coil 

Diving 
coil 

Pitch control 
switch 
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THE NEW Stereo Review SRT14 ._.. /111.`1 
WM" /sm 

TEST R D 
tut t11dSti CCm)rlerferlbiY!er dtLUirat¢ ono easw-, u e: 

test récord ever dévelped. " 

.Here, at last, is a record that córítáins everything you need to get 
the fullest, most realistic reproduction from your stereo equipment. 

Whether you've spent thousands -on your stereo system or have 
a more modest setup, the SRT14 is an indispensable tool fcr help- 
ing you realize the full potential of your equipment. 

Best of all, you don't have to be an electronics engineer tc use It. 

You can actually perform a complete stereo -system checkup by ear 
alone. 

A test 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 
recorded test tones, frequency sweeps, and random -noise signals 
that enable you to accurately analyze and check your stereo system 
for: 

Frequency response. 
Stereo separation. 
Cartridge tracking. 
Channel balance. 
Hum and noise, including turntable rumble 
Wow and flutter 
Optimum speaker placement, and more ... much more, 

And you can do It all without any instruments ... by ear alone. 

Step-by-step instructions 
Included with the SRT14 is a detailed instruction manual com- 

plete with charts, tables, and diagrams. This takes you step by step 
through the testing process. It explains the significance of each 
test. It tells you what to listen for. It clearly describes any abbera- 
tions in system response. And it details corrective procedures. 

For professionals too 
The usefulness of.the SRT14 is not confined to the nontecnnical 

listener. 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 audiophile 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. 

STERSi SEPARA'i ION. Indicates the amount of signal leakage from 
one channel into another using warble tones from 400 to 12,800 Hz. 

PHONO-CARTRIDGE TRACKING, HI ;I' 1=fEQUENCY. 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 similar swoops indicates mistracking as an 
increase in harmonic distortion. 
CHANNEL BALANCE Separate random -phase noise sources for the 
two channels permit balancing not only of overall channel levels, but 
also of the individual tweeters and mid -range drivers in the speaker 
systems. 

PHASE 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 piano provides 
reference playback level by which the low -frequency noise of 
sound system playing an unmcdulated groove can be judged. 

RECORD-PLAYER FLUTTER TEST. A passage of piano music is 
recorded 'three times with increasing amounts of flutter. The degree 
to which the record -player's flutter "masks" the recorded flutter 
indicates is relative severity. 
FREQUENCY -RESPONSE SWEEP, 10,000 TO 40,000 HZ. The fre- 
quency response and channel separation of a phono cartridge at 
ultrasonic frequencies can be measured with a voltmeter or other 
appropriwe instrument to gie an indication of the cartridge's 
suitability for CD -4 reproduction. 
FREQUENCY -RESPONSE SWEEP, 500 TO 20,000 HZ. Similarly, the 
cartridge's response and separation over the range of important 
audible frequencies can be measured. 

SQUARE -'NAVE TEST. The high -frequency response, phase shift, 
and resorant characteristics of a phono cartridge can be evaluated 
quickly b, viewing the reproduced waveform of an RIAA-equalized 
500 -Hz square wave on an osci loscope. 
TONE -BURST TEST. Tone bursts sweeping from 500 to 20,000 Hz 
give an indication of a phono cartridge's transient response when 
the reproduced signal is viewed on the oscilloscope. 
INTERF'IIODULATION-DISTORTION TEST. A phono cartridge's inter - 
modulation distortion can be measured directly using a standard IM 
meter designed to analyze an SMPTE signal. 
ANTI'. fG TEST. A specially designed test signal permits 
adjustmert of skating compensation for best reproduction of critical 
high-level recorded passages. 
1,000 -HZ REFERENCE TONES. Four tones whose recorded velocities 
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. 

a 
a 

The final step 
Start getting the most out of your stereo system. Make the SRT14 
your next record purchase. Just complete the coupon and mall it 
along with your remittance ... today! 

Test Record, Dept. 30013, 

Please send 
($9.95 outside U.S.A.). 

Enclosed Is $ 

MO, NY STATE, TX' and 

CHARGE: El 

P.O. Box 278, Pratt Station, Brooklyn, NY 11205 

SRT 14 ¡Stereo) Test' Records) @1 $7.95 each 

Account # 
Master Charge Interbank 

Signature 

Print Name 

Residents of CA, CO, DC, FL, IL, MI, 
VT add applicable sales tax. 
American Express Master Charge 
VISA Diners Club 

Exp Date 

(4 #'s over your name) 

Address 

City State Zip 
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When you do,you'll probably pick CIE. 
You can't afford to settle for 

less when it comes to something like 
electronics training that could 

affect your whole life. 
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INhen 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 
training. Not for the bargain. 
For the best. Thorough, profes- 
sional training to help give you 
pride and confidence. 

* 
If you talked to some of our 

graduates, chances are you'd 
nd 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 - on ideas! 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 lessors 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- 4, 

shooting 
programs ,- 
help you get 
your "hands-on" 
training .. . 

With CIE's 
Experimental 
Electronics 
Laboratory... 

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

rt 

i 

- 

r 

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 them in .. . 

study, understand and inter- 
pret them! 

When you get your 
Zenith 19 -inch Diagonal 
Solid -State Color TV you 

simply this: 
All this training takes 

effort. But you'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 half of CIE's 
courses prepare you for the 
government -administered FCC 
License exam. In continuing 
surveys, nearly 4 out of 5 CIE 
graduates who take the exam 
get their Licenses! 
Shop around ...but send 
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 

II 

send you a copy of CIE s 
i , FREE school catalog - 

/ plus a complete pack- 
, age of independent 

home study information! 
For your convenience, 

U, we'll try to have a repre- 
sentative contact you to 
answer your questions. 

- 
_ l Mail the card or coupon - 

Pattern simulated or write: CIE, 1776 East 
apply your new skills to some 17th St., Cleveland, 
real on -the -job -type trouble- OH 44114. 
shooting! You learn to trace 
signal flow... locate malfunc- 
tions ... restore perfect operat- 
ing standards -just as with any 
sophisticated electronics 
equipment! 

3111l11 N.,ar ,..' 
CI1R 

When 
you work with a completely 

Solid -State Color 
Bar Generator - 
actually a TV signal 
transmitter -you study 

up to ten different 
patterns on your TV 

screen ... explore digi- 
tal logic circuits ... observe 

the action of a crystal -con- 
trolled oscillator! 

Of course, CIE offers a 
more advanced training pro- 
gram, too. But the main point is 

r NZ MI MI Ell al C' E Cleveland Institute 
of Electronics, 

Inc. 
1776 East 17th Street. Cleveland. Ohio 44114 

03 

Accredited Member Notional Home Study Council 

YES .. . I'm 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 
catalog- including details about 
troubleshooting courses-plus my 
FREE package of home study 
information! PE -66 

Print Name 

Address Apt 

City 

State Zip 

Age Phone 
(area code) 

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

Mail today! 
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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 0.01% THD & IM. 

The 2200 Stereo Power Ampli- 
fier with fully complementary 
circuitry delivers 100 Watts 
RMS per channel from 20-20K 
at less than 0.05% 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. 

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

CIRCLE NO. 42 ON FREE INFORMATION CARD 
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Upper row 

Lower row 

3 4 5 611 
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Position detector signals 

Phase Al 

Phase Az 

Bi-directional drive circuit of 
AN640 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 un mute 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 

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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. MULTI-USER SYSTEM 

SUM 6800 :?1,7 '4.- 

_. sew 11,1~- 
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OPERATES - Up to 4 terminals running INDEPENDENT programs 

HARDWARE TIME SHARE - Requires no modifications to computer 

IDEAL 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 (CAI). 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 

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 
ANSII standard version. The 6800 multi-user system is just 
as economical, but far more flexible and powerful than 
multiple small machines for CAI applications. 

MUB-68 Multi -User Board and BASIC Software 
Assembled and tested $150.00 
Kit $129.95 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 
POPULAR ELECTRONICS 
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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 CARO 

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. 

alHIRSCH- 

REPORT. 

HOUCK 
LABS 

r 

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 -to -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 
1411W x 12"D (63.5 x 36.8 x 30.5 cm) 
and weighs nearly 40 lb (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 

e. 

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 - 

ás 

,,. 
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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. (Our 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 th& 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. 
POPULAR ELECTRONICS 
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Product Focus 
The most unique feature of the Infinity 

Model Ob, 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 Oa) 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 

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 I/e" (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. 

CIRCLE 110 103 ON FREE INFORMATION CARD 

4 -for -1 SALE! 
Top, Quality J.I.L.. 4-in-1. 

- ' IN -DASH 
AM -FM CAR STEREO with 
CASSETTE or 8 -TRACK 
PLUS 40 -CHANNEL CB ! 

00 
WHILE SUPPLY 

LASTS 

%l ÁA' n, Kt: 
From J.I.L., a leader in car 
entertainment centers ...a modular, 
compact, first q.Eality4-in-1 unitata 
price you might pay for a radio onlyl 
Get stereo high-fidelity FM Radio, 
AM Radio, Cassette or 8 -track, and 
CB all for on _towprice. Tens of 

. thousands, sold nationally. Order 
while supplies last. - 

#853/102 In -Dash Combination 8 - 

Track Stereo, AM/FM/Stereo Radio and 
40 -Channel Digital Touch -Tuning AM -CB. 
Features LO/DX switch, Stereo light, 8 - 

track program lights, CB standby switch, 
LED channel readout, Plus many other 
features 

-while supply lasts only .... S149.00 
#610/102 In Dash Combination 

Stereo Cassette Player, AM/FM /Stereo 
Radio and 40 -Channel Digital Touch - 
Tuning AM -C8. Features cassette eject/ 

FF button, CB selector, CB standby switch 
Plus many other features 
-while supply lasts only... .5159.00 . #202-SSB Single Sideband 40 - 
Channel CB featuring Digital Touch -Tun- 
ing AM-SSB CB for 120 effective 

channels with greater clarity and reach. All 
functions right on the mike. A top-notch 
unit. Choose SSB instead of standard 40 - 
channel CB with #853 or #610 above. 

Please add $50.00 

ACCESSORIES 
E AM/FM/CB Retractable Antenna 

(mounts like reg. car antenna) 
List 839.95 NOW 829.95 
51/4" Full -tone Coaxial Speakers 

20. oz. magnets. 
List 39.95 pr. NOW 819.95 

0 6"x 9" Full -tone Coaxial Speakers 
20 oz. magnets. 

List $69.95 pr NOW 829.95 pr. 

Field Strength/SWR Meter to test Ant. 
LList529.95 NOW 1119.95 

CLIP AD AND ATTACH TO LETTER 
Pa. Res. Add 6% Sales Tax. 

W J 
"DISCOUNT MAILORDER!" 

o 70 James Way, Southampton, Pa. 18966 
Phone Orders Call (215) 322-8599 

%JAME 

ADDRESS 

AUU. 

CITY STATE ZIP 
BankAmericard/Visa, Master Charge- 

Exp. 
Card # Date 

oe á 
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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 

I 
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ABOUNTIFUL 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- 

gral speaker systems. The ADS Models 
2002 and 2001, which include biamplifi- 
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 EIA-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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FORTHE TRAVELIN WHO D.° ' >. HIS 
CAR HIGH FIDELITY . = ° D. 

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-cn 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. 

SPARK i MATIC. 
For the %vehn' Man TM 

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

For our free complete Car Sound Catalog write: "For The Travelin' Man", Dept. I'l , 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- 
quency 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-. 

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 µF (nonelectrolytic) capacitance in se- 
ries with the tweeter and amplifier for an 
8 -ohm tweeter or 8 µF 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, usual- 
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 /2" -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 

and tweeter rolls 
off 6 dB/octave 
below 5000 Hz. 

90' PHASE 
DIFFERENCE 

FROM 
AMPLIFIER 

TWEETER 

MIDRANGE 
OR WOOFER 

S PKR 
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Advent EQ-1 self -amplified 
6" x 9" speaker is equalized 
for rear -deck mounting. 

° AÚTO SPEAKER SYSTEM SAMPLER. 

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

ó--___ 

Jensen Triaxial® for front door 
panels has low -mounted 51/4' 

woofer, and surface -mounting 
tnid-high module. 

p 

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

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 loss. 

Advent has announced its Model 
EQ-1 twin 6" x 9" (15.2 x 22.9 cm) pow- 
ered speaker system that is equalized 
especially for rear -deck mounting. Also 
worth noting is the Polk 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 keep in mind the gen- 
eral principles stated here. Jensen 
Sound Laboratories and KLH, among 
others, even have 3 -way coaxial types. 

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

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 larger the 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- 

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. An in- 
ternal 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 
in 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- 

(A) 

(6) 

Fig. 2. For correct phasing in 
multiple -speaker installations, 
wire "unlike" terminals 
in series as at (A), "like" 
ones in parallel as at (B). 

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's instructions on this, though. 

If you listen mostly to classical music, 
you can "fake it," 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 10-11F 

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 voles) 
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. 

FROM 
AMPLIFIER 

(LEFT) 

4pF 1 
0.25mH + x + T -T T 

2009F 100pF 
EACH NONPOLAR 
(25V) 

(coo - 
FROM 12mH I 

AMPLIFIER <I11 \ r 
(RIGHT) \ L 

TO MIDRANGE 
AND TWEETER 

AS ABOVE 

WOOFERS IN 
COMMON 
ENCLOSURE 
(TRUNK, ETC 

ONE WOOFER 
AND CHOKE CAN BE 
OMITTED (SEE TEXT) 

Fig. 3. Sophisticated 
passive crossover 
for 3 -way systems. J 
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TECHNIQUES FOR AUTO SPEAKER INSTALLATION 

Unscrewing carpet -retaining plate 
provides handy channel for wires 

feeding signals to amplifiers 
or to the rear speakers. 

TA 

-. 

or GI 

Reinstalling the door panel, a snap --in 

grille mounting plate is secured. 
With some makes, a grille snaps onto the 

speaker or is held by speaker -mount screws. 

/ 
_ : 

Cut speaker hole in rear deck with a sharp 
blade or sabre saw. Many trunks have oval 
stampings underthe deck that can be used 

as guides when cutting 6" x 9" holes. 

El i<\tr 

Removing front door panel shows where 
this "Kri.ket" speaker can mount. 
(Here, there's a pre-cut hole.) 
Attach wires before securing speaker. 

j . .r. a 
le o' 

1 

> . 
- 

2.1 /r r-. ."t`; r . 

Sound-deadeniing board, secured with 
roofing cement, suppresses rattles 
and resonances which may occur 
with sheet-nnetal door panels. 

Add speaker grilles to protect 
cones and to enhance appearance. 
Use bolts, not screws, to fasten grille. 
One of two speakers on back deck is shown. 
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DESIRED 
CROSSOVER C 
FRED (Hz) (9F) 

70 0.28 
80 0.25 

100 0.20 
120 0.16 
150 0.13 
200 0.10 

LEFT 
SPKR 

OUT 

RIGHT 
SPKR 

OUT BA K 
BASS LEVEL 

J 

QI,Q2,03=ANY HIGH -0 NPN 
SILICON TRANSISTOR 
(MINIMUM 0 = 200) 

INPUT. 
(ONE 

CHANNEL) - 

RI 
I.SM 

1( 
CI 

0 53J F 

QI 

Fig. 4. Electronic crossover feeds highs and lows 
to separate amplifiers. Crossover frequency 
depends on value of capacitor. Summing network 

R2 
4.7K 

*SEE 
CHART 

R8 
4.7K 

Q3 
/ 

RIO 
4.7K 

VWNW +12V 
RII 

6811 

HIGH 
C4 OUT 
2yF 
16V 

CS 
2yF 

+) 16V LOW 
OUT 

COM 

(dashed box) lets you use one crossover and one 
bass amplifier to feed a common woofer. Other- 
wise, 2 crossovers and 4 amplifiers are requi?ed. 

A variation of this technique uses an 
autotransformer to step up the voltage to 
the speaker. Since almost unlimited 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 load 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 - 

50 

sic. (This is the technique employed in 
the ADS Model 2001 and 2002 systems 
and some Sanyo stereos.) 

Unless a specification sheet explicitly 
mentions "FTC ratings," car -amplifier 
output power figures should be taken 
with a large grain of salt. 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 generally include a 
large series dc -blocking electrolytic ca- 
pacitor, the boosters usually 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 will in all 
likelihood void its warranty if tinkering is 
noticeable. 

Once you remove the shunt, you have 
a two -channel power amplifier that can 
be used directly from the volume or tone 
controls 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 levels. 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 -follower 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 c.,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. 

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 Model 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 TC876AX, Sanyo 

Model FT1490A 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. 

Wnen 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 flutter, especial- 
ly with thinner C-90 and C-120 tapes. A 

special nuisance is "warble" on a bumpy 
roac, 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 

you, 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 

2511 
IOW 

TO 'SHOT" 
TERMINALS OF 

BOTH AMPLIFIER 
CHANNELS 

REAR 
WINDOW 

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

+12V 

OUTPUT 

4n 

AUTOTRANSFORMER 

Fig. 6 Push-pull 
connection uses 2 
amplifiers to 
quadruple power. 
Optional 
autotran sformer 
further increases 
available power. 
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MOBILE RECEIVERS AND TAPE EQUIPMENT SAMPLER 

VOL /al 

S TRACK STEREO PLAYER 

AÓI8ACT i!WO REPEAT IOWW1i GK 

0 0 0 0 0 0 :0 

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. 

Sanyo underdash cassette player 
comes with slide-in/out bracket. 

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

Panasonic Q8520 ($399.95). Their tun- 
ing facilities differ somewhat: the J.I.L. 
has 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- 
jitsu 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 

the Fujitsu (it has no power amplifier 
stage at all). 

If the other features don't impress 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 capability into a small 
package. When you are shopping 
around, read the manufacturers' specifi- 
cations for their receivers very carefully. 
The published specifications for the bet- 
ter receivers are quite comprehensive. 

Fig. 7. Pair of 
emitter -follower 
circuits permits 

using lengthy 
speaker lines 
without high - 

frequency loss. 

L IN 

R IN 

+12V 
220.11. 

6 V 

L OUT 

GND 

OUT 

01,02. ANY HIGH -S SILICON 
NPN TRANSISTOR 
(MINIMUM Or 200) 
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POWER BOOSTER AND EQUALIZER SAMPLER 

rroEn 

Oka 1-kj,:=11 
.2 .8 Iw. ooa«. d 

olwsC EQY.uEE"!W!"Yw , n 

POW!. .- = -'- 
as.t. ", 

Motorola equalizer/booster has 30-W rms 
power output, LED power indicators. 
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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 123 Hz. 
Driven by one channel of Jandy booster. 
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Fosgate 200-W amp has preamp 
with source selector, power 
LED's, 3 -way equalization. 

Fujitsu Ten preamp has 5 

inputs, including mike mixing. 

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-µV" 
sensitivity rating is meaningless if the 
background noise suppression is not 

stated. It might take 50 µV 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 - 

+12V 

+12V TO 
ALL AUDIO 

ACCESSORIES 

12V RELAY 
(CONTACTS 

NCR MALL? 
OP EN) 

3A SILICON 

IN4001 

TO 
RADIO 

loon 

RS12006 
GERMANIUM 
POWER TRANSISTOR) 

- CAR FRAME 

Fig. 8. Relay circuit 
for remote control of 
booster amplifier. 

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 
drcpouts 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 thah 
1% distortion. -Power figures with higher or 
unspecified distortion levels are marked 
with asterisks. Figures marked "E" are for 
booster/equalizefs. 

Company Watts/ChánneÍ 
ADS 25 
Audiomobile 20-75, E20 
AudioVox E16' 
Berrien Astrosoñix 25' 
Clarion E10-26, 12.5 
Concord 18 

Craig 12-25, E36 
Fosgate 20-50 
Fujitsu Ten 20 
Jandy Car -Fi 30-80, E20-30 
Kraco 20', E25-30' 
Kustom K'reations 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 
Sányó 15-25 
Sanyo biamp 23+5W (<i 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 

54 POPULAR ELECTRONICS 

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. 

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 yóurs 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 
0.25-11F 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. 

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 
and cars ordered without factory - 
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In Cónclusion. 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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BY L. STEVEN CHEAIRS 

Build an 
ELECTRONIC 

VOLTAGE 
REGULATOR 

FOR 
YOUR CAR 

UNTIL 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- 

+ 

BATTERY 

ALTERNATOR 

Solid-state system 
uses new IC to achieve 
high reliability 
at low cost. 

tating field winding. Field current, usual- 
ly about 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 

IGNITION 
AMMETER SWITCH 

GND 

BATTERY BATTERY 

STATOR FIELD FIELD 

VOLTAGE 
REGULATOR 

NC. 

IGN 

GND 

Fig. I Block diagram 
of a typical automotive 
charging system.; 

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 presented 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 alternator, 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 enclosed 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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BATTERY 
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ADJUST 
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ADJUST 

10 
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GROUND 

Fig. 2. Schematic of the internal structure 
of the Motorola MC3325 automotive voltage regulator IC. 

FIELD 
(ROTOR) 

(A) 

FIELD 
(ROTOR) 

(C) 

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 01 drives the alter- 
nator field coil. The fixed resistors are 

56 

ALTERNATOR STATOR 
OUTPUT 

0 ROUND 

}FIELD 

ALTERNATOR 
OUTPUT 

OGROUND 

FIELD 

FIELD 
( ROTOR) 

Fig. 3. Three types 
of alternators found 
in automobiles: 
floating field (A); 
pulled -up field (B); 
grounded field (C). 

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 

PARTS LIST 
C 1, C2 -0.01-µF disc ceramic 
DI -1N4003 rectifier 
ICI-MC3325 automotive voltage regulator 

(Motorola) 
Q1 -2N6059 npn Darlington transistor 
The following are 1/4 -watt, 5% carbon -compo- 

sition resistors: 
R 1-13,0(X) ohms 
R2-1000 ohms 
R3-1600 ohms 
R4-2200 ohms 
R5-2000 ohms 
R6-1500 ohms 
R7-3000 ohms 
Misc.-Printed circuit board, suitable metallic 

enclosure, heat sink, power transistor sock- 
et, silicone thermal compound, terminal 
strip, IC socket or Molex Soldercons, pc 
board standoff, machine hardware, etc. 

Note: The following are available from Que - 
star Engineering Co.. 50 South McDonald 
Street, Mesa, Arizona 85202: Etched and 
drilled glass -epoxy printed circuit board for 
$5.25; 2N6059 npn Darlington transistor for 
$5.85: MC3325 IC for $1.75. Arizona resi- 
dents add sales tax. 

ALTERNATOR 
OUTPUT 

r -O GROUND 

FIELD 

10) 

overvoltage of the charging system is 

limited by R6. 

Construction. Printed circuit con- 
struction techniques are recommended 
for the assembly of the voltage regula- 
tor. Etching and drilling and parts place- 
ment guides for a suitable board are 
shown in Fig. 5. All components except 
Q1 are mounted on the printed circuit 
board. Use a minimum amount of heat 
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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R5 

BATTERY' 
SENSE 
INPUT 

NC 

TO 
ALTERNATOR - 

OUTPUT 

Fig. 4. Schematic of the solid-state voltage regulator,, 
For use with grounded -field alternator, use dashed lines. 

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 

o 

III 
R4 R3 

I 

R2 

C2 

-R6 - 
.v 

ICI 

- R7- - DI- 
CI 

TO 
OALTERNATOR 

1. FIELD 

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 

WIRING 0- 

ALTERNATOR FIELD 
GROUND 
ALTERNATOR OUTPUT 
BATTERY SENSE 

SIDE'O 

Fig. 5. Etching and 
drilling guide for 
pc board is at left, 
with parts placement 
guide shown below. 

-EMITTER 
BASE -01 

COLLECTORS 

the values specified in the parts list, con- 
sult your automobile's specifications. 
Then use the following information to 

determine the resistor values. 
Resistor R3 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 R3 

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 milliamperes. 

The following equation is used to 
compute the value of R3: R3 = (Vovermax 

- Vz)/ l3, where Vz is the zener voltage, 
+7.5 volts, 13 is the current flowing into 
pin 3, between 2.0 and 6.0 mA, and 

Vovermax is the maximum output voltage 
of the alternator. The specified value of 
R3 is 1600 ohms. If the alternator output 
varies between 13.0 and 16.0 volts, 13 

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 R5, 

which is defined oy the following equa- 
tion: V reg = (1 + R5/R1) (8.4) + (n + 
R5/5000) (0.7), where n is 3 for the cir- 
cuit shown in Figs. 4 and 5 and R1 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/°C to -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 R1 should be greater than 
7800 ohms and less than 16,600 ohms, 
where Rmax = Vmax / Im,n and Rmin = Vmin 
/ Imax. 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 12,000 ohms. This results 
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Hobbiests! Engineers! Technicians! Stun,, ts! 
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ELF II 

by NETRONICS 
as featured In 
POPULAR ELECTRONICS 

shown with optional 4k 

Memory Boards. GIANT 

BOARD". Kluge 
Board and 
ASCII 
Keyboard. 
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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 I I featuring 

RCA COSMAC 
microprocessor/mini- 

computer 
$9995 

Vrr,, 

F 

S B 

r Using advanced computers is now as easy as driving a 

yk r car with an automatic transmission. We will teach you, step 
by step, instruction by instruction, how to use an RCA 

s+, COSMAC computer 
Not only does our short course explain computers. it 

u helps anyone write and run programs and solve complex 
problems requiring a computer Knowing how a computer 
works can help you ... 

11) Spot situations where a computer can assist you in 

business, industry, personal applications. etc; (2) Select the 
most economical computer (or microprocessor) and related 
hardware for your specific needs; (3) Write and run the 
programs you need; and (4) Keep your computer costs down. 

1 This course was written for ELF II users but . it's a 
blockbuster for every RCA COSMAC user or owner! 

- 

SPECIFICATIONS 
ELF 11 features an RCA COSMAC COS/MOS 8 -bit 
microprocessor addressable to 64k bytes with DMA, 
interrupt. 16 registers. ALL!. 256 byte RAM. full hex 
keyboard. two digit hex output display. 5 sloe 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 II GIANT BOARD" with casssette I/O. 

RS 232-CMY 1/0. 8 -bit P 1/0, decoders for 14 

separate I/O instructions and a system 
monitor/editor. Turns ELF II into the heart of a 

full-size system with massive computing power: 
$39.95 kit. 

4k Static RAM. Addressable to any 4k page to 64k. 
Uses low power 2102's. Chip select circuit allows 
original 256 bytes to he used. Fully buffered. 
Onboard 5 volt regulator. 589.95 kit. 

Prototype (Kluge) Board accepts up to 36 I.C.'s 
including 40. 24, 22, 18, 16, 14 pin. Space available 
for onboard regulator. $17.00. 
Gold plated 86 -pin connector. $5.70. 
ELF II Full ASCII Keyboard. Upper and lower 

case. $64.95 kit. 
5 amp Expansion Poner Supply. Powers the 

entire ELF II (Not required unless adding 4k RAM 
boards.) $34.95 kit. 

All of the above PC hoards plug directly inn, 
ELF It's expansion bus. 

ELF II TINY BASIC 
Communicate with ELF I1 in BASIC! ELF II Tiny 
BASICis compatible with either ASCII keyboard and 
TV screen or standard teletype/video terminal 
utilizing RS 232-C or 20 mil TTY interface. 
Commands include SAVE and LOAD for storing 
programs on standard cassettes, a plot command to 
display graphic infomtation and special commands 
for controlling ELF II I/O devices 16 -bit integer 
arithmetic, 4, x, + 1). 26 variables A -Z. Other 
commands include LET, IF/THEN, INPUT, PRINT, 
GO TO, GO SUB. RETURN, END, REM, CLEAR. 
LIST. RUN. PLOT, PEEK. POKE. Conies with 
maintenance documentation and excellent user's 
manual that allows even beginners to use ELF II for 
sophisticated applications. 14k memory required.) 
$14.95 on cassette tape. 
Coming Soon .. , D.A. A -D Converter Controller 
Board Cabinet Light Pen (Lets you write or draw 
anything on a TV screen. Imagine having a "magic 
wand" that writes like a crayon!) 
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Get "hands on" experience with a computer for just 
$99.95. Then, once you've mastered computer 
fundamentals, expand ELF II with low cost add-ons and 
you're got an advanced personal computer powerful 
enough to solve business, Industrial or scientific 
problems. 

Learning Breakthrough! 
A Short Course On 

Microprocessor And 
Computer Programming 

Written for anyone! Minimal background needed! 

Stop reading about computers and get your hands on one. ELF II is an outstanding trainer 
for anyone who needs to use a computer to maximize his or her personal effectiveness. But ELF II 

isn't just a trainer Expanded, it becomes the head of a powerful computer system. 
Nor $99.95 You Get All This - 

No other small personal computer offers video output and ELF It's expansion capabilities 
for anywhere near 599.95. ELF II can create graphics on your TV screen and play electronic 
games! It pays for itself over and over again in the fun it provides for your whole family 
Engineers and hobbiests can use ELF II in microprocessor -based circuits as a counter, alarm. 
lock, thermostat, timer, telephone dialer. etc. The possibilities are endless! 

The ELF II Esplodes Into A Giant! 
Once you've mastered computer fundamentals, ELF II can give you POWER! Plug in 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 operating a more complex alarm system or controlling a printing 
press. 4k memory units let you write longer programs and solve even more sophisticated 
business, industrial, scientific and personal finance problems. 

Add EI,F II link BASIC And Kes hoard! 
To make ELF II easier to use, we've developed ELF II Tiny Basic. It lets you program ELF II 

with simple words you can type out on a keyboard such as PRINT. RUN and LOAD. ELF II responds 
by displaying answers on your printer, video monitor or TV screen. 

%%rite And Run Programs The Very First Night! 
The ELF II kit includes all components and everything you need to write and run your own 

programs plus the new Pixie Graphics chip that lets you display any 256 byte segment of memory 
on a video monitor or TV screen. No wonder ELF II is now being used as a trainer in many high 
schools and universities. 

Easy instructions get you started right away. even if you've never used a computer before. 
The newly expanded ELF II Manual covers assembly testing, programming, video graphics and 
games. 

ELF II can be assembled in a single evening and you'll still have time to run programs 
including games. video graphics, etc. before going to bed! aa- SEND TODAY! ---- gm 

R&D LTD,, Dept.PE7 (203) 354-9375 
333 Litchfield Road, New Milford, CT 06776 
0 YES! I want to run programs at home and have enclosed.' 0 599.95 plus $3 

p&h for RCA COSMAC ELF II kit. 0 $4.95 for power supply, required for ELF II kit. 
055.00 for RCA 1802 User's Manual. 

$4.95 for Short Course on Microprocessor & Computer Programming. 
ELF II connects to the video input of your TV set. If you prefer to connect ELF II to your 
antenna terminals instead. enclose $8.95 for RF Modulator. 

0039.95 plus 52 p&h for ELF GIANT BOARD" kit. _ _ 4k Static RAM kit, 589.95 ea. plus $3 p&h. 
517.00 plus $1 p&h for Prototype (Kluge) Board. 
534.95 plus $2 p&h for Expansion Power Supply kit. - Gold plated 86 -pin connectors at $5.70 ea. 

564.95 plus $2 p&h for ASCII Keyboard kit. 
514.95 for ELF II Tiny BASIC cassette. 
I want my ELF II wired and tested with the power transformer, RCA 1802 
User's Manual and Short Course on Microprocessor & Computer Program- 
ming for $149.95 plus S3 p&h. 

Total enclosed (Conn. res. add tax) $ Check here if you are enclosing 
Money Order or Cashier's Check to expedite shipment. 

NAME 

ADDRESS 

CITY 

STATE ZIP 
Dealer Inquiries Invited! - ~ tr ~ ~111 

CIRCLE NO. 2B ON FREE INFORMATION CARD 

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 R5 resistance 
of 2333.3 ohms. A 2000 -ohm resistor 
will cause Vreg to be 14.3 volts. 

The value of R6 is more easily deter- 
mined. This resistor limits the maximum 
overvoltage, which can be expressed 
as: Vovermax = [(R3+R6)/R6](7.5). We 
have previously calculated the resis- 
tance of R3 to be 1600 ohms, so we can 
simplify the equation: Vovermax = [(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 Vovermax 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, R5, and R6). 

If a Darlington transistor other than 
the type specified in the schematic and 
Parts List is used as Q1, 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: 

/drive = (Vmtn - 

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. O 
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BY DOUGLAS KOHL 

Low-cost LOOP ANTENNA 
EXTENDS AM 
RADIO RECEPTION 

Easy -to -build air -core loop helps pull in 

distant stations on inexpensive radios. 

EVEN 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- 

How to 
const'ncf 

a loop avtenna 
on wall of a Too m. 

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. A typical 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/ 1/A where N is the 
number of turns and A is the area in 

square inches (1 square inch = 6.45 
cm2). For example, suppose the 
planned loop will measure 6' 9" (2.1 m) 

on each side. Its area will be 6,561 
square inches (4.2 m2 or 42,330 cm2) 

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: 

N Length of each side 

3 80-11/16"(2.05 m) 

4 60-5/8" (1.60 m) 

5 481/2' (1.23 m) 

6 40-3/8" (1.03 m) 

7 34-5/8" (88 cm) 
8 30-5/16" (77 cm) 

9 26-7/8" (68.3 cm) 
10 24-3/16" (61.4 cm) 

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 ail 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 cetermine the location that gives best 
results. The closer the receiver is to the 
loop, 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. O 
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BY HARRY L. HELMS, JR. 

Shortwave 
DX `CATCHES" 

FROM 
AFRICA 

SOME 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 - 

(SI, card sent by the Ghana Broadcasting 
Corporal ion verifying reception. 

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. 

GITANA BROADCASTING CORPORATION 
-. P.O. BOX 1633 
ACCRA,; GHANA 

Dear Sirjtt* }p s, 

Thank you for your reception report of our transmission(s) 

on 11 550 kcjs heard at.. 241 5 

2100 GMT. on 1 :. 5: 68_ 

We have pleasure in verifying your report which is much appreciated. 

Date _Get 

68LT 277 
for 6keetor-General 

1 

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 Africa! 

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. If the guerrilla campaign 
against the Ian Smith regime isn't settled 
in some peaceful manner, Rhodesia 
might provide some of the most dramatic 
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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. 

Q. S. L 

Nous avons le plaisir de vous 

confirmar I'exa fifude de vofre rapport 

d'écoufe du /'1DSi...ri. sffle .Lq 
a 06. dOqd heave GMT 

don} nous vous remercions. 

RADIO SENEGAL 

B. P. 1765 - DAKAR 

. 4/ 

./ 

CHAINE INTER 
SFyEGAL I 

kHz - 100 kW 
4.8 kHz 4 k'N 
9.720 kHz . 4 kW 
1.538 k 10 kW 9x 100 lW 

CHAINE NATIONALE 
SENEGAL II 

7.210 kHz 25 kW 
4.890 kHz 25 kW 
1.304 kHz 4 kW 

764 EH, 200 IW 

f? -1-0 

SENEGAL Ill 
H, -.v0 kW 

RA O SENEGAL 
B. P. 376 
St. LOUIS 

SENEGAL IV 

6.070 kHz 4 LW 
3.336 EH: 4 kW 

RADIO SENEGAL 
B. P. 173 

ZIGUINCHOR 

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. It is 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 and its poli- 
cies. Uganda's newscasts are 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 power. 

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

Verification caul from the Nigerian Broadcasting Corporation. 

NIGERIAN BROADCASTING CORPORATION 
BROADCASTING HOUSE - LAGOS - NIGERIA 

Thank you 

at....O.á 

confirml 

fl`° 

wait 

. .1V Iff 

19P 

pleasure in 

Bt7S t' tll/ ,, I,il 

YIMIyI rom our 

IIInI me 

1 

lira( 

FOR CHI F ENGINEER 

kcs 

Amin Speaks to the World. Few 
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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 GM- 

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....Octoher...19.75 

TIME: 0350 GMT 

FREQUENCY: 3980 kHz 

SOUTH AFRICAN 
BROADCASTING CORPORATION 

SUID-AFRIKAANSE 
UITSAAIKORPORABIE 

P.O. Box 4559, Johannesburg, South Africa 

Suurcme 

MR. H,_, HELMS JR 

Wr -,.: . 

. u` ^ il. _ 

U.S,A. 

Ní,RTINS 
for: DIRECTOR: TECHNICAL SERV. 

South African Broadcasting Corporation 
QSL card verifying reception on 3980 kHz. 

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 Voix 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 

3250_ South Africa, Springbok Radio, 
Johannesburg. Approximately 
2215-0300 sign:off. Pop music 
and commercials. 

3316 Sierra Leone, Freetown. 0600 
sign -on with pops and rock mu- 

sic, advertisements. 
3346 Zambia, Lusaka. General serv- 

ice. Sign on at'0350-0530 in En- 
glish and local languages African 
music and news. 
South Africa, Radio Five', Jo- 
hannesburg. Audible 0300 until 
sunrise fade-out. Rock music. 
Rhodesia, Salisbury. Sign on 

0355 in English. Pop music and 
ads. Low-key generally but in- 

creasingly reminding listeners to 
prepare for possible wars with 
neighboring states. 

4875 South Africa, SABC, Johannes- 
bürg. Sign -on 0300 with pop mu- 
sic: Identifies as Radio South 
Africa. 

4915 'Ghana, Accra. Domestic service. 
Sign -on 0600. News, commen- 
tary, African music. - - 

4990 Nigeria, Lagos. Fade approxi- 
mately 2130 until 2305 sign -off, 
also at 0430 sign -on. Authentic- - 4890 
African music, news and féa 
tures. 

6130 Ghana, Accra. International ser- 
vice, until 2300 sign -off. 

725Ó Zambia, Lusaka. General serv- 
ice. Sign -on 0630. Similar pro- 
gramming as 3346 kHz outlet. 

7275 Nigeria, Lagos. Voice of Nigeria 
international service. News, 
commentaries, and music from 
0600 sign -on. 

9585 South Africa,' Radio RSA, Jo- 
hannesburg. International sere - 
ice beamed to North America 
2230-2320. 

'9730 'Uganda, Kampala. External ser- 
vice. Varied programming and 
unpredictable news 2030-2100. 

, 11770 , Nigeria, Lagos. Voice of Nigeria, 
similar to 7275 kHz, 1800-1930. 

11800 South Africa, Radio RSA, Jo- 
hannesburg. Same schedule as 
9585. 

11900 South Africa, Radio_ RSA, Jor 

3388 

3396 

hannesburg. Same schedule as 

9585. 
11920 Ivory Coast, Abidjan. African 

and U.S. soul music around 
2000. 

15325' Uganda, Kampala. External ser- 
vicé, 1800-1830. 

15435 Tanzania, Dar es Salaam. Anti- 
Rhódesian and South African 
programming 1730 to 1915 sign - 
off. Often stinging in its criticism 
of white minority regimes. 

3210 Mozambique, Maputo. 'Por- 
tugese talks and music from 
0315. 

4765 Congo, Peoples Republic of, 
Brazzaville. Sign -on 0400. 
French with much native music. 
Also before 0000 sign off along 
East Coast. 

4820 Angola, Luanda. All night. Best 
after Latin American stations 
clear the frequency after 0500. 
Portugese talk and local and pop 
music. 

4870 Benin, Cotonou. French lan- 
guage revolutionary speeches 
and slogans. Many mentions of 

Cuba and local music. 0415 sign 
on, occasionally all night.' 

Senegal, Dakar. 0600 ' sign -on 
French and native languages 
with much exotic local music. - 

4895 ' Mozambique, Maputo; 0400 
sign -on. Portugese with talks and 
instrumental music, some En- 
glish identifications. 

4905 Chad, 'N'djamena. 0430 sign -on. 
French with African music. Also 
audible in East at 2200 sign -off. 

5038 Central African Empire, Ban- 
gui. French talks, with native and 
pop music until 2300 sign -off, 
also at 0430 sign -on." 

5047. Togo, Lome. French talk and 
music like Bangui-5038-be 
careful not to confuse the two! In 

East until 2300 sign -off. Also at 

0530 sign -on. 
7125 Guinea, Conakry. French and 

vernacular languages with Afri- 
can music alknight. 

9535-, Angola, Luanda. Sign -on 0500. 
Portugese with chanting African 
and pop music, and talks. 

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 rallies 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 
SWL'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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BY BRIAN DANCE 

Listen to a 
NEW WORLD OF 

SOUNDS WITH 
ULTRASONIC 

DETECTOR 

EXPLORING 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. 

Inexpensive detector 
converts ultrasonic 
sounds from insects, 
compressed gas leaks, etc., 
to an audio output. 

Piezoelectric transducer TR1 con- 

verts ultrasonic waves impinging upon it 

into ac waveforms which are applied to 
the noninverting input of operational am- 
plifier 1C1A. Because a single -ended 
power supply is used, resistors R1 and 
R2 bias the noninverting input to one- 
half the supply voltage. Resistor R3, ef- 
fectively connected across TR1 by elec- 
trolytic capacitor Cl, 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 IC1 A is 60 dB for the 
values given in Fig. 1. 

.91004107/101101W1 

The output of IC1A is directly coupled 
to op amp 1C1 B, 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 IC1B are capacitively coupled by 
C5 to diodes D1 and D2. 

Also applied to the diodes is the out- 
put of an ultrasonic oscillator comprising 
1C3 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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+8-12V 

13 
114 

RI 
150K 

15011 

C2 
.IyF 

14 

R5 
150K 

C9 
(SEE TEXT) 

+8-12V - CIO 
.00311F 

R7 
22K 

R6 
1 5011 

4 
C+ -NC 

ICI. TBA231 
IC2=LM386N 
IC3=CD4001 

C5 
.0055F 

13 _I 

DI 
IN914 

Fig. 1. An ultrasonic receiver, where incoming signals heterodyne 
with those from the local oscillator to produce an audible output. 

CI ,C8- 10-µF. 25-V tantalum 
C2,C4.C6.C7-0. I -µF disc ceramic 
C3 -0.01-µF disc ceramic 
C5 -0.005-µF disc ceramic 
C9-180-pF (or 330-pF) disc ceramic, poly- 

styrene. glass or silver -mica (see text) 
CIO -0.003-12.F disc ceramic 
CI I -0.05-µF disc ceramic 
CI 2-50-p.F. 25- V electrolytic 
DI ,D2 -1N9 I 4 signal diode 
ICI-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 !C3 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 !C2, an audio IC, to a level 
sufficient to drive the dynamic speaker. 
Potentiometer R9 serves as an audio 
gain control. 

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

IC2-LM386 audio amplifier 
IC3-CD400I quad 2 -input NOR gate 
The following fixed resistors are 

.10% carbon composition: 
R 1,R2.R5-150.(X)0 ohms 
R3- I (XX) ohms 
R4.R6-15(1 ohms 
R7.R 11-22,000 ohms 
R8-330,000 ohms 
R I 0-470.000 ohms 
R13-10 ohms 

+6-12V 

C12 
509F 

R9- 10.0(X) -ohm linear -taper potentiometer 
RI2-20.(XX)-ohm linear -taper potentiometer 

1/4-W. . SPKR-8-ohm dynamic speaker 
TR I-Piezoelectric ultrasonic transducer 
Misc.-Printed circuit or perforated hoard: 

suitable enclosure: hook-up wire: do 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). 

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 Cl 
should be choseri so that the nominal 
oscillating frequency corresponds to the 
resonance of the transducer. As was the 
case with C9 in the receiver, Cl 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 

observe normal precautions when han- 
dling the CMOS devices. Install polar- 
ized capacitors and semiconduct:1re 
with due regard for polarity and pin t ac- 
ing. Batteries are well suited to p-_mwPr 

the transmitter and receiver circuits. 
Note that, when transmitter switch Si is 

in the OFF position, the output states of 
ICI'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 R12 tunes 
the circuit across a limited portion of the 
ultrasonic frequency range. Apply power 
and adjust audio gain control R9 until 
some noise is heard through the speªk- 
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THE BOOK YOU'VE 
ME.,, 

ADE 

CIM 

oWA ITE D 

FOP 

R 

S9ó\ IS HERE! 
Cz MOGE PADDRES9G 

os) 
INDEX REGISTER 

Q,P 
ó PQp 

oG 
ín Q 

EPROMz 

UNDERSTANDING 

C5111PUTERS 
AND SMALL COMPUTER 

SYSTEMS 
Here, at last, is a profusely illustrated, 

easy -reading, "must" book explaining funda- 
mental concepts behind operation of 

almost all microcomputers ... in simple 
English ... giving you that extra knowledge 

to read and understand computer magazines 
and manufacturer's literature... and feel 

"at home" around computers. Things like: I How a CPU is organized; how it follows 
sequences of orders to solve problems 

Illustrates basic instructions from 
almost every microcomputer Discusses 

common memory addressing modes - 
illustrates typical uses I What to know to 

tell a computer what to do when using 
machine language programming Use of 

flow charts; program worksheets; hand 
assembly of source codes into object codes; 

memory maps; purpose of Editor, 
Assembler, Monitor. 

Hardcover $14.95. Paperback $9.95 
How a computer communicates 

Commonly used I/O devices and 
operational concepts Practical aspects of 
selecting a small computer system 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! 

y' s(EI3I (OM1IJTER 
CONSULTING INC. 
P.O. 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 subject to change without notice. 
IMPORTANT! Include 750 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 

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 

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 is 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 practical 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. 

Fig. 2..This ultrasonic transmitter employs four NOR gates. 

PARTS LIST FOR FIG: 2 
CI-180-pF (or 330-pF) disc ceramic, póly- 

styrene. glass or silver mica capacitor 
IC I -CD400I quad dual -input NOR gate - 

R I -470.000 -ohm 10%, %-W resistor 
R2-22,0(X)-ohtn 10%. t/4 -W resistor 
R3 -20,000 -ohm linear -taper potentiometer 

SI-Spdt switch 
TR2-Piezoelectric ultrasonic transducer 
Misc.-Printed circuit or perforated hoard; 

suitable enclosure; hook-up wire; do power 
source; machine hardware, etc. 
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BY FORREST M. MIMS 

Micro - 
PROCESSOR 

MICROCOURSE 

THUS 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 Control 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- 

PART 5: THE CONTROL SECTION 
OF PIP -2. 

Lion is merely a binary bit pattern that 
can be interpreted by the control section 
to perfórm 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 microinstructions 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. 

START 

STOP 
CONTROL 

CONTROL ROM 

(16 x 8 BITS) 

MICROINSTRUCTION 
DECODERS 

-BUSY 

OPERATION) SOURCE ) DESTINATION 

CONTROL BOS 

PIP -2, the educational 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 containing the 
microinstructions, the microinstruction 
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 train of pulses 
that cycle PIP -2 through a program. 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 4 2. Fig- 

CONT ROL 
R041 

ADDRESS 
DECO3ER 

CLOCK 

4,1 dJ2 

IR,C INITIATE 

INSTRUCTION 
REGISTER 

AND 
MICROPROGRAM 

COUNTER 

Fig. 1. Organization of the PIP -2 control section. 
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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 0 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. 

NOP 

LDA 

ADD 

JMP 

HLT 

I R'4S 

14.1 

CC . 
4)1 02 

f- 
f 

o 

The instruction register has a couple 
of other control inputs. When IR/W is 

low, a 0 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 

cleared to 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 

< 

Ó 

á 

Fig. 2. Internal details of 
the PIP -2 control section 
showing how the three decoders 
interface with the microprogram 
within the ROM. Here, the ROM 
is shown as a matrix with 0's 
being unconnected junctions 
and 1's having a connection. 

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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(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: 

1 ó 
00 001 001 

Operation field 
Source field 
Destination field 

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 0 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 control 
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. 

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 0 2 clock 
pulse arrives, the instruction register 

4,1 

CLOCK 

4)2 

advanced to the next address in the pro- 
gram memory (which contains the data 
nibble to be loaded into the A register). 
Signal 0 2 is a do-nothing clock pulse 
since there is no data located on the ad- 
dress/data bus. 

The third 0 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 

0 2 arrives, the A register copies the 
contents of the data nibble following the 
LDA op -code in the program memory. 

blow 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 m 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 
0 2 clock pulse is another do-nothing 
pulse. The fifth 0 1 clock pulse ad- 
vances the instruction register to the fi- 
nal LDA microinstruction, 00001001. 

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 - 
code was 1011 or 0101?) 

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 
less than the starting address of the mi- 
croroutine in the control ROM that exe- 
cutes the instruction. When the next 0 1 

clock pulse arrives, the instruction regis- 
ter advarces 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/I control input 
is activated; the program counter is 

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 
0 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/I 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 

LDP 

I R/W 

0001 (OP CODE) 

(DATA) 

PROGRAM 
MEMORY 

RAM/R 

Q 

O 
y 

Fig. 4. This diagram shows the start 
sequence of PIP -2 and the execution 
of LDA, the first instruction in an 
imaginary program. See text for details. 

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. 

If 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) só 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 PÍP-2. Just remember these points: 

1. Be sure to assign the correct op - 
code to each new instruction. Remem- 

ber, the op -code is a binary number that 
is 0001 less 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 
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PIP -2'S MICROROUTINES 

Program Memory 

Mnemónic OP -Code 

Control ROM 
Address Microroutine 

OP.. . S . D 

.Operation 

NOP 1111 0000 01 000 000 PC/I 
0001 00 001 001 RAM/R-> IR/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 0101 0110 00 100 .010 ADD/R-->A/W ,,0111 01 000 000 PC/I 
, 

- 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 01 000 ,- -. 000' 'PC/I 

.. - 
1110 ' 00 ` _,001' - 001 , RAM/R->IR/W 

' HLT 1110 1111 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 this is 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. O 
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CROSSING THE BRIDGE 

T Solid State 

MODERN solid-state equipment designs are often an in- 
teresting blend of the very old with the very new. To 

achieve their goals, engineers frequently employ state-of-the- 
art semiconductor devices in networks which have been in 
use for many decades. Back in 1847, well over a century ago, 
Sir Charles Wheatstone adapted a basic circuit developed by 
S. H. Christie (in 1833) for use in making precision resistance 
measurements. His adaptation of the Christie design has 
been known ever since as the Wheatstone Bridge, and is still 
used today in its original or modified form in equipment and in- 
strument designs. 

(C) (D) 

Fig. 1. Developing the bridge circuit: (A) Basic 
series -parallel network; (B) Meter between common 
point; (C) Nheatstone bridge; (D) Bridged -T network. 

Let's examine the evolution of the bridge circuit. Consider 
the simple network shown in Fig. 1A: just two parallel 
branches, each consisting of two resistors in series. Resistors 
R1 and R2 make up one branch, R3 and R4 the parallel 
branch. Neither a spectacular nor unusual arrangement, but 
consider the potentials at points "X" and "Y" if a voltage is ap- 
plied across the two branches. If R1 and R2 have the same 
resistance ratio as R3 and R4, the relative potentials at "X" 
and "Y" will be the same, regardless of the actual resistance 
values. As an example, if R1 ís a 1000 -ohm unit, R2 is 9000 
ohms, then the voltage at point "X" will equal that at point "Y" 
if R3 is, say, 10,000 ohms and R4 is 90,000 ohms, for both 
branches have the same ratio of 1:9. In practice, this can be 
demonstrated quite easily by connecting a high -impedance 
voltmeter or sensitive galvanometer between the two points, 
as illustrated in Fig. 1 B. 

This. simple fact provided the scientist and engineer with an 
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extremely powerful tool for measuring the value of Unknown 
resistances, for if an accurately known standard resistance 
were used for R3 and means were provided for determining 
the ratio of R1: R2, then R4's value could be calculated easily 
and accurately once the voltage at "X" equalled (or balanced) 
that at "Y," and the balance could be established by adjusting 
the R1:R2ratio. 

So far, so good ... but what, you may wonder, does all of 
this have to do with bridges? Simple-the meter (M) has 
"bridged" corresponding points in two parts of the network, 
and if the basic circuit is redrawn as in Fig. 1C, you'll recog- 
nize the standard form of the Wheatstone bridge. The basic 
design may be used for other than resistance measurements 
if an ac rather than a dc voltage source is used, and if reactive 
elements (inductances and capacitances) are used in the 
arms of the bridge, with a sensitive ac detector substituted for 
the meter. If a series RC network is used in place of R3 and a 
parallel RC network for R4, the arrangement becomes a Wien 
bridge that will "null" (zero voltage between points "X" and 
"Y") at a specific frequency dependent upon the relative RC 
values. The Wien bridge can be used for measuring capaci- 
tances and in other applications. 

Going a step further, a "bridge" circuit need not always be a 
measurement device. It can be another network element, as 
in the bridged -T arrangement shown in Fig. 1 D. Here, R4 is 
the bridging element. Used in attenuators and for impedance 
matching, bridged -T networks also can serve as special-pur- 
pose low- and high -frequency filters if reactive components 
(inductors and/or capacitors) are used in the arms. 

(A) 

(C) 

Fig. 2. Rectifier circuits: (A) Full -wave; 
(B) Modified full -wave; (C) Full -wave bridge. 

In a broad sense, the conventional full -wave rectifier is a 
type of "bridge" circuit, for the dc load serves as a bridge be- 
tween the transformer center tap (CT) and the corresponding 
junction between two rectifiers (01 and D2), as illustrated in 

POPULAR ELECTRONICS 

AmericanRadioHistory.Com



(4) 

(B) 

Fig. 3. Using a 
bridge rectifier to 
control an ac load: 
(A) Transistor 
control; (B) SCR 
control. 

CONTROL 

Fig. 4. Using a bridge rectifier 
as an automatic polarity switch. 

Fig. 2A. If the transformer secondary has no center tap, an ar- 

tificial center may be set up by using two resistors of equal 
value (R1 and R2) as in Fig. 2B. Unfortunately, while this ar- 
rangement will provide full -wave rectification, it is rather ineffi- 
cient. Resistors R1 and R2 place a constant drain on the 
transformer, whether or not current is required by the load 

and, in addition, extra power is dissipated in the resistors as 

load current increases. These disadvantages may be offset 
by replacing R1 and R2 with additional rectifier diodes D3 and 
D4, as shown in Fig 2C, and, of course, we now have the 
widely used bridge rectifier. Note the configuration's overall 
similarity to the original Wheatstone bridge. 

Although the bridge rectifier's primary application is as an 

ac -to -dc converter, it can be used in other ways. The amount 
of ac drawn from the source, whether a transformer second- 
ary or the power line, is directly proportional to the dc load; the 
greater the load current, the greater the ac, and vice -versa. 
This characteristic can be utilized to control the current 
through an ac load, such as a motor, solenoid, or incandes- 
cent lamp. Simply connect the ac load in series with a suitable 
bridge rectifier and provide a variable dc load, such as a pow- 
er transistor or SCR, as illustrated in Fig. 3A and 3B, respec- 
tively. Both are useful techniques to remember if you don't 
have a Triac handy. 

Another interesting application for the bridge rectifier is giv- 
en in Fig. 4. Here, the bridge rectifier is connected between a 

dc source and a dc load (such as a CB transceiver, battery op- 
erated amplifier, or similar unit), insuring that the correct pola- 
rity will be applied to the equipment regardless of the original 
source connections. This is an inexpensive precaution for 
equipment which may be installed incorrectly. 

A useful and versatile arrangement, the bridge rectifier is by 
no means the only application for the bridge concept in mod- 
ern solid-state circuit designs. Another useful application is 

shown in Fig. 5. Here, the inputs of a conventional op amp are 
connected across the two branches of an RC Wien bridge, 

Il 
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Fig. 5. In this circuit, 
the inputs of an op ump 
are connected across the 
brunches of un RC Wein 
bridge with the output 
furnishing ac drive. 

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 /(2Tr 
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- µF 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 a type 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 1/ -or /- 
watt types, while the tuning capacitors should be high quality, 
low -voltage ceramic or plastic film types. The dc source volt- 
age (Vcc) 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 
impossible AGAIN. 
A superior 
frequency counter 
kit for only $89.95 
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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 LSI 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 12 /25 pF or 50S? 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: 9-15 VDC. 

To order your Model 8100 Frequency Counter: Use your Master 
Charge or Visa, or send $89.95 plus $5.000 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 (RL) 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-µF 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 220-11F 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 pert 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. 
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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 voltage 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, Si through SN. The required 
capacitor value will vary somewhat with the gate sensitivity of 

the SCR used but, generally, will range from 0.05 µF to about 
0.5 µF although a small electrolytic of 1 to 5 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. 
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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, Cl will charge and this current surge will fire 
SCR1, sounding the alarm. 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 reliable, 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., one in which a small current flows at all times, 
so that any break (as by a burglar cutting wires) will result in 
an alarm. 

r 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 
(Si to SN) are wired in series, requiring a single lead alarm 
line. A current -limiting resistor (R1) is needed, but, generally, 
Cl is no longer required and may be eliminated (as shown by 
the dotted line connection). A half -watt resistor, RI'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 RI's value. 

In operation, a small current flows through RI 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- 

ductor Corporation (2900 Semiconductor Drive, Santa Clara, 
CA 95051) announced a new 31/2 -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 can 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 
+5 V, -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/µs equalization, a noise voltage of only 2.0 µV 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 1.LA78C 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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Hobby Scenes 

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, YA. 
A. The key word in your question is "de- 
cent." I 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 

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. 

Now, why use a 3.579545 -MHz crys- 

tal and a modulus of 59,659? I 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 LSI 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. I 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, I 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 ís 
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. I 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 

does not conduct exactly fcr 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. 
I suspect that they are beinc 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-µF 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 circuitry, 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 

ANNOUNC NG 
. A New 

CREÍ Program: 
`nicomputer & 

Microproc 
Technology 

Including A 
1!croproc., 

Laboratory 

- 

Now you can learn at home 
the new technology that is 
revolutionizing electronics 

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 
exper'ence 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 CRE1'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. 
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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 CREI. 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, you 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 
An exclusive 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. It 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 offers this unique 
Lab Program. 

Practical 
Engineering 
CREI programs give you a practical en- 
gineering knowledge of electronics. That 
is, each 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 yoúr in- 
creased knowledge to your employer, 
you may qualify for faster career ad- 
vancement. 

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 a 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 

rid ;CREI: : collegé -lével 
programsjn electronics 
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McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 
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DIGITAL TO ANALOG CONVERTERS, PART 1 

ALMOST 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 

DIG /TAL 
CONTROLLER B 

By Forrest M. Mims 

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 

D/G/rAL-To-ANALOG 
CONVERTER --.- , 

oUTP(/T 
VOLTNGE 

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 digital 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. 

LEA5r 
5/GN/F/CAN7- 

B/r g/z 

.5/6/11411-T- 
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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- 
allel 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 (81o), 22 
(410), 21 (210) and 20 (110). If the lowest 
order (20) 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 

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 

TO 
OP -AM/ 

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: 
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Voltage Out 
.00 
.57 

1.12 
1.69 
2.19 
2.76 
3.32 
3.89 
4.50 
5.06 
5.60 
6.15 
6.69 
7.78 
7.82 
8.40 

graph in Fig. 5. As you can see, the re- 

VOLTMETER 

p -Mos7 s/6N/F/C. Nr 9/r 
/7 -LEAST 5/6A//F/CANT 5/7 - 

Fig. 4. D/A demonstrator circuit. 

K /000 

O/// 

O//O 

0/0/ 

0/00 

00// 

00/O 

000/ 

0000 

Binary In 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 

1010 
1011 
1100 
1101 
1110 
1111 

sponse of the circuit is reascnably lin- 

ear, even though I used 10% tolerance 
resistors. Commercial D/A converters 
are made with resistors having toler- 
ances of 1% or better. When very close 
tolerances are necessary fDr super - 
accurate D/A converters, a pLIsed laser 
is used to vaporize minute portions of 

the carbon .or metal -film resistive ele- 
ments until the exact values required are 
obtained. 

It's handy to be able to predict in 

advance the analog voltage output for a 

specific input bit pattern. The weighting 
factors for our 4 -bit network are: 

Most Significant Bit - 
23 = 1/2 Reference Voltage 

The output of the circuit is plotted on a 22 = 1/4 " 
21 = 1/8 

Least Significant Bit - 
20 = 1/16 Reference Voltage 

To calculate the analog output, simply 
multiply the reference voltage by the 
weighting factor for each bit portion with 
a 1 and sum the products. Thus 1 100 is: 

1-1/2 x 9 = 4.50 
1-1/4 x 9 = 2.25 
0- 0 0 

0- 0 0 
6.75 volts 

The calculated analog output, 6.75 volts, 
is only 0.06 volt higher than the value 

measured with the prototype circuit. 
That's an error of less than 1%! 

u 5 
vOLTS OUT 

Fig. 5. Voltage output vs. binary input for Fig. 4. 
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Product 
Test Report 

SONY MODEL ICB-1020 PORTABLE CB TRANSCEIVER 

Hand-held AM, 40 -channel transceiver has 1-W r -f power and hot front end. 

f` V_ 
bxy I 

P"' Ji 

The hand-held Model ICB-1020 AM 
transceiver from Sony uses the lat- 

est in phase -locked -loop (PLL) synthe- 
sizers to provide coverage on all 40 CB 
chanriéls. It is powered by eight AA cells 
that fit within its housing and has provi- 
sions for obtaining power from a 12 -volt 
mobile electrical system and, with an 
adapter, standard 117 -volt ac line pow- 
er. Whichever power source is used, the 
rated r -f output power from the transmit- 
ter is 1 watt. 

The transceiver provides: VOLUME 
and SQUELCH controls; separate POWER 
switch with power ON and cH-9 positions 
(the latter bypasses all channels for in- 
stantaneous access of channel 9); ear- 
phone, external Mic, and accessory 
power jacks; and a large S/r-f/battery 
condition meter. 

The walkie-talkie type transcéiver 
measures 10543"L x 41/2"W x 3518"D (27 
x 11.4 x 9.2 cm) and weighs 2.75 lb 
(1.25 kg). Its suggested retail price is 
$174.95. 
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General Description. We did not re- 
ceive a schematic diagram for the trans- 
ceiver, nor were we able to determine 
much of the circuitry by visual observa- 
tion. From what we could observé, how- 
ever, the recéiver employs double -con- 
version to i-f's at 10,695 and 455 kHz, 
with selectivity obtained at the latter. 

The PLL system is more or less stan- 
dard. It engages a 10,240 -kHz crystal 
signal from which the standard refer- 
ence is derived and which also is used 
for the second -conversion oscillator. 
The technique used is to have the volt- 
age -controlled oscillator (vco) used for 
the first conversion on the low side of the 
CB signal instead of the upper side. This 
ensures better image rejection and a re- 
duced chance of adverse receiver -to - 
antenna or case radiation on vhf. 

The transmitter carrier is derived from 
the PLL system. It is amplified and 
raised to a high-level output by a power 
amplifier, where a multisection network 
matches the output to the telescoping 
antenna built into the transceiver. As 
usual, the driver and power -amplifier 
stages are collector modulated. 

The case of the transceiver is de- 
signed along the lines of a handset. The 
speaker is at the top end and is 
equipped with a cushioned pad for com- 
fortable listening. Even so, sufficient au- 
dio level is available to seldom require 
ear -contact listening. 

At the center of the case is a small 
hinged panel that can be depressed to 
activate the transmitter. Slightly re- 
cessed in the center of this panel is the 
channel selector with an easy -to -grip 
operating bar. The channel numerals 
around the periphery of the selector are 
small but easy to read. 

The power switch is a three -position 
lever located on the right side of the 
transceiver's case. Pushing the lever 
one position forward powers the trans- 
ceiver. Pushing the lever to its third posi- 

tion immediately switches the system to 
channel 9, at which time, a tiny LED 
comes on at the channel -9 position of 
the selector switch. Pulling the lever 
back orle position cuts out channel 9 

and reinstates operation on the channel 
to which the channel selector is set. This 
is a convenience for occasional monitor- 
ing of channel 9 without disturbing nor- 
mal operation and for quickly accessing 
the channel in an emergency. 

The large round-faced meter, calibrat- 
ed from Si to S9 for receiving, is excep- 
tionally readable. Colored portions of the 
meter scale indicate battery condition 
and the proper modulating levels. 

A "lip" type microphone is built into 
the bottom of the transceiver's case. 
This is backed up by an external -micro- 
phone jack that can be more conven- 
iently used in fixed and base -station lo- 
cations with an accessory mike. 

At the bottom of the case are located 
the VOLUME and SQUELCH controls. The 
jacks for external facilities are on the 
right side of the case and are protected 
by a rubberized cover. The two halves of 
the case are also sealed with a weather- 
proof Neoprene gasket. 

The antenna is on the left side of the 
case. It is a swivel telescoping whip that 
can lock in any orientation between ver- 
tical and horizontal. When not in use, the 
antenna stows along the side of the 
case, where a retaining clip holds it. 

The batteries that power the trans- 
ceiver install in a plastic holder that in- 
serts and locks into a cavity at the lower 
end of the case. This arrangement elimi- 
nates the need to open the case to 
change batteries. 

Laboratory Measurements. The 
transmitter developed a nominal 1 -watt 
output on our test bench. It is presumed 
that to conform with FCC type -accept- 
ance requirements, some form of auto- 
matic modulation control (amc) is used. 
However, we discovered that overmodu- 
lation at greater than 100% of the nega- 
tive -modulation peaks occurred when 
speaking into the microphone at very 
close range. Even so, adjacent -channel 
splatter with voice was a minimum of 55 
dB down. 

The 6 -dB down audio response on 
transmit was a nominal 300 to 2200 Hz. 
In on -the -air tests, the signal sounded 
exceptionally clean and crisp. The r -f 
output frequency's tolerance held to 
within -*5 Hz on all channels, centered 
at +270 Hz. 

Measurements on the receiver were 
quite difficult to perform because the 
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telescóping antenna is permanently at- 
tached to the transceiver, allowing inter- 
ference from CB signals almost continu- 
ously. We did, however, manage to 
squeeze in most tests, but our results 
must be viewed as nominal values. 

The receiver's sensitivity was 0.5 µV 
for 10 dB (S + N)/N at 30% modulation 
and 1000 Hz. Listening tests indicated 
that this figure would have been even 
better under ideal laboratory test condi- 
tions. The maximum squelch threshold 
sensitivity measured 0.5 microvolts, 
while the meter registered S9 with a 

300 -microvolt input. 
Image and i -f rejection were an excel- 

lent 80 dB, while other unwanted -signal 
rejection (mostly due to overloading) 
was 55 to 60 dB. Adjacent -channel re- 
jection and desensitization was 55 to 60 
dB. Translated into signal strength, de- 
sensitization occured with a nominal 
1000-µV signal, which is also the level 
required to produce overload re- 
sponses. 

The 6 -dB down audio response was 
225 to 2300 Hz, and the audio output 
power with a 1000 -Hz tone into a 4 -ohm 
speaker was 250 mW with a sine wave 
at 3.5% THD and 340 mW at 10% THD 
with slight clipping. 

We were unable to obtain an accurate 
determination of the agc characteristic 
because the permanently attached an- 
tenna picked up case or lead radiation 
from our signal generators. However, 
listening tests indicated about a 10 -dB 
audio output variation over a 60 -dB input 
range at 10 to 10,000 µV. 

The receiver drew about 70 milli- 
amperes with no input signal. On trans- 
mit and without modulation, the drain 
was 250 milliamperes. 

User Comment. This transceiver has 
a really high -quality professional look 
and feel about it. Its workmanship re- 
minds one of a fine camera's. 

We noted that the transceiver does 
not employ a noise -limiting system. 
However, the service for which the 
transceiver was designed does not gen- 
erally require one. 

To summarize, this is one of the finest 
transceivers we have ever used, both in 

appearance and in performance. It has a 

really "hot" receiving section and signal 
delivery that comes up to all our expec- 
tations for a 1 -watt transmitter working 
into a limited antenna system. Reliable 
communication coverage can be main- 
tained over a 1 -to -5 -mile range, depend- 
ing on terrain and location. 

4r;. 
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CB Scene 

INSIDE A SIDEBAND CLUB 
THE WHISPERS started as soon as I 

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, I assured at- 
tendees that I 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, I 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, I 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 lócal 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 
86 POPULAR ELECTRONICS 

By PE Editorial Staff 

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?" I in- 
nocently asked. After a spate of "What's 
a linear?" responses, I 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. 

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 "rolled 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 IV" and "PDL-II," 
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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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 
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 

BEST IN 'NEW ELECTRONICSBOOKS! 
o The Handbook of Telephones & Accessories. 432 p., 215 il. 59.95 
O Install Electronic in Cars, Boats. Plane s,Trucks & RV's. 364 p.57.95 

The BASIC Cookbook. 140 p. 54.95 
How to Repair Video Games. 270 p., 182 il. $7.95 

O Beginner's Gde.-Designing/Building Trans. Radios. 140 p. 54.95 
101 Practical Uses for Propane Torches. 140 p., 98 11. $3.95 
Towers International FET Selector. 140 p. 54.95 
How to Design/Build Electr. Instrumentation. 420 p., 210 11.$9.95 
Automotive Air Conditioning Handbook. 280., 157 il. $6.95 

O How to Repair Movie & Slide Projectors. 304 p., 270 i1. 57.95 

O Close. -Circuit TY Instil., Mainten., & Repair. 304 p., 220 il. $8.95 
Understanding Sound, Video & Film Recording. 140 p., 74 il. $5.95 
Build -It Book of Solar Heating Projects. 196 p.. 111 il. $4.95 
Hdbk. of Solar Flare Monitoring/Propag. Forecasting. 196 p. $6.95 
51 Practical Programs & Games In BASIC. 210 p., 611 il. $7.95 

O Beginner's Guide to Microprocessors. 182 p., 106 II. $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., 67 il. 05.95 

Complete Hdbk. of Public Address Sound Systems. 272 p. $1.95 
Modem Transistor Radios. 64 p.. 112 II. $2.50 

O Microwave Oven Service & Repair. 420 p., 210 il. $9.95 
IC Function Locator. 224 p. $5.95 
Hdbk. of Marine Electronic/Electrical 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 il. $895 
How to Completely Secure Your Home. 224 p., 162 il. $5.95 
Towers' International Transistor Selector. 200 p., 179 II. $6.95 

O Ham Radio Incentive Licensing Guide. 154 p., 70 11. $4.95 

O Programming Microprocessors. 280 p., 102 H. $6.95 

The "Compulator" Book -Build Super Calculators/Minicomputer 
Hardware with Calculator Chips. 312 p., 227 II. $7.95 

O Master Transistor/IC Substitution Handbook. 518 p., 165 11. $7.95 
Modern Crystal Radios (Make and Use Series). 64 p., 101 11.52.50 

Home -Brew HF/VHF Antenna Handbook. 210 p., 143 il. $5.95 
CBer's Handy Manual of SSB. 80 p., 42 II. $2.25 
Beginner's Gde.-Making Electronic Gadgets. 140 p.. 113 iI.S4.95 
Modern Digital Communications. 308 p., 122 II. $6.95 
Microprocessor Progr.-Computer Hobbyists. 318 p., 219 i1. $8.95 

O lllus.Oict.-Broadcast-CATV-Telecommunications. 420 p. $8.95 
Linear IC Applications Handbook. 280 p., 183 it. ' $6.95 
Build -It Book of Optoelectronic Projects. 238 p., 175 H. $5.95 
Photo Guide to AM/FM Stereo Repair. 288 p.. 281 il. $6.95 
Servicing Medical & Pioelectranic Equipment. 350 p., 165 il. $8.95 
How to Use AF & RF Signal Generators. 238 p., 162 il. $5.95 
Model Railroad Electronics. 308 p.. 218 $5.95 
The ABC Book of Hl-Fi/Audio Projects. 182 p., 131 il. $4.95 
Complete Hdbk. of Electrical/House Wiring. 476 p., 197 i1. $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. 

$5.950Vol.l Capehart, Zenith.Vol.2 Channel Master,Coronado, 
Hitachi.Vol.3 Automatic Radio, Admiral, Midland, Sharp. 

SEND NO MONEY! We'll invoice you on 10 -DAY FREE TRIAL. Clip 
entire ad to order 100% guaranteed or your money refunded 

TAB BOOKS ,111:1,-.! SUMMIT. PA. 17214 

CIRCLE NO 48 ON FREE INFORMATION CARD 

John Simonton'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 any wonder why we' ve sold thousands? 

t) Send the GNOME MICRO -SYNTHESIZER Kit 
($48.95 plus $2e9 postage) 

I Send FREE CATALOG ®' 
name: 

address: 

city: state:_ zip: 

BAC/VISA_ MC_ card no. 

cot out & mail to: (405) 843-9626 
DEPT. 7-1' 
1020 W WILSHIRE,OKLAHOMA CITY, OK 73116 

CIRCLE NO 34 ON FREE INFORMATION CARD 
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I _ _ Computer Bits 
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COMPUTER ARITHMETIC 

ASK 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 
opérations 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. It is a common practice in such 
software packages to define "registers" 
for multiple precision numbers in main 
memory. At least two registers are typi- 
cally needed; the left operand, and the 
right operand, quite analogous to the 
equivalent operation done on paper. 
88 
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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- 

derflow. 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 
árithmetic 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 result 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 56 
+0FE534B3 OF E5 34 B3 

125E4709 1 0 1 04-C=0 
C=0 4--- 012`15E 047C109 

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 
#$FF" instruction, is all that is necessary 
to invert it. 

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 multiple -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. O 

THE '(TIKRocoínPl TER. 1ART 
COMPUTER RETAIL STORES 

CALIFORNIA 
Byte Shop #1 
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, Illinois 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 

NEW YORK 
Byte Shop of Long Island 
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 
Sources - 

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 sheet to be in- 
serted, and issue a form -feed at the bottom of 
the page; or it can exit back to the iCOM 
FDOS II or FDOS Ill operating system. Other 
features include: page -top and page -bottom 
titling, 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 a driver 
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 fur $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 S4, 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 I/O Monitor. XIM 
(Extended I/O 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 ASCII 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. 

JULY KIT 
SAVE ON MICROCOMPUTER KITS 
EVK-300K Now only $299.00 
Includes PC board and all MOS and TTL components necessary to as- 
semble a complete 6800 -based microcomputer: S6800 MPU, 2K bytes 
ROM, 512 bytes EPROM, 1 K bytes RAM, ACTA with TTYor RS -232C 
interface, Tiny Basic on paper tape. ROM resident PROTO monitor. 
M/AD micro-assembler/disassemhler, and more. 

EVK-99K Now only $99.00 
Includes PC hoard, S6800 MPU, and $6800 MOS components only. 
Add your own additional components to get the EVK-3000K features. 

Save onTouchControl'M Kits TCK- 100 Now only $17.50 
Includes $9263 TouchControP circuit and PC board with 16 touch 

switches etched into top surface. All interconnections to " drive LEDs or external circuits included on PC hoard 
for true non-moving TouchControl So itching. 

Added bonus -free copy of TouchControl 
mini -organ schematic diagram. 

All kits include assembly and in- 
struction manuals and have full 90 - 
day warranty from AM I. 

I can't pass up a sale like this one! Please send me 
EVK-300K EVK-99K TCK-I00 
I am enclosing check/money order for $ and $3.00 handling 
charge. (California residents include appropriate sales tax.) 

Ntme 

Address 

City/State/Zip 

Mail to: AMI, 3800 Homestead Road 
Santa Clara CA 95051 
Attn: Order Entry Dept. 

® 

AAtERICAN MICROSYSTEMS. INC J 
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Our new Bearcat° 250 
has all the fantastic space age features of our super 
popular Bearcat° 210, but now we've added: 

50 synthesized crystalless channels 
User selectable scanning speeds 
Priority channel 
Digital time clock-accurate to seconds 
Automatic or user controlled squelch 
Search Direction-Search "up" or "down" 
for quicker return to desired frequencies 
Transmission activity counter-tells you 
how busy each frequency has been 
Search & Store-Will find and "remember" 
up to 64 active frequencies for later recall 
Direct channel select-Advance directly to a 
channel without stepping through interim channels 
Non volatile memory-No batteries required to 
retain memory, even when scanner is unplugged 
Auxiliary-On/Off control of equipment (tape 
deck, alarms, lights, etc.) when transmissions 
occur on programmed channels 

To reserve your space-age Bearcat° 250 and 
receive your order priority number for spring - 
summer delivery, send $389.00 plus $5.00 for U.S. 
U.P.S. shipping. Foreign orders invited at slightly 
higher cost. Visa and Master Charge card holders 
may call toll free 800-521-4414 to order. Outside 
the U.S. and Michigan dial 313-994-4441. To 
order by mail or for a free catalog completely 
describing the fantastic crystalless Rearcat® 250 
write: COMMUNICATIONS ELECTRONICS, Box 
1002-Dept. 7, An n Arbor, Michigan 48106 U.S.A. 

.1978 Communications Electronics] 

For more 
information 
on 

advertised 
products, 
equipment 
tested, etc., 
circle 

appropriate 
number 
on 

postpaid 
Free 

Information 
Card. 

CIRCLE N0. 2 ON FREE INFORMATION CARD 
CIRCLE NO 53 ON FREE INFORMATION CARO POPULAR ELECTRONICS 
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Nó.TPáits;PIãëé adiO-;Shack: . P2 

Buy .Off -the -Shelf!: Low Prices! ..Huge Selection! - 

m 

Top-quality devices, fully functional, carefully inspected. Guaranteed to turer's quality control procedures. These are not rejects, not fallouts, not 111.1 

meet all specifications, both electrically and mechanically. All are made seconds. In fact, there are none better on the market! Always count on , 

R 

by well-known American manufacturers, and all have to pass manufac- Radio Shack for the finest quality electronic parts. 

Wire Wrapping Accessories Linear ICs 
By National Semiconductor 
and Motorola -first quality 

Type Cat. No. ONLY 

301CN 
324N 
339N 
386CN 
555CN 
556CN 
566CN 
567CN 
723CN 
741CN 
74tH 
3900N 
3909N 
3911N 
4558CN 
75491 
75492 
7805 
7812 
7815 

276-017 495 
276-1711 1.49 
276.1712 1.49 
276-1731 995 
276-1723 79C 
276-1728 1.39 
276-1724 1.69 
276.1721 1.99 
276-1740 695 
276-007 490 
276-010 490 
276-1713 995 
276-1705 990 
276-1706 1.99 
276-038 790 
276-1701 99C 
276-1702 990 
276-1770 1.29 
276-1771 1.29 
276-1772 1.29 

SALE Computer 
Chip 

8 -Bit Data Bus, 
16 -Bit Address Bus 
8080A Microprocessor. 100% prime 
CPU handles up to 65K bytes memory. 
276-2510. Reg. 17.95 Sale 12.95 

RAM Memory IC 

Under 450 nS 
Access Time 

2102 1K Static RAM. Low power ver- 
sion. 16 -pin DIP. Buy 8 and savet 
276-2501 2.49 Ea. or 8/14.95 

TTL and 
CMOS Logic ICs 

Full -Spec Devices AA 

Direct from ' \ Motorola and I ' 

National Semiconductor 

Type Cat. No. ONLY 

7400 
7402 
7404 
7406 
7410 
7413 
7420 
7427 
7432 
7441 
7447 
7448 
7451 
7473 
7474 
7475 
7476 
7485 
7486 
7490 
7492 
74123 
74145 
74150 
74154 
74192 
74193 
74194 
74196 
4001 
4011 
4013 
4017 
4020 
4027 
4049 
4050 
4511 
4518 

276-1801 355 
276-1811 39C 
276-1802 35C 
276-1821 49C 
276-1807 39C 
276-1815 79C 
276-1809 39C 
276-1823 49C 
276-1824 495 
276.1804 99C 
276-1805 990 
276-1816 990 
276-1825 39C 
276-1803 491 
276-1818 49C 
276-1806 79C 
276-1813 59C 
276-1826 1.19 
276-1827 490 
276-1808 79C 
276-1819 690 
276-1817 995 
276-1828 1.19 
276-1829 1.39 
276-1834 1.29 
276-1831 1.19 
276-1820 1.19 
276-1832 1.19 
276-1833 1.29 
276-2401 490 
276-2411 490 
276-2413 89C 
276-2417 1.49 
276-2420 1.49 
276-2427 890 
276-2449 69C 
276-2450 690 
276.2447 1.69 
276-2490 1.49 

aA 
NEW 

>HEIN-EEL 
- 7 

rCOR 
'nCl 

' . 
BONUS OFFER ([7 

Only 990 
With Any $5 

'S _.Parts Purchase] 

REGULARLY $1.95. Archery Semiconductor 
Reference and Application Handbook. Com- 
plete specs and application data on every 
Archer semiconductor -display devices, too! 
46,000 cross-reference/substitution listings 
plus glossary of words, symbols, abbreviations. 
276-4002 ... With Any $5 Parts Purchase, Only 994 

Offer good at participating Radio Shack stores and dealers 

- 0 
Z 

IC Socket Wrapping Tool. Strips and wraps 0-gau e 

wire. 2-1 
Wire 

0 1.29 
14-Pln W Wrapping Sockets. 276-1993 2/1.29 
16 -Pin Wire Wrapping Sockets. 276-1994 .... 2/1.39 
DIP Header. 16 pins. 276.1980 1 29 - 

50' fled 30-gq . Kynar Wire. 278-501 1.99 . 

50' While 30-ga. boar Wire. 278-502 1 99 

50' Blue 30-ga. Kynar Wire. 278-503 1 99 

Trim Multi -Purpose Cabinets 
,w 

¡ o rt 

SALE 
Compact. Makes even your small projects look professional. 

5r/ex9x41/4". 27e-281 10.95 

CI Low -Profile. Slim -design - only 5'/ex11Rhx3'/z". 
270-282. Reg. 14.95 Sale 12.95 

SALE LED Digital Displays 

E trj7. O 

_ i1 it if Í. I' ii ! NiFft~~' 
© 

Digits 
31 1 

1 

Al 1 

at 

Size Drive Cat. No. Reg. SALE Digits Size Drive Cat. No. Reg. SALE 

0.6" Anod. 
0-6" Cath. 
0.3- Anod. 

Cath. 

276-056 
276-066 
276-053 
276-062 

2.99 
2.99 
1.99 
1.99 

2.29 
2.29 
1.49 
1.49 

MA1003 Automotive 
Clock Module 

Just add switches and installl 12 -hour readout, 
0.3" digits, =0.5 sec./day accuracy. 12VDC. 
277-1003. Reg. 24.95 Sale 19.95 

GE 1 0.3" Anod. 276-1210 4/6.99 4/5.49 
m 1 0.3" Cath. 276-1211 4/6.99 4/5.49 
III 4 0.5" Anod. 276.1201 6.95 4.88 
m 4 0.5" Cath. 276-1202 6.95 4.88 

SALE Right -Angle - 

IC Socket 
Perfect for 
Mounting 
Digital 
Displays 

Really simplifies digital projects! 
Mount LED displays for easy viewing 
on circuit boards. 14 -pin spacing. 
276-1985. Reg. 1.49 Sale 99C 

Archer® Project -Boards - Predrilled PCB's 

5 . 

. ! I"remx1W 
110.1 et 1lpute Nk,1Vh1 

SALE. ¢. NEW 
Time Base Generator. Built-in 10 Mlk xtal or 5V, 3 -Amp Power Supply. Metered output 
ext. input. Decade selector. switch. TTL out- Current. foldback limiting. Remote sensing. 
put. Requires 5VDC. Reg. 55.99: For all 5V TTL projects. 
277-115. (PCB less parts) . Sale 3.99 277-119 (PCB less parts) 7.95 

Shown Built with Recommended Parts and Cases 

Full -Wave 
Bridge Rectifiers 

11 1 

e 

O 1 -Amp, 50 PIV. Mini DIP fits 
PCB or 8 and 14 -pin sockets. 
276-1161 690 
O 6 -Amp, 50 PIV. Heavy-duty 
leads, heat sink mtg. hole. 
276-1180 1 99 

Mike 
Elements 

k 

Dynamic. Tiny yet delivers 
80-10.000 Hz response. -65 
dB. 200 ohms. 4/4x'/e" 
270-093 169 
Hi -Z Crystal. 50-8000 Hz re- 
sponse. -55 dB. 11/zx13/4". 

270-095 1 39 

WHY WAIT FOR MA L ORDER DELIVERY? 
IN STOCK NOW AT OUR STORE NEAR YOU! 

SALE 2 -Foot 
- Mini Test Clips 

r -- 

Red. Reg. 1.99 
278-1158 Sale 1.49 
Black. Reg. 1.99 
278.1159 Sale 1.49 

35VDC 
Electrolytic Pak 

Package of 10 with two of each 
value: 4.7, 10, 25, 50 and 100 µF. 
PC mounting. 272-1035 2 99 

adze IhaeK 

go 

Prices may vary at individual stores and dealers 

JULY 1978 
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SN1400N 

SN7401N 
SN7402N 
51174036 

SN7404N 

SN7405N 
51174066 
597407N 

SN7408N 
59174099 

sN7410N 
5674119 
5N7412N 
5N1413N 
5N74IAN 
SN7416N 
SN1411N 
SN7420N 
SN7421N 
SN7422N 
SN7423N 
5674259 
5N7426N 
5N7427N 
SN7429N 
5N7430N 
SN7432N 
SN7137N 
SN7438N 
SN7439N 
9174400 
SN7441N 
SN7442N 
SN7443N 
SN7444N 
SN7445N 
SN7146N 
6117147% 

51174486 

SN7450N 
SN7451N 

SN7453N 
597454N 

59174594 

5674609 
SN7470N 29 

7400 TTL 

5N7412N 29 
5N7473N 35 

SN7414N 35 
18 5N7415N 9 

20 5N7476N 35 
19 SN1479N 5.00 
79 SN1480N 50 

20 SN7482N 99 

501483N .59 
SN7485N .79 

SN74860 .35 
25 SN74899 1.15 
40 5N1490N 4S 

.70 917491N 59 
OS SN7492N 43 
25 SN7493N .43 
70 SN1494N 65 
29 SN7495N .65 
39 5N7496N 65 

.25 597497N 3 00 
29 SN74100N 89 
29 SN74107N .35 
25 S1174109N .59 
39 5N74116N 1.95 
20 SN74121N 35 

.25 SN74122N 19 

25 56141736 .19 
25 S971I25N .49 
25 5N74126N .19 

20 SN74132N 75 

;9 SN74136N 75 
49 56741416 79 
75 S6741425 2.95 
75 567414311 2.95 
75 5N14141N 2,95 
69 SN74145N .79 
59 SN74141N 1 95 

.79 SN74148N 129 
20 5674150N .89 
20 SN74151N 59 

.20 SN74153N .59 

20 5N74154N .99 
25 SN74ISSN 79 

20 5N 74156N .79 

91741576 .65 

16 

18 

18 

18 

20 

is 

SN74160N 89 

5674161N 89 

SN74162N 195 
55741639 89 

5974164N 89 

SN741659 89 

SN741666i 1 25 

5N74167N 1 95 

5971109 1.59 

59741729 6.00 

SN74173N 1 25 

SN74174N 89 

591141154 79 

SN71176N 79 

SN74171N 79 

5117,11799 I 95 

5674180N 79 

9174181N I 95 

5674192N 79 

SN74184N 1 95 

$61418511 1.95 

597418611 9.95 

SN74188N 3 95 

S1474190N 1 25 

SN74191N 1 25 

54174192N 79 

5N74193N 79 

SN741949 89 

SN71195N 69 

591741966 89 

SN74I91N 89 

5N74198N I 49 

SNP 199N 149 
SN14200N 5 59 
S974251N 179 
SN74279N 79 

SN712530 7 25 

SN74284N 3 95 

SN74285N 3 95 

5N74365N 69 

S1143660 69 

SN74367N 69 

SN74368N 69 

S91743909 1 95 

SN74393N I 95 

BUGB00K1' 
Continuing Education Series %o`¡ 

THE 555 TIMER APPLICATIONS 

SOURCEBOOK WITH EXPERIMENTS 
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95.00 CMOS-M - DESIGNERS PRIMER 98.50 

am m oa0o ANO HANDBOOK Neo expanded version 
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WIRE -WRAP KIT - WK -2-W 
WRAP STRIP UNWRAP 

Tool for 30 AWG Wire 

Roll of 50 Ft. White or Blue 30 AWG Wire 
50 pcs. each 1", 2". 3" 8 4" lengths - 
pre -stripped wire. 

$12.95 

WIRE WRAP TOOL WSU-30 
WRAP STRIP UNWRAP 36.95 

WIRE WRAP WIRE - 30 AWG 
25 h- min. 51.25 50 ft. $1.95 100 h. 52.95 100011315.00 
SPECIFY COLOR,- White - Yellow - Red Green - Blue Black 

WIRE DISPENSER - WD -30 
50 ft. roll 30 AWG KYNAR wire wrap wire $3.95 ea. 
Cuts wire to desired length 
Strips 1 of insulation Specify - Blue -Yellow -White -Red 

"REPLACEMENT DISPENSER SPOOLS FOR WD 30 

Specify blue, yellow, white or red $1.98/spool 
COMPLETE MANUAL FOR DIGITAL CLOCKS by John Weiss and John Brooks 
Famlharaes technician or hobbyist 0,33 basic theories benmd digital cocas includes 1/04018 shooting guides. basic 
Curacte05ucs 01 clocks, soidenng 1)411191 s. 01011 component data sneers and canstruonOn lips 23.95 

XC209 
XC209 
XC209 
XC209 

XC22 
XC21 

XC22 
XC22 

SSL722 

125" da. 411 Roc SI51 

Green 51 

Orange 451 
Yellow 4-51 

209" ale 
Red 

Green 
Yellow 

Orange 
RI 

DISCRETE LEDS 

XC111 

XCIII 
XCIII 
XCIII 

.200' die. 
.185" Ma. 00556 Reo 5151 

5/51 XC526 Red 511 XC556 Red 100/58 
4/51 00526 Red 00/58 82556 Green 4.51 
4 51 00526 Green 1/51 X0556 Yellow 4 51 

411 x0526 Yeuow 4,51 x0556 Orange 1151 

4151 KC525 Cieai 4/51 X0556 Clear 711 

.190" dia. 
Ref 5/51 
Diem 4/Sl 
Yellow 4/51 

Orange 4/51 
.055" dla. 

74050 . meo 611 
170- 014. 

MVIO Red 4/51 

IN.-RA-LEÓ 

Fiar 5/31.00 

XRtion $14.95 

EX A 
RKR220eKB S19.95 

Function Generator Kit Function Generator Kit 
Board(inCludeS chip, P.C. OncluOes all components, 
Board and instructions) P.C. Board and instructions) 

XR-L555 S1.50 
Micro -Power version of the 
popular 555 Timer and directly 
Interchangeable. Dissipates 
1/15th the power and operates 
down to 2.7 volts. Perfect for 
battery operation and CMOS cir- 
cuits. 

x92242CP 51.50 
Precision timing circuit for 
generating timing pulses in mi- 
nutes, hours and days or up to 
1 year by using two. Reduces 
cost of time delay orcues. Basic 
555 Timer with built-in El -bit 
Counter. 

CD4000 
C01001 
004002 
CD4006 

CD4007 
C04009 
Coloro 
C0a011 
CO4017 
co1013 
Co4m4 
Co4015 
CD4016 
C04017 
C04018 
004019 
co4D2o 
C04021 
CD4022 

C04023 
CD4024 
CD4025 
C0026 
024027 
74CLA 
74002 

74004 
74008 
74C10 
7iCIA 
74020 
74C30 
74C42 
74C48 

74173 

74c74 

49 

119 
1 39 

1,19 

.23 
79 
23 

325 
69 
39 

55 
75 

75 

3 00 

55 

65 

2 15 

4 75 
150 
1 15 

78MG 175 
10130/11 .80 
1.1030111 35 
LM301CN 35 
1M302H 75 
1M304H 1.00 
0930611 .60 

L1.1307CNA1 .35 

19430511 I 00 
LM30BCN 1 00 
0M30911 1 10 

1M3095 1.25 

L93100N 1.15 

1743110 90 

18071114 .90 

1M317K 
1M318CN 

1M319N 

0943200.5 
103205.5 2 1.35 

1143206.12 1.35 
19320545 1.35 

193106.18 1 35 

L63206.24 1 35 

11.43201-5 125 
18.32015 2 1 25 

L343201.8 1 25 

403207.12 1 25 

1343201.15 1 25 

L43201.18 1.25 

L93201.24 1.25 

1M3235.5 5.95 
1M324N 1.80 

1143395 .09 

LM340Ks 
1M340K 6 

0513405.8 
5M3106-12 
1M340K15 
LM310K.18 
193401124 
1143401.5 
1M340T-6 

741500 
74LSO2 

740503 
741504 
741505 

741508 
741510 
741.513 

741514 
741520 
741526 
741527 
741528 
741530 

740.532 
745540 
741542 
741547 
741551 

741573 

6.50 
150 
1.30 
I 3 

1.35 

1.35 
1.35 
1.35 
1.35 

135 
1.35 

1.25 
1.25 

23 

I 19 

25 
49 

49 

23 

25 

39 

1 39 
1 19 

9 

1,19 

C/MOS 
C01028 
CD4029 

CD1030 
C01035 
C04040 
C04041 

L04012 
004043 
C04044 
C04046 
c0a047 
C04048 

99 C04019 
C04050 
CD4051 
CO4053 
CD4056 
C04059 
C04060 
Co4066 
C01068 
004069 

89 

1 19 

49 

99 
1 19 

I 15 
.99 

89 
89 

I 19 

250 
I 35 

49 

.49 

I 19 

1.19 

2 95 

9-9$ 
1 49 

19 

.39 
45 

74C00 
74089 6 49 
74C90 301 
74093 1 00 
740.95 2 00 

740147 1 25 
74C151 2 90 
74C151 3 00 

740157 2 15 

740160 3 25 
740161 3 /5 

LINEAR 
,n540)41 1.25 

1913401.12 1.25 

193407.15 125 
0111340118 1 25 

1143401.24 1 25 

11.13500 I 00 

1.M35ICN .65 

114370N 1.15 
1913739 3.05 
19377N 4.01 
114380N 125 
1M380CN .99 

LM3815 1.79 
1013026 1.79 
6E5016 8.00 
NE510A 6.00 
6E529A 4.95 
11653111 3 00 

11E5361 6.00 
NE5401. 6.00 
NE55pN I.39 
505.550 .39 
NE556 .99 

505600 500 
NE5618 5.00 
NE5628 5.00 
NE565H 175 
NE565N 125 
NE566CN 1.75 
NE56711 1.25 
965679 99 

NE570 10.50 
LM703CN/H 15 75454L31 .39 
1147096 29 75491CN .19 

19170974 .29 7519209 .89 
L9710N .79 15494CN .89 

1017116 39 RC4151 5 95 

1M723H 55 RC4194 5 95 

1917236 55 RC4195 4 49 

C04070 55 

CD4071 .23 

CD4012 49 
004076 1.39 

004091 23 

004002 .23 
CD4093 99 

C04098 2,49 
MC14409 14 95 

MCI44I0 14 95 

MC14411 14 95 

MCla419 4 95 

MC14133 19 95 

0014506 .75 

5ICI4507 99 
MC14562 14 50 

A1C11543 3 50 

C04508 3.95 
cD4510 1.39 
004511 1.29 
CD4515 2 95 

004518 1 29 

CD1520 1 29 

C04566 2 25 

24C163 
740164 
74C173 

740192 
740193 

74C195 
740922 

74C923 
74C925 
740926 
80C95 

80097 

3 00 
3.25 
2.60 
3 19 

2 75 

2 75 

9 95 

8 95 

M 95 

11 95 
1 50 

I SO 

LM733N 1.00 
1117396 1.19 

LM741CH 35 

LM741CN .35 

19741.14N .39 
1M747H .79 
1M1470 .19 

01417489 .39 

187489 .39 

1913039 90 

LM1304N 1.19 
101131.159 1.40 

L01I3DIN 85 

1013109 2.95 

1913519 1.65 
1M1A14N 1 75 

L941458CN01 .59 
MCI488 1.95 

MC1489 1.95 

1911496N .95 

L1415560 1.15 
ML1141SCP 3 00 
LM29015 2.95 
1803053 1.50 

1M3065N ¿9 

190900N(3401) 49 

L183905N .89 

LM3909 1 25 
MC55587 1.00 
10475259 .90 

1915346 .75 

80388 4.95 
4075450 .49 
15451CN .39 
75152CN .39 

754S3LN .39 

zJ 74LS00 T T L ;,1,5, 09 

23 141974 ,35 7415160 89 
29 741575 .49 7415161 .89 

.29 741576 .35 7415162 89 
23 744583 .75 745163 89 

23 741555 99 7445164 99 

.49 744586 .35 7455175 79 

.99 740590 49 741.51B1 2.49 

.23 741592 59 7415190 .89 

.29 741.593 .59 7415191 .89 

.29 741595 .79 7415192 .19 

.29 740996 89 7415193 89 

.23 7410107 35 7415194 89 

29 7415109 35 7415195 89 

29 7415112 35 7415253 79 

.59 7415123 .99 7415257 69 

.69 7115132 79 7415260 55 
23 7415136 .39 741S279 59 

.23 7405138 .89 7415367 59 
35 7415139 .69 7415368 59 

1415151 F9 7415670 195 

DISPLAY LEDS 
Type POLARITY NT PRICE 

MAN I Common Anode'red .270 2 95 
MAN 2 51 7 Dot Matnered .300 4.95 
MAN 3 Common Cathode -red .125 25 

MAN 4 Common Callade-red .187 1.95 

MAN 52 Common Anode.grren 300 1.25 
MAN 71 Common Anoderad .300 125 
MAN 72 Common Anoa<-red .000 99 

MAN 74 Common Cathode -red .300 1 25 

MAN 81 Common Anode -yellow 300 .99 

MAN 82 Common Anode.yellow .300 .99 

MAN 8A Common Catnodeye400 .300 99 

MAN 3620 Common Anode'Orange 300 99 

MAN 3630 Common Anode'pralpe xl .300 .99 
MAN 3640 Common Cathode -orange .300 .99 

MAN 4610 Common Anode -orange .300 .99 

MAN 4640 Common Cavnde-orange ?00 99 

MAN 1710 Common Anode -red -1 400 99 

MAN 4130 Common AnoOe.red .100 99 

MAN 4710 Common Cathode -red .400 .99 
MAN 4810 Common Anode yellow .100 .99 
MAN 6610 Common Anode -orange -0 D .560 .99 
MAN 6630 Common Anode.range 560 99 
MAN 6640 Common Cathode -orange -O.. 560 .99 
MAN 6650 Common Cathode -orange -1 .5EO 99 
MAN 6660 Common Mode -Orange .560 99 

TYPE POLARITY HT 

MAN 6680 Common 00130de-orange .550 
MAN 6710 Common Anode-red-D.D. .560 
MAN 6730 Common Anode,le0 01 .500 
MAN 6740 Common Calnode'redO.0. .560 
MAN 6750 Common Cathode -red _1 5E0 
MAN 6160 Common Anode -red .5EÁ 
MAN 5780 Common Cathode -red .560 
00701 Common Modered _1 .300 
00702 Common Catnodered 300 

01.794 Common Cathodered .7íA 
D1707 Common Ano4ered .300 
01741 Common Mode -red .600 
D0746 Common Arwde'red _I .530 
01747 Common 40000 4d .600 
00749 Common CalIOde« d 01 630 
00750 Common Calnode.red 600 
00338 Common Calnode-red .10 
FNO70 Common Cathode .29 
FN0159 Comma Anode .353 
040503 Common Cathode (FN05001 .5C0 
FND507 Comm n Mole 161105191 .500 
50027300 4 x 7 601. OiQit.RHDP .694 

5082.7302 4 e 7 5 I. Digit-LHDP ,600 

5052-7304 Overran a character (ml) .600 
5082.7340 4 X 7 S I. Di2A-HeaaO.omal 600 

PRICE 

89 

.99 
99 

99 

09 

09 
05 

99 

1.25 
99 

99 
1.25 
1.49 

1.49 
1.49 

1.49 

35 
69 
/5 
99 

.99 
19.95 
19.95 

15.00 

2250 

116205 $ 8 40 
X0210 0 40 
09215 440 
X6320 1.55 

X3555 .39 
X6556 .99 
XR567CP 99 
X8567C1 1 25 
X61310P 1 30 
X8146806 3,85 
401188 139 

X91489 4.39 
1101800 3 20 
852206 
X52207 
x52206 
112209 
502211 
X92212 
X02240 
X02261 

a 40 

365 
5 20 
1.75 

5 25 

4,35 
345 
4.25 

X92556 
X02567 
093403 
7014136 

004151 
08419: 
X94202 
X94212 
0134558 

084739 
084741 

5 3 20 
2 99 
I 25 

125 
2 85 

1 45 

3 60 

2.05 
75 

115 
147 

RCA LINEAR 
CA3013 
CA2023 
CA3035 
CA3039 
CA3046 
CA3059 
CA3060 
CA3080 
CA3081 

2.15 
2.56 
2.48 
1.35 
1.30 
3.25 
3.25 

.85 
2.00 

CA3082 
CA3083 
CA3086 
CA3089 
CA3130 
CA3140 
CA3160 
CA3401 
CA3600 

2.00 
1.60 

.85 
3.75 
1.39 
1.25 
1.25 

.49 
3.50 

CALCULATOR CHIPS 
AND DRIVER 

FCM3817 5 5.00 
MM5725 295 
MM5738 1.95 
MM5738 2.95 
DM8864 2.00 
DM8865 
0081387 
008889 
5030 

1 00 

.75 
75 

7.95 

CLOCK CHIPS 
1ÁM5309 5 9.95 
MM5311 4.95 
1495312 
MM5314 
MMS316 
1.045318 
965369 
865841 
7001 

4.95 
4,95 
6.95 
9.95 
2.95 
9.95 
5.95 

ZENERS - DIODES - RECTIFIERS 
TYPE VOLTS W PRICE TYPE VOLTS W 
10746 3.3 4000 4/1.00 104005 600 PW 1 AMP 
197514 5.1 400m 4/1 00 194006 800 P0. 1 AMP 
19752 5.8 4000 411.00 1114007 1000 PIV I AMP 
16753 5.2 400m 411 00 193600 50 200,1 
16754 6.8 4000 411.00 164148 75 Om 
111959 82 400m 4/1.00 1N4194 35 tons 
109650 15 1000 4/1 00 1144305 75 250n 
1N5232 5.6 500.1 28 1914734 56 lw 
195234 6.2 50041 28 1114735 6 2 Iw 
195235 6.8 5000 28 104136 6.8 Iw 
1115236 7.5 5000 28 1944138 8.2 Iw 
10456 25 400 6/.00 164712 11 Iw 
19458 150 711 6/1 CO 154744 15 lw 
164850 180 Ion 511 00 141183 50 Pw 35 AMP 
164001 50 PIV I AMP 1211 W 1911164 100 PIV 35 AMP 
164002 100 PIV I AMP 1211 00 191185 150 PIV 35 AMP 
164003 200 /iv I MAP 1201 00 1111186 200 PP/ 35 AMP 
1114004 400 PW I AMP 1211 00 191188 400 PO/ 35 AMP 

PRICE 

10/1.00 
1011 00 

10/1.00 
6/1 00 

1511.00 

12/1 00 

20/.00 
28 
28 

28 
28 
28 
28 

1 60 

1 70 

1 70 1 B 
300 

SCR AND FW BRIDGE RECTIFIERS 
C361) ISA @ 4000 50912918191 

C38M 354 @ 6000 SCR 

2742328 I.6Á @ 3001 SCR 

MDA 9801 128 @ 506 flv BRIDGE REC 

MDA 980-3 I2Á @ 200V FW BRIDGE REC. 

51.95 
1.95 

.50 

1.95 

1.95 

9374 - 7 -segment LED driver 
common anode LEDs S .99 

Au LP 
14 pin LP 

16 pin LP 
18 pin LP 

20 pin LP 

10 pin 5T 

16, ST 

8 pm ST 

24 pin 5T 

e pn SG 

14 on SG 

6 on 5G 
18 ow SG 

6 pin V4W5.40 
10 nin WW AS 

l4pmWW 39 

16pnWW 43 
18 pin 1Y04 15 

IC SOLDERTAIL - LOW PROFILE (TIN) SOCKETS 
1.24 25.49 50.100 0 24 

520 16 IS 2 o LP 5 37 
20 19 18 ~ 24 pm LP 38 
22 21 20 - .- 38 pin LP 45 
29 28 27 36 pun LP 60 3432 '38 SOLDERTAIL STANDARD (TIN) 144in LP 50 

5 27 25 74 78 pin ST 5 99 
30 21 25 111111 PM 36 pin ST 139 

35 32 30 40 on ST 1 59 
49 45 

42 SOLDERTAIL STANDARD (GOLD) 
5 30 21 24 24 pm 50 5 10 

35 32 29 28 

in 

SG 1 10 
38 35 32 36 pm SG 1 75 
52 47 43 40 pm SG 1 /5 

WIRE WRAP SOCKETS (GOLD) LEVEL #3 
38 35 emi 22 pin WW .95 
al 37 ]4 pin WW 1 Os 

38 37 28 pin 4N1V 110 
42 41 36 on WW 159 
68 62 0 pin WVI 75 

2549 
36 

37 
84 

59 

62 

90 
1 26 
145 

63 
I M) 

1 40 
159 

.85 

95 
1 25 

1 45 
I 55 

50.100 
35 

36 

43 

58 
61 

81 

15 

130 

5/ 
90 

126 
1 45 

.15 

85 
1 10 

1 39 
1 40 

010681 
MPSA05 
MPSA06 
71597 
11598 
h5133 

TIS135 
40409 
40410 
40673 

25918 
2522194 
2022214 
29122224 

252369 
2923694 
MP52369 
292484 
292906 
2N2907 
292925 
14362955 

203053 

so TRANSISTORS 
30 293055 89 

5/1 00 92E3055 100 
6/1 00 293392 5/1,01 
6/1.00 253398 5/100 
5'1.00 PN3567 3/8 00 
5/1 00 P53568 4/1 00 

1.75 063569 4/1 00 
175 MP536384 5/1.00 
I 75 MPS3702 5/1.00 

4/.00 293704 S/1 DO 

3/100 9P53704 51100 
4/1 00 2113705 5/1.00 
5/1.00 8.053105 5/1.00 
5/1 DD 253706 5/1 00 
4/100 6793706 5/1.00 
5/ 00 263701 5/1.00 
4/1.00 2113711 5/1 00 

4/1 00 2937244 65 
5/100 2931254 1.00 
511.00 293772 2.25 

1.25 203823 100 
2/1.00 2N3903 4/1 00 

253904 
2113905 

293906 
254013 
204123 
PN4249 
PN4250 
201400 
294401 
204402 
264403 
204409 
265086 
295087 
265008 
2115089 

293129 
PN5134 
PN5138 
2195139 

295210 
215449 
205951 

4/1 01 
4/1.00 
4/1 00 
3/1 00 

6/1 00 
4/1 00 
4n 00 
4/1 00 

4/1 00 
4/1 00 
4100 
5 1 00 

00 
4100 
4/1 00 
A/I 00 
G11 CO 

5100 
511 00 
5/1 00 
5/1 00 
3/1 00 
3/1 00 

50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. 
10 OHM 120116 15 OHM 18 OHM 22 Wm 

ASST. 1 5 ea. 27 d110 33 OHM 39 OHM 47 01164 56 0HM 1/1 WATT 5% 50 PCS. 

66 OHM 82 009 100 OHM 120 OHM 150 OHM 
ASST. 2 5 ea. 180 OHM 220 OHM 270 010 330 0010 390 OHM 1/4 WATT 5% . 50 PCS. 

170 OHM 560 OHM 680 01181 820 OHM 15 

ASST. 3 5 ea. 1 25 150 I OK 2 M 2 794 1/4 WATT 5% 50 PCS. 

3311 395 a7N 56« 680 
ASST. 4 5 ea. 6 M 105 125 ISO ISO 1/4 WATT 5% 50 PCS. 

225 275 335 396 4711 

ASST. 5 5 ea. 565 685 525 1000 1205 1/4 WATT 5i. 50 PCS. 

1500 1801 2200 2704 3300 
ASST. 6 5 ea. 3900 470« 560K 6805 8205 1/1 WATT 5% 50 PCS. 

IM 1211 r511 

480 
22M 

ASST. 7 5 ea. 218 33A 3.9M 4 IM 56M 1/4 WAIT 5% 50PCS. 

ASST. 8R Includes Resistor Assortments 1-7 (350 PCS.) S9.95 ea. 

$5.00 Minimum Order - U.S. Funds Only Spec Sheets - 251 
California Residents - Add 6% Sales Tax 1978A Catalog Available -Send 35d stamp 

ameco 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592-8097 

MAIL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 

Advertised Prices Good Thru July 1l 

1 

CAPACITOR 50 VOLT CERAMIC CORNER 
DISC CAPACITORS 

IA 1099 100 1.9 10-99 1004 
10 pl .05 04 03 0010E .05 .04 035 
22 pl .05 .W .03 0047wF .05 .54 ,035 
47 pl .05 .04 03 .OIOF .05 .04 ,035 

100 pl 55 .04 .03 .022wF .06 .05 04 
220 pl .05 04 .03 647,5 .06 05 04 
470 pl 05 .04 035 .12 .09 .075 

100 0011 MYLAR FILM CAPACITORS 
.001m1 .12 10 .07 02201 .13 .11 05 
5022 .12 .10 07 . .11 .17 .13 
.0047m1 .12 .10 07 .101101 27 23 .17 
.0101 .12 .10 ,07 .2201 33 .27 22 

42A% DIPPED TANTALUMS 180001 CAPACITORS 
.1/3501 28 .23 .17 1 5/354 .30 .26 21 

15/35V .28 ,23 .17 2.2/250 .31 27 .22 
22/35V .28 .23 .17 3.3/250 .31 .27 .22 
.33/350 .28 .23 .17 4,7/256 .32 .28 .23 
.471355 .28 .23 17 6 8/250 .36 .31 25 
ó335V .28 23 17 107.255 .40 35 29 

1.0/356 .28 23 17 15/255 .63 .50 .40 
MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS 

4.14I lead Rapel Lead 
47/50V .15 .17 .10 .47/255 .15 .13 

1.0/500 .16 .14 11 ?7/520 .16 .14 
3.3/500 .14 .12 .09 1.0/16V .15 .13 
4,7/251, .15 .13 .10 1.0/250 .16 .14 

10/250 .15 .13 .10 1.0 500 .15 .14 
10/509 .15 .14 .12 4.7/1517 .15 .13 
22/250 .17 .15 .12 á.7/25V9 .15 .13 
22/500 .24 .20 .18 4.7/507 16 .14 
47/257 .19 .17 .15 10/I6V .14 .12 
47/504 .25 .21 .19 10/509 .15 .13 

1007255 .24 .20 .18 10/507 .16 .14 
100/504 .35 .30 .28 47/50V 24 21 
220/250 .32 28 .25 100/160 .19 15 
220/509 .45 .41 .38 106/250 .24 
470/255 .33 29 27 100/520 35 

1000/167 .55 ,50 .45 220/16V 23 
22001160 70 -62 55 470/250 .31 

.10 

.11 

.10 

.it 

.I1 
.10 
.10 
.11 

.09 

.12 
.19 

.14 

.18 
.3 26 

17 I6 

.29z6 

92 POPULAR ELECTRONICS 
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SOCKET 

JUMPERS 
Part No. 

924003-18R 
924003-06R 
924005.189 
924005-06R 
924006-18R 

2404.-06R 

Mates with two rows of .025" sq. or 
dia. posts on patterns of .100" 
centers and shielded receptacles. 
Probe access holes in back. Choice 
of 6" or 18" length. 

No. of Contacts Length 
26 18" 
26 6w 

40 18" 
40 6" 
50 18" 
50 6" 

Price 
$ 5.38 ea. 

4.78 ea 

8.27 ea. 
7.33 ea. 

10.31 ea. 

9 15 ea. 

MICROPROCESSOR 
P8085 CPU 

8080A CPU 

8212 8 -Bit Input/output 
8214 Pnonty Interrupt Control 
8216 Bi-Directional Bus Driver 
8224 Cock Generator/Driver 
8228 System Controller/Bus Dover 
8251 Prog. Comm. Interface 
8255 Prog. Penpn. Interface 

COMPONENTS 
529.95 COP 1802 CPU 

10.95 Z80 CPU 
4.95 2650 MPU 
7.95 MC6800 MPU 
4.95 MC6810API 128 it 6 Static Ram 

5.95 MC6820 Peden. Interlace Adapter 
5.95 MC6821 Pence. Interlace Adapter 
9.95 MC6830L8 1024 a 8 Bit ROM 

10.95 MC6850 AsyobronOus Comm. AOapte 

$19.95 
24.95 
26.50 
19.95 
5.95 
7 95 

11 50 
14.95 
14.95 

JUMPER 
HEADERS' 

Part No. 

923863-R 
923873-R 
923865-R 
923875-R 
923866-R 
923876-R 

Solder to PC boards for instant 
plug-in access via socket -connector 
umpers. .025" sq. posts. Choice 
of straight or right angle. 

No. Price 

51.28 ea 

1.52 ea 

1.94 ea 

2.30 ea 

2.36 ea 

2.82 ea 

of Posts Angle 
26 straight 
26 right angle 
40 straight 
40 right angle 
50 straight 
50 right angle 

. 11 

DIP JUMPERS 
Mates with standard 1C sockets 

£,% ?t,- 24" length Fully Assembled 6 Tested 

' `-r CONTS DESCRIPTION PART NO. PRICE 
.. 14 sgl. end 924-102-24 5 1.92 

- 14 dbl. end 924106-24 3.02 
16 sgl. end 924112-24 2.13 
16 dbl. end 924116-24 3.34 
24 spl. end 924122-24 3.30 
24 dbl. end 924126-24 5.20 
40 sgl. end 924132-24 5.53 

Y1. Also Available in 12" and 36" lengths 

1101 

1103 

2101 

2102 
210755280 
2111 
:112 
2114 
21141 

2114-3 
21101-3 
7489 
8101 256 4 Static 

8111 258 x a Static 
8599 16 a 4 Static 

71L02 1024 a 1 Static 

74200 256 1 sutie 
93421 256 1 Stahl 

CAM5262 2K.1 Dynamic 

MK40211UPD411 40 DYNAMIC 16 

LIK411611.170416) 161! DYNAMIC 16 

1MS4044.45NL 40 STATIC 

RAM'S 
256 a I Star 5 1.49 
1024 a I Dynamic 99 

256 4 Static 5.95 
1024 a 1 Stalk 1.75 
4096 A , Dynamic 4 95 

256 it 4 Static 6 95 

256 4 Stilt 5.95 
45 a 1 Static 45Uns 9.95 
49 x I sia0e 450ns Low Power 10 95 
aK I I Stahl 300ns 10 95 

49 x I Static 300ns Low Power 11.95 

16 A 4 Static 1 75 

5 95 

6.95 
149 
1.95 

6.95 
2 95 

3;1 001 

'IN 595 
PIN 29.95 

14 95 

ROM'S 

2513(21401 Character Generator hipper asel 
2513130211 Character Generator liner, use) 
2516 Character Generator 
0652309 2048 Bit Read Only Memory 

USER MANUALS 

18021.1 CDP1802 Manual 

18091 280 Manual 

26500 2650 Manual 

5995 
9 95 

10 95 
1.95 

1 750 
1 50 

OJ 

11029 

5203 
82523 
825115 
82S123 
745287 
2706 
271611 
2716 Intel 
63011 
6330.1 
74196 
74188 

2048 a 1 

2048 1 

32x8 
4096 a 1 

326 
1024 a 1 

BK 

164 

16K 

PROMS 
Famous 

Famous 

Open C 

Bipour 
Thstale 

Static 

EPROM 
EPROM 

EPROM 
ram x 1 In stale Nowt 
256 a ' Open C Bipolar 

512 a 1 nit Open Colleaol 
256 x 1 111. Open Celled°, 

5917T REGISTERS 
0950139 1024 BilAcxumulalor Oynaml 
0850160 500.612 Bit Dynamic 
0050170 Dual 5001512 Bit Dynamo 

25041 1024 Dynamic 
2518 Hea 32 BA Sank 
2519 lea 40 BA Stall 
2522 Dual 142 Bit Stall 
2524 512 )yrumic 
2525 1024 oynamrc 
2521 Dual 256 MI Static 
2528 0u1250 Stark 
2529 Dual 240 bit Static 
2532 OLIO 811 SI Static 
25.13 1024 SANG 
3341 Flo 
7415610 4 K 4 Repisle 

DART'S 

AV'5'1013 30K BAUD 5 5 95 

5595 
14 95 

5 00 
19 95 

500 
7 95 

10 95 
29 95 

59 95 
3 49 

2 95 

9 95 
3% 

2 95 
89 

2 95 

3 95 

a 95 

4 00 

295 
99 

2 95 

2 95 
400 
4 00 

2.95 
2 95 
6 95 
1 95 

The Incredible m 
"Pennywhistle 103" 111k1111.: o 

4_ 
I 

$129.95 Kit Only 
er 

e 

Thu Pennywhislle 103 rs capable of recording too M ono Irons lull/ tape wan001 

00,01 
speed requirements for the recorder ape it s able to communicate directly 

4101111 modem and lermmai lor telephone llarorn.no and commumalxmi 
',erne deal In addition, it is tree of critical anlueeenls 1111 Is NPR with nonP.C... 
redly avadable pals 
Data Transmission Method Freouency-Shdl KCreg. ion -duple. Intl'duple, 

selectaoel 
Maimum Data Rale 300 Baud 

Oxa Formal Asynchronous Seral (1110,1 to mars level required 

between each character) 

Receive Channel inquenpn 2025 Nr for space 2225 He for mars 

Trots. Channel Fre@leneln 500l0 selectable Low locoman 1070 space. 

1270 mark. 0ign 025 space 0225 0/ark 

46 *cm acc0uEncaliy kOu^ pJ 
15 450 n mat Montane trom 6 410 

to ir20e cl pm 

Z .Frequency relerenc! 800ally a01u5i5 to 

allow for operas between 1800 W and da00 Po 

EIA RS -2320 or 20 red current loop (receiver its 

oploiyDmled and nomoolan 
MIN VAC. single phase. 10 Watts 

ere ... .. All compOne its mount on a single 5" cry9 
punted moil Ward All components included 

ire. a Va. Awl. oscillator Frequency Counter andlor Oscilloscope lo air 

Rece ve Sensitivtry 
Trnsmit Level 

Reerve Frequency Menace 

Digital Data Interlace 

Power Requirements 

R. 

- LY 

- . 
TCRYSTALOFREQUENCIESNS t 

PART NO. FREQUENCY CASE PRICE 

CY1A 1.000MHz HC33 

CY1.84 1.8432MHz HC33 

CY2A 2.000MHz HC33 

CY2.Ot 2.010MHz HC33 
CY2.50 2.500M11z HC33 
CY3.27 3.2768MHz HC33 

CY3.57 3.579545MHz HC33 
CY3A 4.000MHz HC18 

CY4.91 4,916MHZ HC18 

CY7A 5.000MHz HC18 

CY5.18 5.185MHz HC18 

CY6.14 6.144MHz HC18 

CY6.40 6.400MHz HC18 

CY6.55 6.5536MHz HC18 

CY12A 10.000MHz HC18 
CY14A 14.31818MHz HC18 
CY19A 18.000MHZ HC18 

CY18.43 18.432MHz HC18 
CY22A 20.000MHz HC18 
CY30A 32.000MHz HC18 

5.95 
5.95 
5.95 
1.95 
4.95 
4.95 
4.95 
4.95 
4 95 
4.95 
4.95 
4.95 
4.95 
4.95 
4.95 
4.95 
4,95 
4.95 
4.95 
4.95 

TRIMMERS 
10MM size trimmers -.394" Die. 

Part No. 1-9 10-24 25-49 100+ 
TR-11(valve).35 .30 .25 20 

Re pstana shies - 100, 500, 19. 21C. 5K. 100 205, 50K IODK, 2000, 1 meg 

TELEPHONE 

KEYBOARD CHIPS 1501645 524 95 MEMORIES 

60-5.9100 514.95 ICM7205 19 95 MCM6571 513 50 

00.5.9200 14 95 ICM7207 7 50 MCM6574 13 50 

00.5.9500 4 95 1507208 19 95 MCM6575 13 50 

ÁY'52376 la 95 15141209 6 95 

785922 995 I1400165 

795 E 

AY.31YDAM 8500CH 1 

IP 

CerSioET and 2 oto MH2 Crystal $7.95 

PARATRONICS 
Logic Analyzer Kit 
Model 100A 

$229.00/kit 
Analyzes any type of digital system 

Checks data rates in excess of 8 

million words per second 
Trouble shoot Ill. CMOS. OIL. RTL. 

Schottky and MOS families 
Displays 16 logic states up to 8 digits wide 

See ones and zeros displayed on your 
CRT, Octal or hexadecimal 'curial 
Tests circuits under aOual operating conditions 

SPECIAL REQUESTED ITEMS 
ICM CHIPS AMOS READ ONLY MISCElUNEOUS 

11090 519 95 M940240 517 50 
MC -3061P II 95 n5002601 3.75 
M1:140817 4 95 111154 10.20 
195140818 5 15 95190 11.95 

10110/111 525 00 se 
MC40161744161 7 50 
48133 3 95 

Model MA Model 10 

III //// eft 

Some apphcahons are - Troubleshooting mlcroprocessor 
address. instruction. and data flow - Examine contenls of ROMS - Tracing operation of control logic - Checking counter and shill 

Easy to assemble -comes with step-by-step construction fegister operation 

manual which includes 80 page; on logic analyzer operation. -Mon g - venlymg 
I 0 

propersepue systemm 
(Model 100A Manual - 54 951 during testing 

PARATRONICS TRIGGER EXPANDER - Model 10 Model 10 Kit - S229.00 
Adds 16 additional Gds. Provides 01p1á1 delay and gualYlcation of inIal clock Baseplale - 59.95 

and 24 -bit trigger word. -Connect: direct to Model 10001or integrated unit). Model to Manual 

<,`',960` the 3rd Hand ell 
$9.95 each 

'Leaves two hands free for 
working 

' Clamps on edge of bench, table 
or work bench 

. Brgnl 6 Dun LED Sopar 
r Imes to 59 mmules 59 59 seconds 

r. Crystal Controlled time Base 

o Three slopwat:hes t One 

Times Single Event - Split & laelor 
115/x45 215 or 90 NS ounces) 
. Uses 3 Penile Cells 

Kit - $39.95 
Assembled - $49.95 
Heavy Duty Carry Case $5.95 

Slop Watch Chip Only (7205) 519.95 

TRIMPOTS 
Single -Turn - 1/2 Watt 
Square - Top Adjust - 3/8" Size 

Part No. 1-9 10-24 25-49 50-99 
63P(value) .99 .89 .80 .70 

Resstance Values. 50, 100 500 IK.2K,5K 105 205,500.1009,2005,5000.1 meo 

15 -Turn - 3/4 Watt 
Rectangular Side Adjust 3/4" x 1/4" Size 

Part No. 1-9 10-24 25-49 50-99 
43P(value) 1.35 1.25 1.20 1.15 

Resistance 9,I 5.50 100,500.10.29 5e,109.259 509 100x. 2009.5009,110e9 

Ni rol 

P1IENOLIC 

EPDXY 

GLASS 

EPDXY GLASS 

COPPER CLAD 

1/16 VECTOR BOARD 
0 I Hole Spacing P.Panern P1,[e 

Part No l W I-9 10 up 

6aP44 062XXXP 
1691,44 062xXXP 

64P44 062WE 
134P44 062WE 
169P4a 062WE 
169794 062WE 
169744 062WEC1 

450 
450 
4 50 

50 
4 50 

8 50 

4 50 

6.50 1 12 114 
17 00 3 69 3 32 

6.50 2 07 1 66 

8 50 2.56 2 31 

1700 504 453 
17 00 9 23 8 26 

1700 680 612 

3Yr-Digit Portable DMM 

nsellOa Protected 

3 WO LED 0,00111 

Paden. ar AC 001/4101 
AMP 110mg 
Irr. IVA 01 ohm resorurn 
°wrens,º reading 

10 meg input rmpendence 

DC Accuracy Is. ty02a1 

Ranger loco: )C04 0.10000 
AC Yours.190 e 0 190Volta4 

Fred Response50 Opp bl 
DC/AC tuned 0.100mA 9 9 
naslance 0.10 meg nom 

Sue 64 .44 .2' 

Model 2800 Accessories: 

$99.95 AC Adapter BC -28 $9.00 

Canes min tnl Rechargeable 
tads one,almg man.4a1 Batteries BP -26 20.00 
414 Ovare paw Carrying Case LC -28 7.50 

E Llti'al 
Model P180 includes 2.100' spools .28 AWG 
wire rap wire -AIL 

Supplms insulated wire iron 5000110 wrap-posts',hout presn 
ping and precutting 

s p' 
uttin9 using"claw/chmri metH0d. 

Model P180 $24.50 
REPLACEMENT WRAP BIT 

for P180 Slit N Wrap 
No. P180A $12.95 each 

Replacement wire -wrap 
wire for P100 *28 AWG 
(pkn of 31 52.75 each 
W 28 2.0 green 1528.2.0 red 
W28.2.0 clear 5920 .2.0 blue 

63 -Key Unencoded 

C M C 
100 MHz 8 -Digit Counter 

20 01.100 901 Range . leal vb eoucn. / e 

.6- LED Drsola, banere W110 or 220v w,15 

Crystal -controlled nme0dx charger 12V w In auto 
FdW Au1Om110 lighter adaoler ar0 ealemal 
Portable - completely 7,2.IOV power WOO& 

ined 

S1115 x 7x 138- 
MAO.100 $134.95 

5 63 - 

ACCESSORIES FOR MAX 100: 
Mobile Charger Eliminator 
use proar Iron car battery Model 100 - CLA 5395 
Charger/Eliminator 
use 110 V AC Model 100 - CAI 59.95 

KEYBOARDS 

t 

This is a 63 -key, termiral keyboard newly 
manufactured by a large computer manufac- 
turer. It is unencoded with SPST keys, unat- 
tached to any kind of PC board. A very solid 
molded plastic 13 x 4' base suits most applica- 
tion. IN STOCK S29.95/each 

- 

' Position board on angle or flat 
a position for Soldering or clipping 

d el 9"'' ' Sturdy. aluminum construction 
for hobbyist, manufacturer or 
school rooms 

DIGITAL STOPWATCH 
Mw 

II 31/2 DIGIT DPM KIT 

4126y 

/WM ruffle Uwe/ were 

m 
New @ipolar Unit . Auto Polarity 
Auto Zeroing Low Power 
.5" LED Single IC Unit 

Model KB500 DPM Kit $49.00 
!Model KB503 5V Power Kit $17.50 

115 VAC 

5-3:V5 

JE700 CLOCK 
JO '006 a low cica dula, r',,k liul 

e 

oran gu very unit me win tea 

lures lvnlmated wa Darr cite wins di 

17 o. 711buWr 

MA 
.h2iMs'e 

s 

.rl1a 

0wHluaM 
MM531 dots 

KIT ONLY $16.95 

Hexadecimal Encoder 

1 1 3 E 

7 E F 

1 9 9 --. 

O 

19 -key pad includes 1-10 keys, 
ABCDEF and 2 optional keys and a 

shift key. S10.95/each 

JE803 PROBE 
Ire Inc. PuObe ,s a unit moon .s for the mope pan 

espm5l/e ie douse Sboohnc 1°0 lamdes 
no OIL RIa 50005 o der., ter pone. l 

orate d.recln tarn the UuaM ue. 
e51 

needs m rt 
4 seam 10 ma ma. O MAN) 

readout /0...ale any Of tr, 100000 sures ey 

terse rmrls Dar I 01RI1511 Pine 
Prnbr can 

reSve 
detect non le rty WKeS to 45 Hot 

e used M05 at O5 rwM O. Allot damage 

awe rel, 

.6r- 
$9.95 Per Kit 
orinted circuit board 

T'L 5V 1A Supply 
Inns is a standard nL power supply 45mg lee well Orown 

(143090 regiwlor :C to provide a sc., AMm of current at 5 

aces we try to make things easy for you by provamg 
1,09 you need n One wmage me u0irg the hardware 

JE225 $9.95 Per Kit 

INSTRUMENT/ 
CLOCK CASE 
Inlectton moldeo unit. 

Complete with red bezel. 

41/2- 4" 

$3.49`3-- " 

55.00 Minimum Order - U.S. Funds Only 
California Residents - Add 6% Sales Tax 

Ilil ELECTRONICS 

Spec Sheets - 25/ 
1978A Catalog Available -Send 35d stamp 

ameco PHONE 
ORDERS 

WELCOME 
(415) 592.8097 

ti7A/L ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 

Advertised Prices Good Thru July 

=M= PROTO BOARDS 
PROTO BOARD 6 

$15.95 PB100 - 4.5" x 6 S 19.95 

(6" long X 4" wide) P6101 - 5.8" x 4.5" 29.95 

d 
. PB102 - 7" x 4.5" 39.95 

w ,;,aB P8103 - 9" x 6"" 59.95 
11 P, 

P8104 - 9.5" x 8" 79.95 
_ F e P8203-975x615x23/4 80.00 

' P8203A - 9.75 X 61/r x 23/4 129.95 
--- mcw°es power suporyl 

Iuu00na4J14 11 11111111/11a 

NP ' 
JV 

wareekyEEEEEa 
--,MM-...-. 

1111F771UF1 

PROTO CLIPS 

14 PIN 

16 PIN 

24 PIN 

40 PIN 

$4.50 
4.75 
8.50 

13.75 

rt 

zo 

r 
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O'er Tol Free Watts `Ol 
0HuiFor Master Charge and BankAmericard Orders 

741500 
741_502 
741503 
74150. 
741505 
741508 
741509 
741510 
741511 
741513 
741514 
741515 
741520 
741521 
741522 
741526 
741527 
741530 
741532 
741537 
741538 
741540 
741542 

CDa00 
CDa0p1 
CD4002 
CD4006 
CDa007 
CD4009 

.CDa0r0 
CDa01l 
CD4012 
CDa013 
CDa01 a 

CDa015 
CDa016 

°e 
°1 

Jumbo LED Car Clock Kit 
FEATURES: 
A. Bowmar Jumbo .5 Inch LED array. 
B. MOSTEK - 50250 - Super clock chip. 
C. On board precision crystal time base. 
D. 12 or 24 hour Real Time format. 

° E. Perfect for cars, boats, vans, etc. 
F. PC board and all parts (less case) Inc. 
Alarm option - $1.50 
AC XFMR - $1.50 $16.95 

MUSICAL HORN 
One tune supplied with each kit. Additional tunes - $6.95 
each. Special tunes available. Standard tunes now available: - 
Dixie - Eyes of Texas -- On Wisconsin - Yankee Doodle 
Dandy - Notre Dame - Pink Panther - Aggle War Song - 
Anchors Away - Never on Sunday - Yellow Rose of Texas - 
Deep in the Heart of Texas - Boomer Sooner - Bridge over 
River Kwal. Special Design Assembled 
CAR & BOAT KIT HOME KIT Case $3.50 & Tested 

34.95 29.95 Add $10.00 

. 

TELEPHONE RELAY 
Assembled & Tested $29.95 

Automatically Starts & Stops Tape Recorders 
Surreptitious Interception of telephone conversation Is a 
violation of Federal Lew and this device Is not Intended for 
such use. 

6 DIGIT ALARM CLOCK KIT 
Features: Litronix dual 1/2" displays, Mostek 
50250 super clock chip, single I.C. segment 
driver, SCR digit drivers. Kit includes all ne- 
cessary parts (except case). Xfmr optional 
Eliminate the hassle. 
AC XFMR - $1.50 Case $3.50 $12.95 

7400 TTL DIGITAL CIRCUITS 
7400 11 7442 a7 7490 65 74156 
7401 
7402 

13 
13 

7443 
7444 

59 
59 

7491 61 
7492 43 

74157 
74160 

7403 
740a 

13 
15 

7447 
7e48 

68 
71 

7493 43 
7494 67 

74161 
74163 

74104 
70504 

29 
44 

7,50 
7451 

.13 
13 

7495 67 
7496.67 

74164 
74165 

7406 
7408 

16 
19 

7453 
7460 

13 
19 

74100 30 
74104 49 

74174 
7E175 

7410 
7411 

13 
18 

7470 
7472 

27 
25 

74107 28 
74109 31 

74180 
74181 

7412 26 7473 29 74121 29 74182 
7416 
7420 

15 
13 

7474 
7475 

29 
47 

74123 48 
74132 99 

74191 
74192 

7423 25 7476 .31 74136 99 74193 
7425 29 7480 31 745138195 74194 
7433 26 7481 .55 74141 75 74195 
7437 
7438 

23 
23 

7482 
7a83 

.57 

.67 
7E151.61 
74153 61 

9316 
9601 

7040 
7441 

13 
76 

7485 
7489 

.89 
1 25 

74154 98 
74155 89 

9104 

89 
55 
55 
65 
65 
85 
a9 
85 
85 
67 

193 
68 ' 

98 
79 

.81 
81 
69 
.85 

3/51 
35 

74LS00 LOW POWER SCHOTTKY 
37 
7t 

21 741547 .73 741.5136 
.21 741551 26 7415138 
.21 741554 .26 7415139 71 
28 741.555 .26 7415145 1 00 
28 741573 .35 7a35153 70 
21 741574 .35 7415153 70 
28 74L576 .49 7415155 69 
21 741583 .73 7415156 70 

.21 741585 1 35 7415157 .75 

.45 741586 .36 7415158 71 

.99 741590 .55 7415160 

.26 741592 .55 7415161 

.24 74L593 .55 7415162 

.28 7415109 38 7415163 

.28 7415112 .38 7415164 

.32 7415113 38 7415168 

.32 741_5114 38 7415169 

.26 7415122 .49 7415170 

.32 7415124 .99 7415173 
32 7415125 .47 7415174 
32 7415126 .47 7415175 
.26 7415132 .79 7015190 
.65 7415133 35 7415591 

.19 

.19 

.19 
1.20 

.19 

.47 

.39 
19 
.29 
32 
78 
78 
32 

CDaC17 
CDa018 
CDa019 
CD4020 
CD4021 
CDa022 
CDa023 
CDa02a 
CDa025 
C04027 

D4028 
D4029 

CD4030 

CMOS 

es 
85 
.85 
.85 
49 
.85 
85 

1 69 
1 10 
1.00 

.81 

.95 

.95 

95 CDa0a0 1.00 
.95 CDa0a1 .69 
.19 CD4042 .69 
97 CD40a3 60 
97 CD4044 60 
.97 CD40a6 1 39 
.19 CDa0a7 1 50 
.75 CDa0a9 35 

19 CD4050 .39 
39 CD4051 1.19 
85 CDa053 119 
99 C04056 115 
35 CDa066 78 

7415258 
7415260 
7415266 
7415279 
7aLS29D 
741_5293 
7415295 
7410298 
7410365 
7415366 55 
7415367 .55 
7415368 .55 
7415390 1 75 
741_5393 1 45 
7a15670 2.30 
7415192 .95 
7415193 95 
7aL519a 95 
7413195 .85 
7415196 85 
7aLS197 85 
7aL5251 85 
7415253 81 
7415257 71 

71 

26 
26 

i 

55 
.75 
67 
95 
95 
55 

CDa071 19 
CDa081 .19 
CD4507 35 

CD4510 1.00 
CD4512 1.10 
CDa516 .79 
C04518 r 10 
CD4520 69 
C34528 155 
74CO2 45 
7aCoa .32 
7aC107 79 

SOCKETS 
8 Pin Low Profile 

14 Pin Lou Profile 
16 Pin low Prol,le 

20 18 Pin 10w Pr01,le 30 
22 28 Pin Low Profile 69 
25 0 Pin Low profile 89 

Bowmar 4 Digit LED Readout Array 
- Full 1/2" Litronix Jumbo Dual 

Digit LED Displays 
4 JUMBO .50" DIGITS ON ONE STICK! 
WITH COLONS & AM/PM INDICATOR 

$395 
DL 722 - C.C. DL 728 - C.C. 
DL 721 8C.A. DL727-C.A. 

99c $1.29 

NEW IMPROVED 
UNSCRAMBLER! 

$25.00 
Punched and Printed Case 

Plugs into earphone or liter.' 
speaker of any Scanner or Monitor. 
GueranleW to unscramble eny 
1185 can. 

LINEARS 
709 Operational Arndt l ter 25 
710 Differential Comparators .40 
711 Dual D,Nerenl,ai Comp, 35 
712 Hatt Adder 25 
7a9 stereo Pre -Amp by Fairchild 2151 
1.701301 Operational Amplifier .30 
L M 307 Oper al tonal Amplifier .30 
LM 308 Operational Ampiil,er 95 
L M 309K 5V Lamp Regulator 149 
IN 710 Voltage Comparator .25 
IN 311 Voltage Compalalor BS 
1-1.1318 Operal,onai Amplifier 1 15 
LM 723 Voltage Comparator §9. 
LM 324 Quad Operationai Ampid,e, 1.20 
LM 377 Dual 2114 Amplifier 

r LM 3900 Ouad OpAmpliI.er 40 
LM 741 . Operational Amplifier .25 
LM 748 Operational Amplifier 25 
NE 553 ' Ouad Time, 1 95 
NE 555 Timer 40 

E 556 Dual T,me, 95 
NE 567 Tone Decoder 1.25 
rabo Duai Op -Amplifier 55 
75491 Ouad Segment Driver 35 
75492 Hex Digit Driver .35 
3043 IF Amplifier .75 
8038 Vomit. Cent Onu 395 

8212 - 110 port 
8214 - P.I.C. 
8216 - Non Invert Bus 
8224 - Clock Gen. 
8226 - Invert Bus 
PI O for Z-80 
CTC for Z-80 
8228 Sys. Controller 
8251 Prog. comm. interface 
8255 Prog. perp. interlace 
8820 Dual Line Recr. 
8830 Dual Line Dr. 
2513 Char. Gen. 
8838 Quad Bus. Recur. 
741.5138N - 1l8 decoder 
8797 -Hex Tri-State Buffer 
1488/1489 RS232 
TR1602e Uart 
7131863 Uart 

12V 1 AMP POWER SUPPLY 
INPUT VOLTAGE 25V MAX. OUTPUT CUR- 
RENT 1 AMP. MAX. LOAD REGULATION 
50mV. OUTPUT VOLTAGE 12V. LINE REGULA- 
TION 0.01%. KIT CONTAINS ALL PARTS 

Easily tuned EXCEPT FOR LINE CORD AND TRANS- 
Fun instruction included FORMER. 
Drilled IiÓergless P.C. Board ONLY $4.50 One Hour Assembly 

MICROPROCESSOR CLOCK &COUNTER CHIPS 
SUPPORT CHIPS MK50250AIarm Clock 53.75 í59E`5 ÉS1 

MK50380 Alarm Chip 295 sOG4C0CK FCM7010 Direct Drive Clock Chip 4.95 2.9111°,..,41,,,E,0 
815005 4 Digit Counter w/Latch 8.50 3 UpCH 
MK5002 4 0,30 Counter 8.95 Eya9 CyL tG 
MK50395 6 Digit UPI Down Counter 12 95 44H,N 1G9O MK50397 6 Digit Elapsed Timer 8.95 
CT5005 Calculator Chipwlspecs 1.25 
MK5021 Cal Chip *155 n 2.50 

3.50 
12.95 

4.95 
4.95 
3.95 

14.95 
14.95 

8.20 
10.95 
1350 

1.75 
1.75 
7.50 
2.00 
.99 

1.25 
1.50 
3.95 
8.50 

TTL SPECIAL! 
900217400 1011.00 
9003/7410 10/1 CO 
9004/7420 10/1 00 
9006/7460 611.00 
9007/7430 1011.00 
9009/74a0 10/1 00 
901617404 8/1 00 
9024174109 3/1 CO 
93c0/74195 3/1 00 

PROMS 
1702A -1K- 1.5us 3.95 or 10/35. 
2708 - 8K Intel - 450ns 14.95 
5204 - 4K . 7.95 
825129-1K ' 2.50 
2708S - 8K signetics 65Ons 9.95 

ITT LED DRIVERS 

TT SOt Ouad Seg. Or á5 
TT 502 Hex Digit Dr 9 pa` 
TT503 Ouad Seg. Dr a9 We 
TT 506 He. Digit Dr 9 ot 

Hste TT 5088 Dign Dr .49 
TT 509 B Seg Dr 9 pese 
TT 511 Ouad Seg Dr 55 t ,054 
TT51a8 Digit Dr 59 

15Y3s 
_ o 

FAIRCHILD RTL's 

The most popular digital IC's ever 
Produced. Very hard to find! 

UL914 DUAL 2 INPUT NOR .99 
'UL923 JK FLIP FLOP $1.19 

UNMARKED--eic 
1702A EPROMS 

3.50 Ea. or 10/$32.00 
LIMITED SUPPLY 
*IMSAI SPECIAL, 

S-100 Connector 
$3.95 Ea. 

Piñ010 
HUT 

DIODES 
IN 4002 1 Amp 100 P19 40/$1 
IN 4004 1 Amp 400V 15/51 
IN 4007 I Amp 1000V 10/$I 

GERMANIUM DIODES 
IN 54A $8/$1 
IN 270 10/51 

ZENER DIODES 
N 746 3.3V 400M 
N 752 5.6V 400M 
N 1958 8.2V 400M 
N 5259 39V 500M 
N 5271 100V 500M 
N 5280 180V 500M 

HOUSE # ZENER 
4.7V 500 MW 
9. V 500 MW 

10V 1 Watt 
I5V 500 MW 
22V 5 Watt 

SWITCHING DIODES 

4/51 
4/51 
4/91 

30/$1 
10/51 
30/$1 

10/$1 
10/91 
8/S1 

10/$1 
5/$I 

IN 4148/19914 Long Leads 20/$1 
IN 4148/19914 Cut Leads 40/$1 
IN 4148/19914 PC Leads 100/52 

CAPACITORS 
ELECTROLYTIC 

AXIAL TYPE RADIAL TYPE 
20MFD 2509 5/S1 47MFD 350 PC Leads 1041 
35MFD 25V 1541 68MF0 25V PC Leads 041 

500MFD 350 541 330MFD 50V PC Leads 541 
1000MFD 359 PC Leads 441 

150 PF MICA 5% 10151 
COMPUTER GRADE 

1.900MFD 35WVDC (Mint) 342 
8.000MFD 15WVDC 95 cents each 

33.000MFD 40WVDC 
TANTALUM 

IMFD 20WVDC PC Leads 1541 
4.7MFD 1OWVOC PC Leads 541 
33MFD IOWVDC 641 
22PF 10 1041 

54.00 Each 
CERAMIC DISC 

68PF 509 00IMFD 50V 
100PF 1009 002FMD 2009 
150PF 509 01MFD 200V 
220PF SOV 029 FD 2009 
330PF 500 3.3PF 5009 

MIMED 5000 100PF 5009 
PC Leads 25189 cents No Mix 

HOUSE #TTL IC's 
7400 10/100 please spec,ly 7437 611 00 
7404 10/1 00 7438 611 00 
7408 1011 W 1141 01 74141 311 00 
7420 10/100 are ordering 74153 31r.00 

House Number TTL. 

CRYSTALS 

t.: 

D 

300 KH7 51 50 ., 
3 57945 1 25 

TRANSISTORS 
INTERSIL 0501 TRANSISTORS 

Originally Cost 53. eac 

Slmller to 211913 
2 Per Peck 2/51 

GENERAL PURPOSE 
2N 2905 PNP 9 51 
211 3904 NPN 6111 

' 2N 3906 PNP 6151 
1 2N 3392 Pro- Amp 25151 

2N 4400 NPN 10 S1 
2N 4402PNP 0/51 
EN 2222 NPN 8111 

. EN2907PNP 8151 

POWER TRAN 
115170 2009 NPN 95 
TIP291EP9671 NPN aIll 
TIP 30 1EP9291 PNP a SI 
TIP 31 P C leads NPN Sill 
MJE 2370 3/51 
2N 3056 75 
TN 7021 Br RCA 95 
FET lIS 75 HOUSE a si se 

VOLTAGE REGULATORS 
7805 Pos 55 1 Amp .99 7818 Pos. 18V 1 Amp .99 
7806 Pos 6V 1 Amp .99 7824 Pos. 24V 1 Amp .99 
7808 Pos 89 1 Amp .99 7905 Neg. 5V 1 Amp 1 10 
7812 Pos. 1291 Amp 99 7912 Neg. 12V 1 Amp 1.10 
7875 Pos 15V 1 Amp 99 7915 Neg. 159 1 Amp 1.10 

723 VOLTAGE REGULATORS 
Output voltages variable from 2 volts to 37 v0115 
A very versatile and popular device -14 PIN DIP. 

69c 

MOTOROLA VOLTAGE REGULATOR 
MCl a69R. TO -66 9lead package for 3 to 300 out- 
puts Provides 600 MA direct output or more by 
using an external lower transistor Regular calm 
tog price -5400 each With Specs St.95 each 

1' 

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 

BRIDGE RAMS 
RECTIFIERS 

^- 200V 6151 
6 Amo 509 110 

10 Amp SOV 1 25 
25 Amp 50V 1 39 

* * JOY STICKS* * 
FOUR 100 K -OHMS 

POTS Jr 
Ideal for 

C 
electronic 

games ' $3.95 

(All prices subject to change 
without Prior notice.) 

P.O. BOX 38323D 
DALLAS, TEXAS 75238 

AN EMPIRE IND. CO. 

MICRO -DIP $1.95 
New - Series 2300 

The World's Smallest. 
Coded BCD Dual -In -Lana 

Switch! PC Mount 
2300 02G BCD 1-2-4-8 
2300 12G BCD 1-2-4-8 

Compliment 

21102-500115 
21 L02-250NS 
2114-4K 
1101A - 256 
1103-1K 
MK 4115-8K 
740 200- 256 

60 Hz. Crystal Time Base 
for Digital Clocks 
$4.50 

Buy2for$8. 
A 60 H7 output wdh accuracy comparable to a digital 

watch. 
B Directly interlaces with ail MOO clock chips. 
C. Super low power consumIlion 11.5 ma type.) 
D Uses ialesl MOS 17 stage divider IC. 
E. Eliminates forever the problem of AC line glitches. = F Perfect for cars, boat, campers, or even for porlabie 

clocks al ham field days 
G Small si/e. can be used in existing enclosures. 
KIT INCLUDES CRYSTAL. DIVIDER IC. P C. BOARD 
PLUS ALL NECESSARY PARTS & SPECS. 

8111.50 
8/15.95 

14.95 
8154.00 

.35 
19.45 
3.95 

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. 

. s . _ ..i ° -- "_- v _ , . _ 
.. ,. 

° o.11i" - . 
° 
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0 

14b3 .70 
M340Pw Po 

7495 90 1,1155;Íá J9 4p0Ü1 ]5 Ml4;Pa0 9318 
6!.,oJÓ 

* 1489 3Íá 115113 .Á 1001 13 µO1P-1} Po 4R1J V4 

7400 11 7,6115 .0 00. I13 61JRu 00 1.310071 ,aa7 23 MOIP./1 03 4 -103 * 7191 
300 

7415076 .43 4009 .30 10341 7.24 ,00 6_ 
7494 7415131 AI 4000 1 03400 1. ;.Slj 3 )403 u)41513E 3 

4070 
549N 1 60 65 q139; I+9. )0 ]01511, , l 011 11 41596 ]7 6V5]54] 

716110 .71 409 
31 

1413106 H M il5l5 
11100118 

1015151 .]5 4013 
05 Mte00N 

.M 61MJ031A 
... ]4121 ]1 

74615] .75 4p11 . 6pIN 110 nR1e10 .. 
T1119 33 

7415154 110 1015 .96 01813N 30 Mg3641 
741161,36 

3t15155 .15 4019 .0 M/0306 500 Mwwl6d] 

7021 65 
15/50 . s 017 I.Ó5 03BON 100 26390+ .. 

* 141m . 7415151 .25 4310 1 U5 M3171N I 25 1773000 ... 
74173 ,44 

740259 6 w10 
134 

MYgIN 1.50 a41]4 ' 
) 6160 IAa I la 7917" I50 264116 . 

* 14136 :0 7415161 107 121 6131906 130 1401 ' 
7111, .M 74/6163 101 13,30036W00pN B9 164403 

21/L155;65 13 
73 AV000N 65 7141410 

A1Po56 0 40 2650 1 

71145 :70 
/4U140 114 11 µ30/09N e9 a6S09V . .. 

I11471.63 1161ro 1.I 40 0" IIN I50 1v510 
* 746773 7 P M (/4533 I 00 33M5 

746174 IOe me 0C465V S] 07 

145175 M a030 MC1331N 
746191 250 40J11 c33017 

14ú;Ó ; ;! r"i[051b0i 

7415192 .98 613553 
1461% ,.19 X65566 
]4610d .65 15586 
7415194 

.87 
9 10 E4b08 1151Po 
6 

746197 .9696 
70 

NE5618 
56113 

74157A 
1415710 190 E545A 
716741 1.90 FSMv 
7115747 1.70 615115 
7415143 I70 U4/700(1/ 
7415244 I 70 U671.4 
711519 86 U/J1169 

v 
1415249 70 114713U 
162,9 79 23 1.117331.6 

]06]Sl 047] 11,1741C3 

7415257 .75 11 U414CA 
7415159 .75 ; U7,474.903 

479040U 1.15 
11479060/.35 
407919(0 1.25 47 I 

1.14791HU 115 4714V 
U411201 I 25 47 253 
007615(0 7 25 4 35v 

42190763/ 125 47 503 
U4I132401 1.75 100/I0V. 

UA)81054C1 .b /00/It3, 
1347e1066C2 ,40 100/253 

74113 10 * 74141 88 

ñ 

Í6/l0 
9 . 

1,10 1 551C 
IA10 Il 26/C .3513.7 

ÍS/10 19.00/C : 0 3.23/10 77.0 
2/10 950/C .191.4810 13 71/C 

16/10 9,1]/C .21 
65/10 14 N/C 31 
eeno 610/c 
63,10 14 00/C 4 3 e3/10 30 60 C 

30 10 39 7]/C 70 1 61710 15,15/C 
11/10 11 16/6 30 164710 15.117,C 
3IIO 14 55/C SI 1.60//0 00.10/C 
1/10 15.30'C .33 1.46/10 74.5070 

16 96/C .43 J.4/101.e9/C 
73/10 34.09/C 

603 95 80/C 
]6/l0 I5.54rC * /1 /44/7 m74 000 IOv 14 . 10 1901/C It 3.02/10 ]R387C 1ne p 

000,163 .r .]5110 10OelC I1 ]A3r10 3163 C 

I. 000 25v .42 33/10 74.40/ 8 54,70 501]/C 
* ID 7 / .0 35v 60 4 8//00 4445/C .á5603,100591/( 

770 v x 0076 100 64 .. 36 2 36770 26 48/C g] 4b10 11 60/6 

117a «i 34 1 1203/10v ,47 3 33710 28 60/C . 9 10 45/C 

mi4 m ]MDr,ev 
.. 

54 430/10 M 58/6 A8 5,2/l0 5Ó.13/C 

* MINIBOX METALIZED POLYESTER 0<-: 

* .'6 4 50.0 50 3 
CAPACITORS 4 

*1.1: 
10 I :-.1:-...=:{ 

w 

W( 001 14 i 13 10 0 

ym4 0077 04 15,10 * ñ ow.. /4 WI. 
i Y iw ó / :II 74 :II 10 600 C 

pw / / / 

006114 1'1510 000.0 f MOLEX I.C. SOCKET PINS } ol 7, 715 l0 900/6 
* .65/C 323/9 ]370/539 604.007504 013 75125101000,6 

FI MICROPROCESSORS 
00904 8.911(%1 2 USFC MU... 
812 BNIIOKMi 

*I921., NaID0iO3A18U5961VF9.. . .. .t 3 

9714 CIOCR OExF0A/04 . 5 1 ]5 
* 8718 sYSTfMC06TROlIFR .... . S 600 SE 

8751 C0.06RUCA11I9001NTFREIQ f 10 50 
e755 6RIPmR/4IN6REA6..... ... 10 so ÓNE EACR BEEKf.. 
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The NIBBLER is Digi.Key's new low cost personal 
hobby computer. Based on National Semiconduc7o1'S 
SC/MP-II microprocessor. the NIBBLER includes 
4K NIBL Basic in ROM and 2K of RAM. The 

NIBBLER requires 5 volts at In amp providing 110 
baud serial ASCII 370 which is easily interlaced 
with o CRT or Teletype. And our low price of 
5149.95 for on assembled and tested ystemI 
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Call or Write for 
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Assembled and Tested, yet only 5149.95 
Standard 4.5" by fí15" card with 72 pin edge connector, 
pattern 
All IC's are socketed for easy maintenance 
Memory expandable to 28K 
110 Baud Serial I/O 
It Speaks Basic Beautifully 
4K NIBL Basic in ROM and 2K of RAM 
Easily Interfaced with CRT or Teletype 

CATALOG NUMBER NIBI-ND 

91018 54 00 
00118 54 00 
9U11B S3 00 
O014B S3 00 
0014B S3 D0 
9msa 51.00 
90165 S4.08 

(not di Ountablel VOIiGf RFG BR, 128 P, NAf SEMI ... .0017e S].m 

SOFTWAREIHARDWARE MANUAL MANIl-ND $5.00 all BC. Ot . 11.NAT,SFMÍ. OOIBB 51.88 
Sm P C B1 01.2.ÑeP.NAr.S[0 00209 t400 
ALOIÓPNi6oeooli. loa P NAT. sEM . 90109 u 00 

(not dncountoblel K P CR0 APP NANDBI. NAT SEMI 0220 S5 DO 
SP[(I^/151FIL 10N0.,ABB NAr / _95]35 SUE, Ip1Z g,5/ High Diglns NE. SOLDERLESS 

c 
POWERACE WITH POWER FROM AP 

14V3 7g 

0030 
01 
0aa 

má3 
4025 

mí3 
4035 
00m 

4042 

Iae 
4046 
4a0 
4050 
4051 

053 
4053 
aw 

4071 
071 
4211 

013 
4o]s 
,001 

40 
ev 
74 

131 
130 

lee 

126 
/ 56 

.55 
.35410 

.55/10 
..10 ;.55/IO 

.../6 I1611 

le 1.51/1 

...le 
7:1 

360 ( 13000/0 
...16 1.55710 úe0/C 73000/0 
..le 1.55110 13.00/C 73000/0 
../6 15510 7JMI/( I30009 

730 00 
13000 
n0.000 

.le 15 

1! 1557/0 13607,( 
16 I50/10 13.60( 1330011 

.16 1 )5 10 3.60,6 130 00 M 
. 1.;010 13 60 13000/M 

.16 1.;5110 I]eo,C 13000 0 
04 03010 8500/( 300900 . 

335/10 00e0/( 300300 
10 1051;) :3e 50/l0 40000 

Is5 6V.355 40 260/10 ]5 000 330001 
6/11935. . 930'/0 95 00 9170000 so 

4 

34;SÓ ; 
b 

* NIs, 10 
]41s3 es 

/1'1 
4751 I m 

* 71155 0 
14157 70 
)419 70 

* 111.0 65 
74161 63 
74167 63 * 74163 Be 
74164 . 

* )1165 1.71 
74170 1 M 
11110 ].M 

*1131 
93 

7406 76 

1415]el 200 4087 6507 
]465166 30 

4510 
7415173 1 26 454 745283 79 4511 

/4iTT19%qq7 45;5 
165)95 1'2 45/e 

74105 65 )46)01 1 30 4520 7413365 6] 
uA1elOBAC7 40 100/15v 7415366 .67 45R 1, UU9l10ACI .00 100/50V 7415361 .67 

7415.58 .71 1RI6tl6CE UA7841a4Q .40 
T77C120;IGV ;3 7415D] 1,50 8003 40 U41665ACI 0_ 165 11 

1413384 .39 3004 <0 UA7B6BAC2 40 
7413395 0.74 8095 .01 UA]8U<4C7 401 35V 25 

)1156)0 234 90N AJ UA1005N 110 áV , 743457 811505 .77 8097 .4 UUPoKU I 70 4 

IS * 74366 47 87690 .40 BOOB .67 U4]008N 1 7 II / . 

74347 47 8/1597 A 15150 N úA70U9(U 1-0` 2fV ]2 y 14365 67 81600 77 51 I 2)v11N I 14 

J 0 sóv .::53 IIPREPAIOHI-I 2N UAI915CU I10 
I M- 1 UAROIeN I.ID 

"- 
470,63 05 ly .ce... 1 MM3314N 3.1 0A7924N 1 7 .7OÍ105'.. ,21 

1i 14+14,5r 
481ev . n 

LC. SOCKET no/m3 , r 
0/35V 57 
0/Sw N 

ELECTROLYTIC CAPACITORS 
2w 'TAW RADIAL 13410 0401611n 

40 /150V 09 6510 541/C 11 Po 0 165C 
350 100/ 0e 45,10 5474 .11 40140 7.00,C 

1í0 3]sw O8 5/00 541,C 11 00r10 )1/( 
750 ii150s5v o089 55%;ó 3.4;C ;)1 ?5;Ó áñ;1C 'o 4.r 6501003 '15.95 
IA 4 50Y 

OB 

69/10 
5 Ú 533/( .1710000 

10 
10 Í 

31 C 

p0( /',^ww 
l34 0315V 0B .,510 556/C II ill, f CLOCK MODULC- S 10 3SV ..m ,IO /0 III 3 I 10 10 9 Po C ,- 

' 10 SOR ..10 7S/10 SB/( 
1n 

1 IS 10 9 56 ( 

S3 ] leo 0/ 707,1. 5.6.7( 2 100 10 B3,rC Prices Slashed m í1 35V . m 10710 7 W 6 ,3 1.05 10 8/41C 

30 
35V . II .85/10 130 C 

70 1/0 10 008/C 
2l SOV Il 1.00/10 65B C 12 1 11/10 71.197,C 
]] 163 ..09 .S/lo Po/C 11 I00 10 

á.0 
C 

. .0/710 135/0 N 1 /5,10 54 C 

05/10 5/( A Ju70 23 C 

21i;á I152;C ;3 ;Óirlá Ió5ÓrC 
10 .BI//0 I39'C N I IS 10 050 ( 

9es/( 17 1 30,10 1.99 C 

15 1./10 /0d1/( .19 1.541. 1189 C 

05 1.71//0 II 1./( .Í0 0,1710 14 S5 C 

10 .)1110 III . 4 1/10 .Se C 

I/ BS/lO 739/C ./7 1 30/70 01.Y! C 
] .0/ 

27 i17 

01.,11 /4441 5.0 000/9V 12 13/10 le 50 

1X52419 ITV 1152579 33. 

033 
;0 

/ 15 1 

loro{ 
062 5 11t iU t 

0o C 

n 134 0/I0000C 
]2 

11, 

1 es 10 IS 00IC 

.33 36 300 /0 3+004 

w^«v rác;a//,17. p.<o . 

PI 

''',.1.:,01.147..:::. ,..,,11 v4Rwo54u6.rnlsrdnRnn 

Beyond All Recognition °° 

MA10071 5 1 M1N5.a, 
1 1 35 

x1711..,,..+-tr.,,w.t...As..., ,..p///.00noo pnNslmr 
MA. 0073 11074 64l fi 7 95 

Sw 

axcsnM.54,6w.w/,..,1....51./-, 54.: 9.95 
.rnrlar/uM 

n0 K AIIApw.14,s4x(1irwc+/mµ11130110 51 
MAI00l14rN,(16c4..,.twnN. Nliil 15.9$ I _l. Ir Itñ p a,.c /N 214.1 NO 1 15 

.v(áisiM/NI 
4040.0 

/,wni..4áv«o°N.u6mRnrnuw Iw610 4 

5.,..r(r.r . 
DI 9144 Ste04r p0p1/' OMbiw'xóáelww;onp/ 

. . ,.,. / 4.,.. ..11 úó4..v..e6m 
...r . .. 

he nn.e __PNG In 
w n. urr n..N /r. AP l/n_o rUw00nitxr 

OIGxNEY MEANS OU41YPRODUCTS tippl4'M/sémllmie6l/INox/ 1 

7050 NO' 

*TOLL FREE WATS VOLUME OISCOIINT5 I;1 ,6,1d, 

71333 

ái YM /5 

4M w... w/6., 6- N/.:7, áNirtae'K1w/a' üoá/orñ li 10177 No 4 

rrr. m/ a / Mi/[eMrrvrüriñrwirM1irr'IwiO(M1 w(3 

NMJDIGITAL - '°°E^^:r1:11a /'- 
'^5 75 

© - J DISPLAY k .. I ..1 N.t./r 1 MS3 
$6.89 -111/110.10911.141(L4005 

a.M1`n' á':i,10 
544 i3 

piE' óúiM 2' 

MA101D2 e4 nD/x.w.M.6(Nn w. '4a.º 9.95 

0.460100 SO N.0/r./.,I.n.. '4ae26 11,95 
M1010C 54 007411..o4e r,Av. 4a.w 9.95 

A/010(SRx..,N./1rt1...-1s.r.. 16M 11.95 

83u. £ Seo OaCatalog 

0144 me nd tool -- 
Dual 8 Watt Amplifier Set 

pA71N7E0 c"ROA4rB16R SCOFFN, DE CAST MR1I EXAM 
610UrvTS IN 70m15 UP 10 3/l6" 114101, NO 4R105[0 
HARDW7,ARE, SCRATCH 46151407 1N0 1450 WANED, - 
OIM NAT6 G0A0E UN .111041 

MOUIIRIG ADAPTERS AVARAMF 70 pm». MOUNTING O11 4i/v4w0 V N+Rvlinw (1 nr.r 4/0 Ie 
460ASSUREPER15046GNM[NI mrKuae,nlnM,nr40r/tpa/r9 

.M BEM "ma RID FR OR . .. . . ..4.t1 cw + 

N 6bU7OING AOAPTER f0R MA1m1 , MAIO04 ,. o.0 ,94.11.14.16,17,1; r0 no4. 1r11wz$U+/ 11.81 
r 6qypl l.6 ADAPTER Ft ...1121.12 o 

x 
WIZ. - 

8080A1 DOUBLE DIGIT DISCOUNTS SAVE YOU EVEN MORE! - BI 

S 
325 CHIP 

64001 64 1á 5 50 C 

192 66.1 5 60 C WW2 
48.10 5801 

p004 70 10 2 05 ( 
61005 8110 Ob( 
ROOK. 00 10 ] 5/C 
6400, 00 10 8 60.0 

149 .010 350( 

IDE SWITCHES 
5951 15 1 75 10 10991 

10 1 70 10 
00 
00 0 

9601 13 )00101?00,C 

07p1.6.yM.44n.o604/rYs.0v10e074Sa./nv6 ®:* * * * * * * 
NO 840[6026060 45/C 

HANDLING VOLUME DISCOUNT l 
HANDLING CHARGE 

-POWERACE 103 
pOWERACE i01....'. pWER 4CÉ 102 

1923103 5124.95 
' 

923101 .$84.95 
9231112 $114.95 

POwFRAC6-le 7.11. 4913,416.0.+,43 6uil6/rg a4 /es/,.g 01 m00e/s 16,0 0U e11 01/ MP 6/101-1v7 10.5'0 artl dot re7eE ...Is to 033 O,ome/er PONIBACF 101141 a.an061e 5-15 VEX 600 ,m me, faP51r P0WIR6CE Im 1m/.,es 011601 

SVDc 1 1.11.. sW01r em Pow/RA0 703 /717 0 Coed 500C 750 mo Kw, 7vpp1r, A 3.r611, I5VOC 750 no 00163, 

6.3716e1d7//M 1630606160r4101.e250on 

I 5% CARBON FILM RESISTORS I 
SAMMq BOOKS 

7. RESISTOR 6SSOR1606N15 - -, 9}}ErllS 

.Sul ` _ _ 
_- AJO °'t0letp lM/ 

1 Nrle1 nmvin Í.Ñ,02 ` el 
45123 

..1.', 
. - 

-: ri _.'. .r 307,90 M/WWnNf5OulaugD' 
w2nREsnrovAssoRTMENrs útieNNw1106tP,no.o1on111/ 

( 5á 1a7r4Mr mn1m 

OP 5411(0.110011 

6f030 - 59.99 
n1Ó0N1oo.w. 

4,OH 
W 

95 
_ sxsD ..., r .. ; ..- ., St,tOA Mi7uiiai/w.n o'i5W 

/Nn á°: ó /5 

114MN 24.7. 7... 
+IWtd 

u/rnrtunNUd 

á41nNp 

prldir,c I SO 

i 

116 

VOLUME 
CHARGES 2' , j 6 w1 tÍ:Noopy 0664 DISCOUNT 

f 0.00-$ 4.99... Add 52.00 he combined for discount. 5í/0l-/olal $ 0.00.5 24.99 NET 

f 5.00424.99... Add $0.75 ,w3am'uél,3wm. ii. oáéro Fi 7.á S 15.004 99.99. by 10% 
f 23.04$49.99... Add 50.501 Ií11 IM mr/IruoM6ae4 1771. Odd f 100.004499.99 . Lea 15% f 50.00.599.99... Add $5.15 Ile l4ndl'e 9 tb4f 574 ,1 0070 7041 $ 500.04599.99 . lea 10% 
5100.00 & Up ... No Charge 40 6dá024°171 nIlnwe ú 5 4/d C070om. $1000.00 B Up ... tees IS% 

Ore0r0 AcOaCar a 6y CODPl. or Malt 
rcM1 coo < alt Ordor Mre 

1 
e 

r -II Mln°. 36)Dl 11181.8 1.6674 

DIGI-KEY 7, 

CORPORATION 
Quality Electronic Components 

P.O. 677 %of.River Feb. MN S6701 (215) 601á67á 

/COMM@ /0.10570111041( 709.74a w 0 
45 

üwV:117404704154077 
aw:ñi1:ó:K°+61a°n/wº'.` 71311110 II i13 ±© 

901.1140 
3 OMNI 

4ii1.r0 M KO 

Nr."1r7wn 1D1H7o 4'v' El 
/4.o'.1cA4::ów1i'nló4: ró.""'v 110,wó(1 

wº4ü40/nllnrwóalNNn4w1p0a 11 
.0 SO ISM/Dia1111. I 55 

91a.4..a4.41N,/6Mi11M1DNe 
1111 t" © 
mm No 7.91 

Ñ 
95 © 

40nE(fa11456gatMwn 
114i4Ó 

'0 In 
I 41 

'hp`"nMO4515 
537.10 

5xpo 
1,11:1.:.:,,z111.4....7,1.-0'75:1iNO 

v1 4:i 

0rnüi)cimw6Nn40'f'dl ..j1Íis.'xo 11 
iE1M OSBORNE MICROPROCESSOR BOOKS 

_ v 
N1t DeOeen*4/ 

j 
Light Table 06tn66 w.1 4 SO 

----T. \ '"°°.(.°`M7,wú 
1003* NO 

1410 
.050/40 17 SO :NlWtuxc .-4NO 

1111,401,1 mix lOS, 

HA /84leSSKS -- 

v1o51/ 
11Y'.30- 511-4-rNWar 

,/(1m6 4qm ro13 (ow 
Cs. N01}00.7D...fllt.f0 p7NdN0 4 so 

1I D/uo3Iaeiq i0M1 w * 
50 VOLT DISCS It(a(eN . ó5755511. ó1 

190 Pr 40 10 ] solC - .pD(ñcmif a'n 220PF . .40/10 150/C Mplr,Nouduv 40P1.. . 710/10 3 s0 C °/i<ié4é5i°ieNúi 0p I 55249/4 MO 1 @I 

.001 Ur. .+0/10 3 50 C 9 

.0022UF .30710 3 50 C040003041291101197 r91K( u 
In mwg 504 

.0747 UF ,.40/10 350/C 1 R Ps * .01Ur. 45/10 3 65 C ' 
D27Ú7 50/10 400 C ,oc 56f * 

,347 UF .70710 5 60 C r90lltsm3c VIIIn/Ot 5014511 10 5, 

1 UF 1 35710 11.50 C II0arAM.n onK 4 

75 10501,11 Mr0.71, 

1799407.104 WO 101/. 5ó 

"slm1wu`/dNl' o.al 

STRANDED 
HOOK UP WIRE 

1347 0V(7 50 100 10 00 500 - 
=go PVC1.80 100 1 25 500' 
24 go 74C2 60 10011 25 500' 

MP 71 

CIRCLE NO. 11 ON WEE INFORMATION CARO 

*. * * * * * * © * * ' * * * * * * 

AmericanRadioHistory.Com



 

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 
ADVANCED MICRO DEVICES 

AMB0203 8080A/9080A MOS Micropro- 
cessor Hand Book. Detailed descriptions 
of the 8080A and associated CPU 
components. 
AMB0205 MOSILSI Data Book. Otatic RAM's 
dynamic 4K RAM's, 2K EROM, siift registers, 
FIFO memories and complete micropro- 
cessor and support circuits. 
AM80206 Linear and Interface Data Book. 
Comparators, data conversian products, 
Line drivers/receivers, MOS nemory and 
microprocessor interface, Op Amps, Voltage 
Regulators etc. 

Value $17. B5 

' 

r 

PACKAGE NO. 1 

UNB0400 Unitrode Semiconductor Data 
Book. 500 pages on rectifiers, ful wave 
bridges, transient voltage suppressors, 
zeners, programmable unijunction trans- 
istors, etc. 
LCC4162 TTL Supplement. The most recent 
TTL functions are included in this supple- 
ment to the 2nd edition of the TTL Data 
Book. 

RAB0606 Raytheon Selection Guide. A full 
line condensed quick reference source on 
all Raytheon Components, 

LCC4151 T.I. Linear and Interface Circuits 
Data Book. 688 pages. Complete specifi- 
cations on the 75 series of MOS interface 
peripheral driver, memory sense amplifiers, 
display interlace circuits etc. 

Value $16.90 

PACKAGE NO. 2 
FSB0104 Fairchild Bipolar Memory Data 
Book. Bipolar memories, ECL static 
memories, TTL static memories, TTL 
dynamic memories and macrologic. 
FSB0105 Macrologic Bipolar Microproc3ssor 
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. 

PACKAGE NO.4 
LCC4041 T.I. Power Semiconductor Data 
Book. 816 pages germanium and silicon 
power transistors, SCR's, Triacs, darlingtons, 
silicon power high voltage and low voltage 
types etc. 
SIB0303 Siliconix High Speed Analog 
Switches. Complete specifications, charac- 
teristics and applications of the DQ300 
series. 

SIB0304 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 
information, application and design aids, 
characteristics and device I application 
selection for this latest in technology. 

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, safe operating 
area, reliability etc. 

Value $14.35 

PACKAGE NO 5 
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 application of 
complete peripheral drivers and interface. 
LCC4290 T.I. Line Driver and Line Receiver 
Data Book. Complete data on line circuits 
and application information. 
GIM0100 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 
1Ae 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. 

.rActive 
WElectranic 

Sales Corp 

P.O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 
Over - the -counter sales, 
12 Mercer Rd., Natick, Mass. 01760 
Behind Zayres on Rte. 9 
Telephone Orders & Enquires ( 617)879 0077 

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 $2.00 TO 
COVER POSTAGE & HANDLING Canadian 
customers add 30% for exchange and handling. All 
federal and provincial taxes extra. 
Foreign customers please remit payment on an 
international bank draft or international postal 
money order in American dollars. 96 CIRCLE NO. 1 ON FREE INFORMATION CARD 
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10 100 
For For 2N2160 .65 

164001 .60 5.00 2N2646 .45 
164002 .70 6.00 262547 .55 
164003 .80 7.00 264851 .75 
164004 .90 8.00 264852 .75 
1N4005 1.00 9.00 264870 .50 
164006 1.10 10.00 2N4871 .50 
164007 1.20' 11.00 MU4891.50 

/ 
400 

7401 
7402 
7404 
7405 
7407 
7408 
7409 
7410 
7411 
7413 
7416 
7417 
7420 
7422 
7425 
7427 
7428 
7430 
7432 
7437 
7438 
7440 
7441 

7400 TTL 
.18 7442 1 08 74107 
.21 744.8 1.15 74121 
.21 7450 .26 74122 
21 7451 .27 74123 
24 745.3 .27 74125 
.45 7454 .41 74126 
.25 7460 .22 74132 
.25 7472 .39 74141 
20 7473 .45 74150 
.30 7474 .45 74151 
.85 7475 .BO 74153 
.43 7482 1.75 74154 
43 7483 1.15 74157 
.21 7485 1.12 74161 

1.50 7486 .45 74164 
43 7489 2.49 74185 
.37 7490 .69 74166 
.35 7491 1.20 74174 
.26 7492 .82 74175 
.31 7493 .82 74180 
47 7494 .91 74181 
40 7495 .91 74191 
.21 7496 .91 74195 

1.10 74100 1.25 74197 

MORE THAN 20,000 DIFFERENT COMPONENTS 
LINEAR 

.49 LM301H .35 LM741CH .45 

.39 LM307H .35 LM747 .90 

.39 1M309K 1.25 LM748H .45 

.39 LM311H .90 1M1458N .80 

.39 LM318N 1.50 N5558V 1.50 

.79 LM339N 1.85 NE5558 100 

.85 LM351AN .65 NE555V .60 
1.80 LM370N 1.25 NE556 1.50 
3.50 LM380N 1.45 UA702 .80 

49 / 75450BP 
.55 75451BP 
.49 75452BP 

1.05 75453BP 
.60 75454BP 
.81 75491BP 

3.00 754928P 
1.15 CA3005 
1.10 CA3006 
1.25 CA3018 1.10 LM588 2.25 UA703CH .45 
1.35 CA3018A 1.60 LM711CH .60 UA709CH .30 
1.54 CA3026 1.50 LM723H .75 UA749CH .45 
1.30 CA3048 .35 LM741CN .45 
1.45 
1.65 
1.65 
1.70 
1.95 
1.95 
1.05 
3.55 
1.50 
1.00 
1.00 

74L SERIES TTL 
74L00 .33 741504 .45 7415113 .98 
74L10 .33 741510 .39 7415138 1.89 
74L30 .33 741520 .39 741S174 2.50 
74L42 1.50 741551..39 7415386 5.50 
74L86 .69 741574 .65 745153 2.25 
741500 .39 7415112 .65 74S387 1.95 

74H00 TTL 
74H00 .33 74H11 .33 74H53 .39 
74H01 .33 74H20 .33 74H55 .39 
74H04 .33 74H21 .33 74H73 .59 
74H05 .35 74H30 .33 74H74 .59 
74H10 .33 74H40 .33 74H76 .65 

MOTOROLA 
MC663P 
MC666P 
MC670P 
MC679P 
MC725P 
MC789P 
MC79oP 
MC817P 
MC836P 
MC844 
MC853P 
MC876P 
MC1004L 
MC1010L 
MC1305 
MCI 352P 
M C 1357 
MC1371 
MC1439 
MC1458P 

4001AE 
4002AE 
4007AE 
4010AE 
4011AE 
4012AE 
4015AE 
4016AE 
4018AE 
40196E 
K40206E 

4021AE 

2.50 MC1460 
1.60 MC1469R 
1.60 MC1489 
2.50 MC1496 
1.50 MC1510G 
1.50 MC1514L 
1.50 MC1595L 
1.30 MC1723CL 
1.35 MC1741CG 
1.25 MC1810P 
2.25 MC30041 
2.25 MC3007P 
1.25 MC3021L 
1.25 MC3060L 
1.95 MC30621 
1.55 MC4024P 
1.70 MC4044P 
1.85 MC14507CP 
2.65 MC14511CP 

.50 MC14512CP 

C MOS 
.29 40236E 
.29 4024AE 
.29 4025AE 
.58 4028AE 
.29 4029AE 
.29 4030AE 

1.25 4037AE 
.65 4040AE 

1.10 4044AE 
.65 4049AE 

1.75 4050AE 
1.50 

3.95 
2.50 
4.60 
1.65 
8.00 
4.50 
6.25 
3.60 
1.20 
1.25 
2.25 
2.25 
2.15 
2.65 
3.00 
2.20 
4.80 
1.25 
2.76 
1.70 

29 
1.50 

.35 
1.60 
2.90 
.65 

4.50 
2.40 
1.50 

.75 

.75 

IC's ON THE MOVE 
BBD BUCKET BRIGADE DEVICE 

MM3001 19.50 MN3002 11.70 
MM3003 9.45 

HALL IC:DN834 1.25 DN837 1.50 

DN835 1.35 DN838(NEW) 

ZENER DIODES 
// Watt, ± 10% $ 30 each to 33 V 

1 Watt, ± 10% $ 40 each to 33 V 

Voltages to 200V, and + 5% Available 

1 Megohm Potentiometer Made by Claro- 
stat. diam., split, knurled shaft Vi" long. 

NT544 5.39 Three for $1.00 

5400 SERIES VOLT.REG 
5400 1.00 5475 
5404 1.25 5486 
5410 1.00 5493 
5426 1.25 54100 
5473 1.50 54LSO4 

1.50 
1.90 
2.00 
1.80 
1.00 

RESISTORS 
V. Watt ± 5% Packed 5 of any 
one value $ 25 
`h Watt .5% Packed 5 of any 
one value $ 30 

\STANDARD RESISTANCE VALUES 

LM340K.5 1.70 
LM340K.6 1.70 
L M 340K-8 1.70 
1M340K.15 1.70 
LM340K 181.70 
LM340K 24 1.70 
LM340T-5 1.50 
L M 340T-6 1.50 
LM340T-8 1.50 
L M340T.12 1.50 
LM340T15 1.50 
LM340T-18 1.50 
LM340.24 1.50) 

SEE OUR AD ON JAPANESE 
TRANSISTORS AND IC's 

IN THIS ISSUE. 

MINIMUM ORDER $5.00 
All orders add $1.50 Postage & Handling 

Canada $2.00 
N.J. Residents add 5% Sales Tax. 

NEW FROM NEW -TONE 
Tiny Meter - Small enough to add to almost any equip- 
ment, this 300 uA S -meter has a removeable scale. Use it 
as is or in a voltmeter, as a tuning indicator, battery 
tester, etc. Meter face is 1/2" x 3/4". Body over-all is a 3/4" 

cube. Mounting centers 1'/6". NT579 $2.29 3 for $6.00 

12 -Volt DC Relay Rugged 12 -volt SPDT relay, with a 

5 amp contact rating. housed in a tough white nylon case. 
NT 565 $1.79 

Pioneer 6" Speaker - 71/2 -watt, 3.2 -ohm speaker made 
the way speakers should be made. Has heavy-duty treated 
paper cone, protected magnet housing, and a ceramic 
terminal strip marked with polarity. A beautiful speaker 
at half the price you'd expect. NT526 $2.39 Three for $6.00 

PC Boards - MIL grade, y,," glass -epoxy boards with 2 - 

ounce copper on one side. 
NT521 6"x3" $.50, NT522 6"x6" $.90' NT523 6"x8" $1.20 
Regulated Power Supply Components Kit Contains the 
components needed to build a fixed -voltage regulated 
supply including: 117/17V-1 ampere Transformer, Bridge 
Rectifier, 2000 uF Capacitor, and a 1 ampere LM340 
3 -terminal IC Regulator. Makes a fine "on board" supply 
or use it for breadboarding. Components only. Specify 
5, 6, 8, 12 or 15 volts NT525 $4.99 

Dry Transfer Patterns for PC Boards Includes 0.1" spaced 
IC pads, donuts, angles, and 3 -and 4 -connector pads. 
Over 225 patterns on a 2"x71/4" sheet NT520 $1.49 

5" Taut -Band Meter - One milliampere full scale, 31/2", 
scale length. Coil resistance 465 ohms. Made by Modu- 
tec for Bose. Meter scale in VUs (-20 to + 3). Meter is de- 
signed to be mounted coil up. Complete with "smoke" 
plastic cover. Over-all 576"x4". Meter face mounts in a 

L'/6"x23/8" cutout: A beautiful meter. NT539 $4.891 

ELECTROLYTIC CAPACITORS 
2.2MF50 Axial Leads .15 30MF25 Axial leads .18 
3.3MF10 Axial Leads .15 47MF25 Radial Leads .19 
3.3M F10 No Polarity .15 47MF50 Radial Leads .24 
10MF25 Axial Leads .15 100MF16 Radial Leeds .19 
1OMF50 Axial Leads .16 100MF25 Radial Leads .24 
IOMF150 Axel Leads .20 500MF50 Axial Leads .60 
25MF35 - Axial Leads .18 1000M F35 Axial Leads .65 

MICROPROCESSOR 
c1702A 9.95 2708 34.95 8008 
2101 5.75 05101.3 4.50 8080A 
2102 1.75 MM5013 3.25 8224 

Contact us for all your microprocessor needs. 

19.95 
19.95 
10.45 

RECTIFIERS .UNIJUNCTIONS HARDWARE - SOCKETS 
Nylon Screws, Nuts and Rivets - 50 piece assortment 51.99 
MK 20 TO3 Mounting Ká 51or 5.99 
NT -505 Mica and bushing. Specify 
T0.3, TO -66 or TO -220 10 sets for 5.99 
IC Socket 14 -Pin DIL 5.25 each 
IC Socket 16 -Pin DIL 5.27 each 
Wire Wrap 16 Pin DIL 5.32 each 

MU4892.50 
MÚ4893.50 
MÚ4894.50 
2N6027 .55 
266028 .70 
05E37 .35 
MÚ10 .35 
MÚ20 .40 

POPULAR JEDEC TYPES 
(N34 .25 261540 .90 262712 .18 2N3394 .17 2N3856 .20 2N4402 .16 

1N60 .25 261544 .80 262894 .40 2N3414 .17 263866 1.25 2N4403 .20 
1N270 .25 261554 1.25 262903 3.30 2N3415 .18 263903 .16 2N4409 .20 
1N914 .25 2N1560 2.80 2N2904 .25 263416 .19 2N3904 .16 2N4410 .16 
1N4148 .25 261605 1.75 2N2904A .30 2N3417 .20 263905 .16 264416 .75 
1S1555- .35 261613 .50 2N2905 .25 263442 1.85 2N3906 .16 264441 1.00 

261711 .50 2N2905A .30 263553 1.50 2N3954A 3.75 2N4442 1.15 
2N173 1.75 2N1907 4.10 2N2906 .25 263563 .20 2N3955 2.45 2N4443 1.35 
2N338A 1.05 262102 1.70 2N2906A .30 2N3565 .20 2N3957 1.25 2N4852 .55 
2N404 .75 2N2160 .65 262907 .25 2N3638 .20 2N3958 1.20 2N5061 .30 
2N443 2.50 2N2218 .25 2N2907A .30 2N3642 .20 264037 .60 2N5064 .50 
2N508A .45 2622186 .30 262913 .75 2N3643 .20 264093 .85 265130 .20 
2N706 .25 262219 .25 2N2914 1.20 2N3645 .20 2N4124 .16 2N5133 .15 
2N718 .25 2N2219A .30 263019 1.00 2N3646 .14 264126 .16 265138 .15 
2N718A .30 2N2221 .25 2N3053 .30 2N3731 3.75 2N4141 .20 2N5294 .50 
2N918 .60 2N2221A .30 263054 .70 263740 1.00 2N4142 .20 2N5296 .50 
26930 .25 2N2222 .25 2N3055 .75 263771 1.75 264143 .20 2N5306 .20 
2N956 .30 2N2222A .30 2N3227 1.00 263772 1.90 2N4220A 1.00 2N5400 .40 
2N1302 1.25 2N2270 .40 2N3247 3.40 263773 3.00 2N4234 .95 21%15401 .50 
2N1305 .75 2N2369 .25 2N3250 .50 2N3819 .40 264400 .16 2N5457 .35 
2N1420 .20 262484 .32 263393 .20 2N3823 .70 264401 .16 265458 .35 

7 NEW FROM NEW -TONE 

HIGH FIDELITY SPEAKERS 
8 -INCH COAXIAL 
Combines a high quality 8' woofer and a tweeter into a pre -phased 

sound reproducer. Built-in cross -over network. Excellent choice 

for a low cost Hi -Fi system for autos. vans, or in your home. 

Frequency response is a smooth 80-15000 Hz. 8 -ohm VC. 

10 oz. ceramic ring magnet. 25 W rating. NT577 513.99 
plus 40 cents postage 

10 -INCH WOOFER 
The speaker for your "big sound" system. Frequency response 
is 20-4000 Hz: 8 -ohm aluminum VC: powerful 20 oz. ceramic ring 
magnet and a rubberized accordion -edge suspension for excellent 
compliance. Handles 50 W max. Use with the NT576 for a super 

system. NT578 S17.99 
plus 40 cents postage 

50 W DOME TWEETER 
Here is the super tweeter. A rugged 10 cm (4") dome tweeter 

which handles 50 W max. Frequency response is 4000-20000 Hz. 

8 -ohm VC. 8 oz. ceramic magnet. Your system can have a brilliance 

you never imagined. NT576 56> 9 

NEW TONE 

ELECTRONICS 
PO BOX 1738A BLOOMFIELD, N.J. 07003 

PHONE: (201) 748-6171, 6172, 6173 

m r 
m 
n 

0 

N 

cD rt 
go 

b's 
ii 

ALL PARTS GUARANTEED WRITE FOR FREE CATALOG 

JULY 1978 
CIRCLE N0. 29 ON FREE INFORMATICN CARD 

97 

AmericanRadioHistory.Com



For All Customers Except California - CALL OUR TOLL FREE 800-421-6813 Intersil 

BUILD 

Test 
Prototyping 
1101 

Materials. 

ICL7106EV 

pANEL 

L 

LED 
KITS 

A WORKING 
THESE 

these new 
kits, 

the 7106) 
including 

(LCD) 

31/2 

D 

COMPLETE 
parts for 

complete 
or LED display 

PC board. 

$29.95 

METER 

t 

a :, 

1 

DPM IN 
EVALUATION 

withyo AIDll converter 
flor the 
for a functioning 

DIGIT 

11Ák 

- Aá yq, 
1¡fk. 

`.1 
(+ 

a 

1/2 HOUR 
KITS 

with 
er 

il'S Ow 
and LCD 

7107) Kits provide 
panel 

ICL7107 (LED) 

WITH 

cOSI 
display 

meter. 

524.95 

all 

- 
KIM -1 MICROCOMPUTER 

iI J1 
LJy- w _ X1 

-d KIM -1 Computer module from MOS Tech- 
- el. r 6 rV 

1 nology - 1K RAM -2K ROM -Continuing 
system executive -Complete audio cassette 

I interface -15 bidirectional I/O lines a 24 key2N918 T 
keyboard and a six digit LED display. 

Documentation -KIM -1 Users Manual -6500 'Hardware Manual and 6500 
Programming Manual. Fully Assembled and Teased $245.00 

KIM -4 MOTHERBOARD- The KIM -4 Motherboard isdex ens to 
interface a single KIM -1 microcomputer with up to six system expansion 
modules. The motherboard also contains circuitry for buffering all appropri- 
ate system address, data, and control Imes. A +5v regulator is included to providey g7/ 

power for the KIM -1 module from the system B-1 Ov DC unregulated 
power bus. A+12v regulator is provided for powering the KIWI audio cassette 
interface from user -supplied +15v $119.00 

KIM -3B 8K RAM BOARD 289.00 
KIM -5 ROM RESIDENT ASSEMBLER 195.00 
KIM -6 WIREWRAP BOARD 39.00 

2N Numbers 203706 5.25 204427 51.00 205450 5.20 
2N508A 5 .80 203707 .18 204858 1.00 205451 .25 

25097 .16 253708 20 254895 3.60 295457 .60 
25699 .80 253709 .20 264896 4.40 255458 .45 
20706 .35 253710 .20 254897 5.40 255484 .60 
25711 .45 253711 .20 254898 1.10 255490 .70 
25718 .40 253713 1.48 2549189 .60 255671 12.00 
20]18* .40 203]74 1.60 204919 .60 205777 14.00 

.40 203]15 1.68 2Na921 .80 205777 .60 
20929 .26 253716 1.68 254921 .70 255778 .55 
2N930 .28 253721 .20 254922 .75 255811 .40 
zrvtt3z .t5 zN37 z4 so 204923 .70 20581] AO 

52 244983 1,10 2055818 AO_ 201613 .32 203725 
::20 

201711 .34 203731 3.60 204984 1.50 205819 .45 
201893 .36 203740 1.20 204987 .75 705822 .58 
202102 .40 103)41 1.50 204980 1.20 205824 .25 

tso 3 2.40 204989 1.60 205825 .26 
252218 .Z8 253772 2.50 254991 .75 205826 .30 
21822180 .30 253773 3.90 264993 1.80 205827 .30 

252219 .28 263789 2.00 204994 .30 295828 .34 
2N2219Á .40 20370 1.80 255038 5.60 255820* AO 
252221 .25 253791 1.90 205086 4.30 

26600126600 

.52 
2522210 .25 253792 1.90 255006 .30 .52 
202222 .22 2553819 A0 205087 .30 296002 .S6 

Z52368Á .30 203859 .22 205088 .40 266015 .66 
252368 .30 293860 .22 205109 .40 266015 50 
2512369 .24 2143860 .20 205109 1.90 206027 50 

202475* 
.26 
.60 10380 2 0 205133 8 206032 2 

2060213 
800 

202484 .30 203868 2.10 2N5134 .20 266033 30.00 
202605 
55 606 2.00 253 030 

.25 

.20 05179 .50 256035 1.0ó 
2N2646 .70 203904 .22 205190 .80 206036 1.05 

XR-2242 LONG RANGE TIMER 

Applications -Long delay generation - sequential timing - precision timing - 
frequency ultra low í18q7/ cy oscillator. Use two of these cascaded togenerate time 

delays or timing intervals up to one year. 

XR-2242CP 1.24 25U 1007/ P p 
1.50 1.10 ,90 

202647 .95 203905 .20 205191 .80 20603] .91 
262713 .30 253906 .22 255194 .80 2N6038 1.00 
252904 .35 253955 2.70 205195 .90 2N6039 1.05 
292904Á .36 203957 1.50 255210 .15 206060 2.60 
2N2905 .34 253958 1.60 255219 .20 256051 2.80 
2529056 .36 253962 .35 255220 .20 256052 3.20 
252906 .20 253970 1.20 265221 .20 256053 2.00 
202906A .21 254032 .60 265223 .20 256054 2.40 
202907 .24 254036 .50 205225 .18 206055 2.00 
201907* .28 204037 .66 205227 24 206056 2.40 
252924 .30 254058 .25 255232 .32 206057 2.60 
252925 .22 254060 .20 20 5232A .25 256058 2.80 

\ PORTABLE 
OSC 

1 -' 1 
! I} 

r7 r 
i,á 

.- 
ear . .+ 

MS -15 M I N I SCO 
41-140 CARRYING 
41-141 10 TO 1 

15 MHz 
I L LOSCOP E 

, Vic, 

^'- l l' - 

- 

P E $289.00 
CASE 30.00 

PROBE 24.50 

B&K-PRECISION'S NEW 31/2 DIGIT 
DMM. 

B&K-PRECISION'S new Model 2800 portable 
DMM features 3-1/2 digit display, auto -zeroing and 
100% Overrange reading for only 599.95. Basic DC 
accuracy is 1%. Twenty-two ranges read up to 1000 
volts DC or AC, 1000mA and 10 megohms. 

-t All ranges are well protected against overloads. 
/ Even if you should accidentally apply .1000VDC to 

.-_., 
the 2800 while switched to an ohms range, no instru- 
meet damage will result. All DC and AC voltage ranges - .a (253564 - are protected up to X1000 volts DC or AC. The current 
ranges receive the double protection of diodes and a 

'r. series fuse. 

Model 2800 $99.95 

252926 .15 254061 25 755249 70 206076 3.20 
253019 .60 254093 1 795294 .70 206076 .20 
203053 .39 204123 .20 205296 .70 206099 .90- 
263054 .90 254124 .20 255298 .70 206101 1.06 
253055 1.00 254125 .20 255306 .34 206103 1.10 
203375 6.30 204126 .24 265308 .60 2N6121 .66^_ 
203391A .25 204/42 .18 205309 .52 206122 .68 
203392 .28 254143 .18 265321 .60 206123 .88'w 
253393 .22 254220A 1.00 255322 .70 256124 .80 
2553414 .20 294224 1.25 2555323 .70 2556125 .68 
203417 .22 254235 .40 255337 3.90 756216 .64 
203440 .22 254235 1.80 255337 3.90 206218 .64 
203440 1.00 704736 1.80 205338 4.10 206219 .60 
203442 1.80 254237 1.20 205339 4.50 206220 .58 
203553 1,80 254238 1.30 205354 .36 706222 .30 

.16 264249 1.22 2N5366 .50 256224 .30 
253564 .16 704148 .22 705366 .50 256224 .32 
203565 .10 254249 .18 2N 5367 50 256225 34 
253567 .19 254250 .24 255368 .25 296208 .80 
253560 .30 254256 .20 255369 .26 2N6290 .80 

DIP SWITCHES - SPST SLIDE TYPE 
NO NO 

P/N SWITCHES PRICE P/N SWITCHES PRICE 
Jí872201 1 1,00 Jí872206 6 1.80 
J58722 -OZ 2 1.08 .158722.07 7 1.85 
J5872203 3 1.40 J5672208 0 1.95 
750722-00 4 1.70 Jí8722 09 9 2.00 
J58722.05 5 1.75 .158722.10 10 2.20 

203569 .18 204258 .32 205370 .28 296292 .84 
203638 .20 254347 2.00 255373 .28 256303 5,60 
7536380 .22 254348 2.10 255375 .28 296354 6.30 
253642 .20 206395 1.30 255383 .58 206386 1.30 
2553643 .20 294400 .25 265397 250 206387 1.40 
203645 .20 2514401 .25 205418 .30 206388 1.50 
253646 .14 254402 .30 255419 .35 3083 1.98 
203696 .22 204403 .40 105420 .60 3584 3.56 
253702 .18 254409 .30 205447 .30 3585 3.56 
20]704 .18 204416 .90 205448 .30 355153 1.00 
203705 .IB 204625 .44 205449 25 4026 2.04 

- ¡' ea I 
s 1 L_ 1 M Ie9r `-e1-"-^ 

{tSy1y1drse_,k ^ ! 4dá AMI 6800 
I . , - _` _- '. EVALUATION +IL - -° 

KITSt1.00 
tE, 

L al 

79 uj;e ~ " 

50 

Sol 9/pk9 
1501 9/pkg 
250 9/pkg 
27pí 9/pkg 
47pl 8/pkg 
68pí B/pkg 

10001 8/pkg 
I SOpI 8/pkg 

VOLT CERAMIC 

210p1 8/pkg 
270pí 7/okg 
30001 7/pkg 

33001 7/pkg 
3001 7/Okq 
47001 7/pkg 
5600 7/pkg 
680pí 7/Pk9 

DISC CAPACITORS 
Pa Package 
.00tmfd 9/pkg 
.0015m1á 9/pkg 
.0022m1á Woke 
.003m1d 9/pkg 
,37017m1á 9/pkg 
.005m1á 9/pkg 
.Otmld 9/pkg 

.015m1á 8/0kg 
.02míá B/pkg 
.022in1d 8/0kg 
.03mld 8/pkg 
.039,n1á 7/pkg 
,047míá 7/pkg 
.1m1á 6/pkg 

HIGH QUALITY 

RESISTOR 
p 

w 

$ 

CARBON FILM 

KIT 
.léa 

a d' 3 } 
- T- Cir 

u .,. y7 f c 
'va..,-. .. .¿ 

y - 11 11 

EUROPEAN TRANSISTORS Bo441 5 .88 
8C107Á S .44 BC460 S .96 B(3442 .88 
801078 .44 BC461 1'32 80533 .78ftl 
8C108Á .44 BC477 .52 BD534 .78 

801088 .44 BC478 48 80535 .80 
BCtOBC .48 BC479 .52 BD536 .80-'r 
0C393 .48 00437 B0 Bo537 .82 
BC394 .48 00438 .80 00538 82 
BC440 .88 80439 .84 8D675Á .90 
BC641 1.12 1313440 86 130676Á .90 

TIP SERIES TRANSISTORS 
TIP]t S .70 T10-32Á S .72 TIP127 51.24 
TIP31Á .72 TIP3213 .74 TIP125 1.12 
TIP310 .76 TIP120 1.12 TIP126 1.18 

I k fAT47M1M1X1' 

EVK99 $133.00 
EVK100 269.95 
EVK200 449.95 

EVK300 1pictured) 699.00 
PLESSEY 

0TV 
.001 8/pkg 
.0012 B/pkg 
.0015 B/pkg 

POLYESTER MINI-ROX 
$1.25 Per 

WO O Ore 
.0068 B/pkg 

.0082 8/pkg 

.01 8/pkg 

CAPACITORS 
Package 

WO OTT 

.039 7/Dkg 

.047 7/pkg 

.056 7/okg 

Meo OTT 

.22 5/pkg 

.27 4/okg 
.33 4/pkg 

- 
CaMKETf 

Ewe KIT 

a^ 

^r-.+.,,,/ V 
with. STORAGE Nff 

Contains 20 Each of 12 Different 

TIP32 .70 TIP121 1.18 TIP127 124 
JAPANESE REPLACEMENT TRANSISTORS 

258405 S .85 250933 51.00 2SC2034 53.40 
2SC536 .60 2SC1226A 1.25 25072 1.00 
2íC828 .75 2íC1359 .90 250313 1.10 
2íC829 .70 2SC1973 1.30 250325 125 
2SC929 .70 2SC1976 3.00 36K49 2.75 
2íC930 .65 2501975 3.10 - 

Soft -Touch TONE DIAL 
Convert standard rotary phones into Toucn Tone. 

Y` ' Improved microphone for belle, audio. 
tam 

7 

v 
Solid State reliability. 

- 
,). Convemenloperation. 

Utilize for tone signalling also. 

p ^ I Five wood installation: 

. 
5.. fig Unscrew tiff mouthpiece on your telephone 

+.;a ii and drop out the carbon microphone 

y. art Screw on me SphTou4b uri and yo 

ready to use ft. 

tame, In 51. colors -Bieck, Tan, Red, Green, 

dd Mite and Yellow. Order ypun today. 

order Pan Number 2006 -Color S34.95 

.0018 B/pkg 

.0022 8/pkg 

.0027 8/pkg-018 

.0033 8/pkg 

.012 8/pkg 

.015 7/pkg 
7/ k 7/p kg 

.022 7/pkg 

.068 7/pkg 

.087 7/pkg 
.1 7/pk 9 

.12 6/pkg 

.39 3/pkg 

.47 3/okg 

.56 3/pk 9 

.68 2/pkg 

'4 WATT5% CARBON FILM RESISTORS 

to 
¡ `"m / o 

,7 megohm S249 
. 

t 

- .. PORTABLE B L E 

Iry FREQUENCY .0039 8/pkg 
.0047 8/pkg 
.0056 B/pkg 

.027 7/okg 

.033 7/pkg 
.15 6/pkg 
.18 5/pk9 

.02 2/pkg 
1.0 2/pkg 

CARBON FILM RESISTORS (5%) 
Only se Multiples et 

700 pcs pee value /ohms) 
'AW ...21.69 per 100 

- 7 I., COUNTER 
' e^.was Uzs-..,.as-..+pp-d Sense.. 7s .v ,.a p. llp.v -p 

l.wr-rood,.` ALUMINUM ELECTROLYTIC (RADIAL LEAD) 
Over utv per Passage/ Pr, r 

M10 10 visit 16 volt 25 vole 35 oh 50 volt 

1 8/51.00 7/51.00 7/51.00 7/51.00 6/51.00 
4,1 7/51.00 7/01.00 6/51.00 5/1 .00 4!51.00 
10 7/51.00 7/S1.00 5/51.00 

%W ..51.79 per 100 

10 100 1.0K lOK 100K 1.OM 
11 110 1 1K 11K 110K 1.1m 
12 120 1.2K 1 2 120K 1.2M 
13 130 1.3K 13K 130K 1.357 
15 150 1,5K 1SK 150K 1.511, 
16 160 1.600 160 165K 1.657 

y "lro n 
m. c.rMts ac.p ., -a., wpn..wt 
rat 3.0. ` ' 0,0 

Art' .,L ^r ramp - 
...own. .,<we.,.e.r. m.w^. rm...n 

F1M . .. . $89.95 
BATTERIES 14- leh AA cells) ....53.20 t.'. =' 5 

- - .. . 

Send Check or MoneyOrder to: 
P.O. Box 2208P, Culver City, Calif. 

90230. Calif. residents add 6% sales 
tax. Minimum Order $10.00. ADD $1.00 to 
cover postage and handling. Master Charge and 
Bankamericard welcomed (include your card 
number and ex p. date).TELEPHONEORDERS: 
California customers (213) 641-4064 
Out of State Toll Free 800-421-6813 

6.151.00 4/S1.00 
77 7/51.00 6/$1.00 5/51.00 1/5 .00 4151.00 

47 
633 101,00 0 sst.0000 .x1.00 43100 7/51.00 

00 vs1.00 x3100 431.00 431.25 3/01.00 

18 180 1.81 181 1801 .804 
20 200 1.011 2011 zooK 2.004;(TRANSMISSION 
24 2áo 2CK já11 3áóK 3.á204i 

23270 
z 711 z]K noK 2 704 

x - 
_ 11 FREQUENCY r _1. %1 P3017 I MONITOR 

220 4151.00 1/51.00 3/51.00 3/51.25 2/51.00 
330 3/11.00 3151.00 3/51.75 2/51.00 2/51.00 
470 3/51.00 3/51.25 l/51.00 2/61.25 S .80 
1000 -- -- 131.25 5.80 51.10 
7700 -- -- 51.30 51.60 57.50 

30 300 3.011 3011 3006 aoM 
33 330 3 30 33K 330K 3 3M 
36 360 3 6K 36K 360K 3.654 
39 390 3 96 396 3908 3 9M 
63 430 6 3K á3K 030K 4.304 
47 470 4,]11 TK 47011 4.704 
51 510 5 1 K 51K 51011 5.104 

Ideal for amateur radio CO, etc. 
Installs in series with transmission hne 
Count transmitter frequencies up to 30 M,01 
Low current L.S.I. circuitry 

, 4dgit.6inLE.D.display 
Mao input 200 

NEW from FLUKE MODEL 8020A 
THE DMM FOR THE PROFESSIONAL 
200 -Hr, Battery Life 
26 Ranges for 7 Functions 

- 

56 560 5.6K 56K 56011 5 6M 
62 620 6.2K 62K 62016 6.2M 
68 680 6.8K 68K 660K 6.8M 
75 750 7 5K 75K 750K 7 SM 
82 820 82K 82K 8101 8.2M 
91 910 9 1K 9111 91 OK 10.0M 

pourer - watts 
Size -5.0"wa2.0"h 2.75"d 
Power requirements - 10-16 VDC O.45A Mae 
,not included with unit) 

F30M. . . .$89.95 
VISIT ONE 
OF OUR 
STORES 
TODAY 

CALIFORNIA 
ANCRONA 

1054 E El Camino Real 

Sunnyvale, CA 94087 

-CANADA. B.C. 
ANCRONA 

2000 Count Resolution 
High Low Power Ohms 

Autozero and Auto 
Polarity a 
MOV protected to 6000V 
against hidden transients s 
and overload protection 5 
to 300V AC - - Eva.- 
Diode Test Function 
Conductance Function ` 
checks leakage resistance J 
to 10,000 meg ohms 4 /`tom 
Size HW L 17,1 X 3.4 X 1.8 IN.) 

118.008.604.5 cm) "- 
Weight: 13 oz. ONLY 5169,00' 

-. HYBRID 
AUDIO y I, 0 

ayb O 
g 

5 J J POWER 
+ o . AMPLIFIERS 

SI -1010G (108 output) $ 6,90 
_ 

p out 
SI -1020G (2090 output) $13.95 
ASI-8 (Socket for above) .95 

--ay, AV, (30W Output) $19.00 
SI-105OG 150W output) $27.80 Buy 2 for stereo and 
ASI-10(Socket for above) .95 take 10% discount Data with Application Notes .50 

CALIFORNIA 
ANCRONA 

11080 Jefferson Blvd 
Culver City.CA 90230 

(213) 390-3595 

CALIFORNIA 
ANCRONA 

1300 E Edinger Ave 
Santa Ana, CA 92705 

(714) 547-8424 

ARIZONA 
ANCRONA 

4518 E Brvardway 
Tucson AZ 85711 

(602) 881-2348 

OREGON 
ANCRONA 

1125 N E B2nd Ave. 
POruand. OR 97220 

(503) 254-5541 

GEORGIA 
ANCRONA 

3330 Pienmonl Rd. NE 
Atlanta. GA 30305 

(404) 161.7100 

TEXAS 
ANCRONA 

2649 Richmond 
Houston, TX 77098 

(713) 529-3489 
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PLETE SATISFACTION 
O 
U 
cc 

z 
O 

KITS 
WAMECO S-100 P.C. Boards 

8Ó8Ó CPU 28.00 
12 -Slot Mother 

Board 33.00 
ITHACA AUDIO S-100 P.C. Boards 

8K RAM . 28.00 
Z-80CPU 28.00 

ISOLID STATE MUSIC S-100 Kits & 
Bare Boards 

MB -3 2K/4K EPROM 
Uses 1702A EPROMS 
Kit w/o EPROMS 59.95 

MB -4 4K STATIC RAM Kit 95.00 
Bare Board 25.95 

MB6A 8K Kit 129.95 
STATIC RAM Bare Board 25.95 

IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION 

Huge .Discounts! - ` . - 
(7) 

BY-. -WORLDS ELECTRONICS, 

.Savings up to 70% on major brand IC parts and computer ` 

kits. For complete IC -stings write for our catalog. 

MB7 16K STATIC RAM 
Kit 435.00 
Bare Board 25.95 

MB8 8K/16K EPROM 
Uses 2708's 
Kit Less EPROMs 75.95 

74L$00 TTL 

741500 
74L502 
741504 
741508 
741510 
741514 
741520 
741521 
741522 
741530 
741532 
741537 
74L538 
74L542 
741547 
741548 
741573 
741574 
741'S75 
741876 
741586 
741590 
741592 
741593 
7415109 
7415112 
7415113 
7415114 
7415125 
7415126 
7415132 

.21. 

.21 

.24 

.21 

.21 

.85 

.23 

.23 

.23 

.23 

.30 

.31 

.31 

.60 

.75 

.72 

.35 

.35 

.53 

.37 

.3E 

.52 

.52 

.52 

.36 

.36 

.36 

.36 

.46 

.46 

.75 

BANRAMERICRRD 

VISA 

74L$138 .70 

7415139 .70 

7415151 .65 

7415153 .66 

7415154 1.00 
741$157 .62 
74L5160 .82 

74L$161 .82 

7415162 .82 

7415163 .82 

7415164 .98 

74L$174 .75 

7415175 .79 

7415190 .90 

74L$191 .90 

7415192 .90 

741$196 .80 

74L$197 .80 

7415221 1.06 
7415257 
7415258 
74L$266 
74L$283 
74L$365 
7415366 
741$367 
741$368 
7415386 
81L$95 
811$96 
811597 
81L$98 

.71 

.70 
.26 

.72 

.55 

.55 

.55 

.55 

.39 

.77 

.77 
.77 

.77 

o Cash 
COD 

Charge My 

M.C. 
O BAC (VISA) 

BOOKS 
The BASIC Workboob 
Programming Proverbs 
Discovering BASIC 
COBOL with Style 
Advanced BASIC 
Basic BASIC 
Standard Dictionary of 

Computers & Information 
Processing 16.95 

Game Playing with Computers 16.95 
Game Playing with BASIC 6.95 
Introduction to BASIC 8.95 
Home Computers: 21OQuestions 
and Answers Volume 2: Software 6.95 
Minicomputers 13.95 
Microcomputer Dictionary 

and Guide 19.95 -' 
Microprocessors 10.95 , 

Microprocessor Basics 10.95 
Modern Data Communications 8.95 
Home Computers: 210 Questions 
and Answers Volume 1: Hardware 7.95 
Understanding Integrated Circuits 4.951 

9 -Co 0 , 
1s1,4nrOo%Si¿iM,S,of 

,j4Ol2*k/t 

SUPPORT DEVICES 

6820 8.00 
6850 .8.00 
8212 3.45 
8214 8.00 
8216 3.75 
8224 3.50 
8228 6.25 
8226 3.85 
8238 7.95 

$5.50 
6.95 
6.85 
6.95 
7.95 
8.95 

KITS 
SOLID STATE MUSIC 
MB9 STATIC PROM/RAM 

Kit Less Memory 72.00 
VB1A VIDEO INTERFACE 

Kit 129.95 
Bare Board 25.95 

102 PARRELL I/O 
And Kludge 
Kit 49.95 
Bare Board 25.95 

104 2+2 I/O Kit 139.95 
SYNTHESIZER SB-1 MUSIC' 

Kit with 
Software 145.00 

MT -1 15 -Slot Mother 

BOOKS 
4 

Se-niconductor Circuit 
Elements 

Digital Experiments 
1 Digital Signal Analysis 

Digital Troubleshooting 1110 CMOS Digital IC Projects 
Fundamentals and Applications 

of Digital Logic Circuits 
403 Ideas for Design, Volume 2 - Analysis and Design of 

Digital Circuits and 
Computer Systems 

Finite State Fantasies 
Telephone Accessories 

You Can Build 
Basic Electronic Switching 

*or Telephone Systems 
Basic Carrier Telephony - 

Hcw to Get the Most Outóf 
lour Low -Cost Electror is 
Jialculator 

Calculator Users Guide 
and Dictionary 

G1" / 
`1<.0'0,,;(19 

MEMORY 

1702A 3.75 
2708 12.50 
2716 22.50 
21L02 450ns 1.25 
21L02 250ns 1.60 
1101 .50 
2114 8.50 
MICROPROCESSOF. 
8080A 
Z -80 
Z -80A 
6800 

5716 W. Manchester Ave. 
Suite #5 
Los Angeles, CA 90045 
TELEPHONE ORDERS: 
Call (213) 641-4200 

EAp Date. 

- 

4 
11.5C 
24.95=. 
34.95 É ¡, 
16.50 ¿,(¡p . . . 

4001 
4002 

' 4006 
4007 ' 

4008 
4009 
4010 
4011 
4012 
4013 
4)14 
4)15 
4316 
4317 
4)18 
4319 
4320 
4321 
4022 
4723 
4324 

Send your complete catalog, 
quickly 
O Please send me the following 
items I have listed belDw: 

Qty Stock No. - Price 

U) Postage/Handling 

a_ Satisfaction 100% Guaranteed 
California Resicerns Add 6% 

O City State Zip Sales Ta> 

Note: Minimum Order $10.00, 5% Discount ever $100.DC 3n I.C's only. o - - Its - - - - a Iii - - - - - - 1tá - - ]tom - - Iii Iii 
O 

->- IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS CUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR 
CIRCLE NO. 18 3N FREE NFCRMATON CARD 

$1.50 

6.95 

8.95 
19.95 
9.95 
5.95 

7.95 
13.75 

22.50 
1.25 

4.95 

6.95 
6.85 

CMOS 
402: 
4026 
403C 
4035 

.16 4040 

.16 4049- 

.99 4050 

.16 405: 

.79 4052 

.37 4053 

.37 4066 
.16 407.. 

.16 4081 

.29 4088 

.74 4507 

.74 4513 

.29 

.79 

.79 

.23 

.84 

.89 

.89 

.16 

.67 

4.95 

12.95 

.16 

.74 

.22 
.98 
.99 
.34 
.34 
.89 

1.15 
.89 
.59 
.19 
.23 
.23 
.39 

1.05 

Board 39.95 
XB-1 EXTENDER BOARD 

Bare Board 8.99 
SSM 8080 MONITOR V1 

ON 2-2708 47.00 
ON 8-1702A 47.00 

74XX 
7400 .11 7482 .50 
7401 .13 7483 .62 

7402 .13 7485 .75 
7403 .13 7486 .26 
7404 .15 7489 1.75 

7405 .13 7490 AO 
7406 .16 7491 .51 

7407 .23 7492 AO 
7408 .17 7493 .40 

7409 .17 7494 .60 

7410 .13 7495 .60 
7411 .18 7496 .60 
7412 .13 74100 28 
7413 .25 74107 28 
7414 .61 74109 .22 

7416 .24 74121 .29 

7417 .22 74122 .38 

7420 .13 74123 A8 
7423 .25 74132 .65 

7425 .25 74141 .70 

7426 .22 74145 .65 

7427 .17 74150 88 
7430 .13 74151 .61 

7432 23 74153 .61 

7437 21 74154 .95 

7438 .21 74157 .55 

7439 .25 74161 .55 
7440 .13 74163 .55 

7441 .70 74164 .85 

7442 .37 74165 .90 

7443 59 74170 1.69 

7444 .59 74173 1.10 

7445 .65 74174 .85 

7446 .62 74175 75 
7447 .59 74176 .69 

7448 .60 74177 .70 

7450 .13 74180 .65 

7451 .13 74181 1.75 

7453 .13 74190 .95 

7454 .13 74191 .95 

7460 .14 74192 .79 

7470 .26 74193 80 
7472 .21 74195 A9 
7473 .21 74221 .86 
7474 .27 74251 1.00 

7475 .45 74365 .62 

7476 28 74366 .62 

7480 .31 74367 .62 

7481 .95 74368 .62 

NEW 
1978 

IC MASTER 
Over 40,000 
IC's listed. 
Over 2,000 
pages. 
Updated every 
90 days. Sig 

Name 

Address 

Retail Value 

$55.00 
Your Price 

$46.00 
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GUARANTEE 
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ELECTRONIC SYSTEMS 
P.O. Box 9641 San Jose, CA 95157 '7(408) 374.5984 

'FOR CATALOG INCLUDING PARTS LISTS AND SCHEMATICS, 
SEND A SELF ADDRESSÉD ENVELOPE WITH 240 POSTAGE:. 

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 

8K 
STATIC 
RAM 
Part no. 300 

E 8K Altair bus memory 

RS=232! TTL 
INTERFACE * 

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 

1 Part no. 6085 
Board supplies a regulated 

+5 volts at 3 amps., +12, -12, 
and -5 volts at 1 amp. 

Power required is 8 volts 
AC at 3 amps., and 24 volts AC 
C.T. at 1.5 amps. 

Board only $12.50; with 
parts $42.50 excluding 
Transformers 

TIDMA* Dt 
Part no. 112r+á 

Tape Interface Direct Memory 
Access 

Record and play programs with- 
Uses 2102 Static memory chips I out bootstrap loader (no prom) 

has FSK encoder/decoder for 
I direct connections to low cost 

recorder at 1200 baud rate, and 
direct connections for inputs and 
outputs to a digital recorder at 
any baud rate. 

S-100 bus compatible 

Memory protect 
Gold contacts 
Wait states 
On board regulator 
S-100 bus compatible 
Vector input option 
TRI state buffered 

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 
Output of board connects to 

mic. in of recorder 
Earphone of recorder connects 

to input on board 
Requires +5 volts, low power 

drain 
I Board $7.60; with parts $27.50 

No coils s 

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 

Apple II e sji 

Serial I/O 
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 Output routine from 

monitor or BASIC to teletype or 
other serial printer. 

Program for using an Apple II 
for a video or an intelligent ter- 
minal. Board only - $15.00; Board only $22.50; with parts Board only $35.00; with parts - $42.00; assembled $160.00 a with parts $110.00 and tested - $62.00. 

To Order: 

RS-232/TTY 
INTERFACE 
Part no. 600 

Converts RS -232 to 20mA 
current loop, and 20mA current 
loop to RS -232 

Two separate circuits 
Requires +12 and -12 volts 
Board only $4.50, with 

parts $7.00 

TELEVISION 
TYPEWRITER 

t.sr, vira ;as ,asa. miss 

's:s°Qo,»Iss ;tªr. gm. 14 
r3! Ci @¡7 kl .41 

Part no. 106 
Stand alone TVT 
32 char/line, 16 lines, modifi- 

cations for 64 char/line included 
Parallel ASCII (TTL) input 
Video output 
1K on board memory 
Output for computer con- 

trolled curser 
Auto scroll 
Non-destructive curser 
Curser inputs: up, down, left, ° 

right, home, EOL, EOS 
Scroll up, down 
Requires +5 volts at 1.5 amps, 

and -12 volts at 30 mA 
All 7400, TTL chips 
Char. gen. 2513 
Upper case only 
Board only $39.00; with parts 

$145.00 

MODEM * 

Part no. 109 
Type 103 
Full or half duplex 
Works up to 300 baud 
Originate or Answer 
No coils, only low cost com- 

ponen ts 

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 

tr 

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.O.D. orders. California residents add 6.5% for tax. 
Parts kits include sockets for all ICs, components, and circuit board. Documentation is included with 
all products. Dealer inquiries invited. 24 Hour Order Line: (408) 374-5984.' Designed by John Bell. 

100 POPULAR ELECTRONICS 
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° FOR ALL CUSTOMERS EXCEPT 8 (C SALIFz,Lo2 CALL 
21L02 (350ns) 6502 
Static Rams E -PROM Microprocessor E -PROM Static Rams 
120 @ $1.00 ea. $4.75 ea. 5 @ $11.00 ea. 8 @ $9.00 ea. 100 @ $1.25 ea. 

TOLL FREE 800-421-5809 
4116 (200ns) 
16K Dyn. Ram rn 
8 @ 524.00 ea. 

Z-80 A 
Microprocessor 
5 @ $25.00 ea. 

Z-80 8224-4 410D (200ns) TMS4044 4200A (200ns) 74LS367 
Microprocessor Clk.Gen.&Dvr. Static Ram (250ns) Static Rams Hex Buffer 
5 @ $20.00 ea. 25 @$875ea._100@$9.50 ea. 16 @ $8.95 ea. 45 A $10.00 aa. 100 @ .7017 

4 1 W. ROSECRANS 
MICROCOMPUTER COMPON 

MICROPROCESSOR'S MISC. OTHER COMPONENTS' 
F8 
Z80 

16.95 
12.00 

ZBOA 
CDP1802CD 

28.00 
19.95 

2650 
AM2901 

24.95 
22.95 

6502 
6800 

11.95 
18.95 

6802 
8008.1 

25.00 
9.95 

8035 
8080A 

22.00 
11.95 

8085 
T6659900 TL 

27.00 
75.00 

8080A SUPPORT DEVICES 
8212 
8214 

1.50 
9.00 

8216 
8224 

3.75 
3.50 

8224.4 
8226 

9.95 
3.95 

8228 
8238 

7.95 
7.50 

8251 
8253 

9.95 
21.95 

8255 
8257 

21.95 
21.95 

8259 
8275 

21.95 
75.00 

8279 20.00 

FLOPPY DISC CONTROLLER 
177113 55.95 
17718.01 57.95 

KEYBOARD CHIPS 
AV5-2376 13.75 
AV5-3600 13.75 

PROM'S 

618120 
610126 

3.39 
2.10 

8.1OT95 
N8T96 

1.35 
1.35 

844097 
898 T98 

1.35 
1.35 

81 L595 
81 L597 

2.00 
2.00 

1488 
1489 

1.75 
1.75 

D3205 
133207A 

4.00 
4.55 

03208A 
133711 

14.20 
10.00 

83222 
83242 

9.)5 
10.15 

03245 
C3404 

5.60 
6.75 

P3408 A 
04201A 

12.00 
5.20 

61845320 
61665369 

7.50 
1.90 

T6455501 
0648130 

24.95 
2.90 

13618131 
0668833 

2.75 
2.50 

0668835 
D618837 

2,50 
1.75 

MK50240 
8/11(50250 

20.00 
15.00 

1702A 4.00 
2704 15.00 , 

2708 12.00 
2716 30.00 
2716 nil 38.00 
2758 26.60 
D3601 4.50 
03604 13.00 
5203A0 5.00 
5204 AD 7.50 
6834 17.50 
6834.1 14.95 
8252313 4.00 
825129B 4.25 
82238 3.50 

6800 SUPPORT 
6810P 4.95 
68 BIOP 6.00 
6820P 7.50 
6821P 7.50 
6828P 11.25 
6834P 16.95 
6850P 9.75 
6852P 11.75 
6860P 10.00 
6862P 14.50 
68710 28.00 
6875P 8.75 
6880P 2.50 

Z80 SUPPORT DEVICES 
3881 12.95 
3882 12.95 

CHARACTER GENERATORS 
2513 6.75 
2513 5v 4000. 9.75 
2513 5v lower 10.95 
2516 10.95 
66[8.'6571 10.95 
MCM6571 A 10.95 
MCM6574 13.25 
MCM6575 13.25 

WAVEFORM GENERATOR 
8038 3.50 
MC4024 2.25 
566 1.50 

DYNAMIC RAMS 
4160/4116 32.00 
1103 1.00 
2104 4.00 
21018 4.25 
21078-4 3.95 
TM54050 4.00 
TM54060 4.50 
76154070.2 32.00 
4096 4.00 
4116/416D 32.00 
rvl 665270 4.50 
MCM6605 5.00 
USRT 
52350 

UART'S 
AVS-1013A 
AYS-10 1 4 A 
TR1602B 
16156011 
1646402 
IM6403 

STATIC RAMS 

KIM -1 
ASSEMBLED & TESTED 5245.00 i 

d 
4. 

I 

TU -1 
Convert T.V. set to 
Video Monitor. 
KIT S8.95 ' 

JADE 8080A KIT 
$100.00 KIT 

BARE BOARD $30.00 

MEMORY PLUS 
' for KIM -1 
8K RAM I21L021 
8K EPROM 
ASSEMBLED & TESTED 

$245.00 

H AW T H . 
JADE 

-v01N PROVISIONS O KIT 
0980460 7708 and POWER ON JUMP 

$135.00 EA, i2Mli2. 

$149.95 EA. 4MK2. 

BARE BOARD $35.00 

JADE VIDEO 
INTERFACE KIT 

FEATURES $99.95 
5-100 Bus compatible 
32 or 64 Characters per line -16 lines 
Graphics (128 x 48 matrix) 
Parallel /4 compositive video 
On board low -power memory 
Powerful software included for cursor, 
home, EOL, Scroll Graphics/Character 
Upper case, lower case and Greek. 
Black -on -white & White -on -black. 

8212 
8 Bit I/O Port 
75 @ $3.00 ea. 

74 LS368 2513 (5 v) 
Hex Inverter Character Gen. Ill 

tJll ea. 100 n .7C17 ea. S @ $9.00 ea. 

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. 

*Just 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. 

KIT $210.00 

ASSEMBLED $375.00 

5.100 Power Supply with Cabinet 

MODEM JADE PARALLEL/SERIAL Power supply +8v at 18 amps 
80.103A Serial I/O and FSK modem 1 INTERFACE KIT í16v at 2 amps 
for professional and hobby communi- 
cations. 
*Completely compatible with your 
IMSAI, ALTAIR, SOL, or other 5-100 
microcomputers. 
*Designed for use on the dial phone 
or TWX networks, or 2 -wire dedicated 
lines, meets all FCC regulations when 
used with a CBT coupler. 
0A11 digital modulation and demodu- 
lation with on board crystal clock and 
precision filter mean that NO ADJUST 
MENTS ARE REQUIRED. 
*Bell 103 standard frequencies 
*Automated dial (pulsed) and answer 
*Originate and answer mode 
*110 or 300 BPS speed select 
*Complete self test capability 
*Character length, stop bit, and parity 
*90 day warranty and full documen- . 

tat ion. 
PRICES: 
Bare Board & Manual S49.95 
Assembled (48hr burn) S279.95 
JG-DCA Kit $159.95 

full ASCII 

PROFESSIONAL KEYBOARDS 
* Full 128 Character ASCII 
* Tri-Mode MOS Encoding 
* MOS DTL TTL Compatable Output ^ 

* Two -key Rollover MODEL * Level and Pulse Strobe 
* Shift and Alpha Lock 756 
* Selectable parity (56 keys) 
* Positive or Negative Logic. 

PRICING INFORMATION 
10./5 Model 756 (assembled) $59.95 

Model 756K (kit) 49.95 
Model 702 enclosure $29.95 
Model 710 Numeric Pad $9.95 
Model 756 MF Mtg.Frame $8.95 

MOTHER BOARD's - S-100 STYLE ° 
13 slot with front panel slot 
BARE BOARD S35.00 
KIT $80.00 
22 Slot $149.95 

Assembled & Tested 

5.25 
8.25 
5.25 
5.95 

10.80 
10.80 

1-16 17-63 6+ 
216.02 1.50 
211_02 (350 1.60 

1.24 
1.75 

1.18 
1.25 

21L02 {MI 1.75 
4100 10.75 

1.60 
10.00 

1.50 
9.25 

1101 A 
2101-1 

1.00 
2.95 

.90 
2.75 

.80 
2.60 

2102 
2111.1 

1.25 
3.95 

1.15 
3.50 

1.00 
3.25 

2112.1 
2114-3 

2.95 
11.00 

2.80 
10.00 

2.69 
9.25 

2125L 
2147 

11.10 
37.50 

9.00 8.30 

31 L01 
3106 

2.50 
3.95 

2.35 
3.70 

2.00 
3.25 

3107 
TM5.4044 

3.95 
9.95 

3.70 
9.00 

3.25 
8.95 

4200A 
TMse045 

12.95 
11.00 10.00 9.25 

5101 
74C89 

8.30 
3.25 

7.40 
3.05 

7.25 
2.85 

7489 
745201 

2.25 
4.50 

2.10 
4.00 

1.90 
3.75 

P8101 
P8155 

4.20 
17.00 

3.40 
14.00 

2.80 

P8156 
8599 

21.00 
1.88 

18.00 
1.75 1.60 

9102BPC 1.65 1.45 1.30 
S 

DB-25P 

CONNECTORS 

$2.25 

COVER $1.50 
44 Pin -PC&EYE 
44 Pin - WW 
86 Pin - (6800) PC 
86 Pin - (COSMAC ELF) PC 
100 Pin - (Altair) PC 
100 Pin - (Imsail WW 

100 Pin - (IMSAI) PC 

DB-25S 

S124.95 KIT Has connector for Power output 

* 5-100 
,MODEL UPS=600 size 5"Hx8"Wx6Y2"D,' 

*2 Serial interfaces with RS232 inter- -,PRICE S149.95 
interfaces or 1 Kansas City cassette _ 

interface. 
* Serial interfaces are crystal controlled 

E -PROM BOARDS 
* Sele .le baud rates. 
* CassL.6e works up to 1200 baud. 
* 1 parallel port. 

STATIC RAM BOARDS 
ASSEMBLED & TESTED 
8K 
Ram 8 (250ns) 
Ram 8B 145Ons) 
250ns KIT Mem-1 
450ns KIT Mem-1 
Bare Board 
6800 Adapter for 
S-100 system for 
Mem-I only KIT 
16K Uses 2114L 
Ram 16 (25Ons) 
Ram 16B (45ons) 

32K 
JG-32K (25ons) 
JG-32KB (45ons) 
450ns KIT 

S169.95 
$139.95 
S169.95 
S125.00 

$ 25.00 

$12.95 

S375.00 
S325.00 

$875.00 
$775.00 
$675.00 

DYNAMIC RAM BOARD 
by S. D. Computer Products 
On board refresh is 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 S151.00 24K Kit S367.00 
16K Kit S259.00 32K Kit S425.00 
,EXPANDABLE 64K (uses 4116) 200ns 
16K Kit S281.00 48K Kit S757.00 
32K Kit S519.00 64K Kit $995.00 

16K STATIC BOARD 
with memory management can be used 
with Alpha Micro or Cromenco 
Systems. 

$3.25 RAM 651250ns) 
- RAM 65B (450ns) 

$350.00 
S390.00 

S1.95 P COMPUTER MAINFRAME 
$2.50 
$5.00 
S5.00 
$4.50 
$4.25 

$3.25 

Includes: $295.00 
Power Supply +8v at 18amps 

±16v at 2 amps 
Mother Board - 12 slots with 
connectors Assembled & Tested 
Has Whisper Quite Fan & AC line fitter! 
Cabinet size 7"H x 19"W x 22" D 

MR -8 (8K uses 2708) KIT S99.50 
with 1K RAM 

MR -16T (16K uses 2716) KIT $99.50 
with 1K RAM 

MM -16 (16K uses 2708) S99.00 
RAM/N/ROM (16K uses 

any E -PROM) KIT $117.00 
JG-8/16 (uses 2708 or 

2716) KIT $59.95 
BARE BOARD S30.00 

EXPANDABLE E -PROM - S.D.Sales 

16K or 32K EPROM S49.95 without 
EPROM 

Allows you to use either 2708's for 
16K of Eprom or 2716's for 32K of 
EPROM. 

FLOPPY DISC INTERFACE 

JADE Floppy Disc (Tarbell Board) 
KIT $175.00 ea- 

- S.D. Sales Versa Floppy Kit 
8149.00 ea. 

- MODEL 801R Shugart with 
Disc Cabinet 

Includes Cabinet, Disc. Drive, Power 
Supply, Cable, Fan & Data Cable. 
Has AC line filter. 
Cabinet size 10"H x 10"W x 16"D 
MODEL DM 2700-S $835.00 ea. JADE 

Computer Products 
RETAIL STORE HOURS Monday Friday 9-7 

Saturday 9-5 
Discounts evadable at OEM quantities ADD 51.50 
under 10 lbs. for shipprrc. Caldotnia revdents add 
6.. sales Id*. 
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PRINTED CIRCUIT BOARD RS232 DB 25P male 52.95 full Wave Eviorsgs DIP SOCKETS 
CONNECTORS DB 2551..141e , 53.50 PRV 2A 6A 

4'7, w 64e SINGLE SIDED EPDXY BOARD 
1/16' thick, unetched 5.60 ea. 5/52.60 

7 WATT LD.65 LASER DIODE IR S0.95 

2N 3620 P FET 5 .45 
2N 5457 N FET 5 5 

2N 2646 UJT 5 .45 
ER 900 TRIGGER DIODES 4/51.00 
2N 6028 PROG UJT 5 .65 

MINIATURE MULTI TURN TRIM POTS 
100, 1K. 2K, SK. 10K, 75K 50K. 100K, 
200K. 500K, 1M00. 2Meg, 5 75Jaach 3/62.00 

VERIPAX PC BOARD 
This board 

CIs 
a 1/16" Ingle sided Paper 

DRILED 
ETCHED which 

4twill 
hold up to 21 s nggloa 

Pin IC's or 8 16, or L51 DIP IC's with bus. 
ses for power supply connector. 54.00 

RED, YELLOW. GREEN or AMBER 
LARGE LED's 2".6 51.00 

TIL.118OPTO ISOLATOR S .75 
MOLEX PINS 100/51.00 1000'08.00 

' Silicon Power Rectifiers 
PRV 

1 1 

34 , 50 240A 
too 06 311 80 1,!. 5,00 
700 05 29 35 11'. 4 25 6.50 
400 09 75 511 1 ao 6 511 9.50 
609 II 3n 70 I Re R ' , 12 50 
800 I S 3. '30 7 JO I .0 16.50 

1000 '0 45 II' 15 I / 20.00 
SAD 1024 a OCDICON 1074 stage armful 
"Bucket Brigade" shill register........ 518 05 

11U10 vnon.14w,4 14 

ream 

Fa1s719iSnw' 

41 1..021w 

B .r 4'0 'ehv[wT[w 

i:2 .. 

195 
675 

.76 

1055 

7. 
345 

TRANSISTOR SPECIALS 
2N6233,NPN SWITCHING POWER S 1.95 
MR F8004 a CB RF Transistor NPN 5 1.50 
253712 NPN 5.10 3 5 1.00 
2N1546 PNP GE 10.3 5 ,75 
7549116 15.P S 101 5 100 
7N6056 'vPN S TO J D..' S I 10 

2N1420 NPN Si T0-5 , 4/5 1.00 
7N404 PNP t,E TI)'. 5 S 100 
7N3919 NPN 5. TO 31F1 5 1 511 

2N3137 RF 5 .85 
?NJ %b/NPN5.T066 S 20 
?N7777 NPN 5. TO 1R 5 S 1 011 

753055 NPN S. 20 3 5 .50 
753904 NPN S. T097 5 5 I 00 
71/39116 PVP S.1097 55 I 011 

755796 NPN 5. 10 72. S 50 
7561 19 PNP S. 71, 729 5 55 
1531,46 Pt" S i0 S 5 S 1 00 

100 
200 
400 
600 

.75 
95 

1.20 

1.25 
1.50 
1.75 

25A 
1.30 
2.00 
3.00 
4,OÓ 

8 PIN .22 24 PIN .40 
14 PIN .25 28 PIN .50 
16 PIN .28 40 PIN .60 
18 PIN .30 

7400- 

1402- 
7403 
74a- 
7405. 

7406 
7407 

7409. 
10- 

411_ 

7416 
7417 
7420- 

74m 
7427 

13 
13 

13 

13 

15 

'6 
30 
18 

18 

13 

TB 

36 

W 
72 
]5 
13 

xx 
19 

TTL IC SERIES 
7430- 4 
7432- 22 
7437- 21 
I43á- 71 

7441- i 
7.42- 37 

- 65 
74146- 68 
7447- 58 

74500- 
6 

7472- r 
7473- 20 

_ 78 
75- 45 

nea 31 

30 

85 
65 

74 52 
7486 20 

9M12 55 
7491- 43 
743- 43 
7494. 

ás 7495- 
7496- .65 

74107- 25 

7441- 3B 

74122. 3 

74123_ 46 

a125- 40 
IM 40 

74150- 
64 

74153- 61 
74154 95 
7.55 55 

74161 55 
74163- 55 

74164_ 85 
74165- 
7170- 165 

173- 120 
74774. 89 
MI 

;5- 
'7417/. 5 

74180- 65 

;41= 
;';p;- ' 9 
14193- 

74195- 55 
74195 86 
74279 55 
IA III 65 
753M I so 
75491 so 

SANKEN AUDIO POWER AMPS 
S. 1010010 WATTS 5 6.80 
S. 1020 G 70 WATTS 513.70 
S. 1060 G 50 WATTS 525.90 

°'TANTULUM CAPACITORS 
.2201 35V 5 SI 00 6.6u1 35v 4 S1 00 
.4/U7 355 5 51 00 10UF 10V 5 .25 
.GBUF 35V 55100 22UF 25V S 40 
IUI 355 5 51 00 15UF 35V 3/51.00 
7.7 UF 70V5 01 00 30111 GV 5/51.00 
3.31.11 45V 4 51 00 47U1 2UV S .35 
4.7UF 15V 5161,00 68 UF 15v S .50 

SILICON SOLAR CELLS 
215" dian.eter .4V al 500 e,.754.00 

END 357 C.C..4" 5 .50 LED READOUTS 
FCS8024 4.kg.I DL707..3"C.A. 5 85 
C.C. 8" «.splay 55.95 DL 747 C.A. .6" 51.05 
FND503CC .5" 5 .85 END 800C.C..B" S19S 
FND SIO C.A. 5" S 85 END 807 C.A. 8" 51.95 
01. 704 3" C C S 85 

AP PROTO BOARDS USED FOR 
SOLDERLESS BREADBOARDING 

264L - 128 f IVE-TIE POINT 
TERMINALS $12.50 

212R - POWER BOARD 5 2.50 
2248L- 96 FI VE.TIE POINT 

TERMINALS 510.00 
209R - POWER BOARD 5 2.25 

IC TEST CLIPS 
TC14 - 54.50 TC-16 - 54.75 

DATA CASSETTES 51.25 

44 Pin Solder Tall Connector 156" Spacing 51 95. 

LINEAR CIRCUITS 
741.5126 - 47 LO 101 75 

1.5132 - 80 LM 3011748 29 
741.5136 - 39 16.307 30 
7465130 70 661 308 .75 

7465139 - .70 LM 311 75 
7415151 - 70 LM 318 1.20 
7415153 - 70 LM 319 95 
7455155 - 70 LM 374 105 
465156 - 70 LM 339 10 

7415157 - 72 LP 358 .10 
41.5160 - 08 11.1370 1.15 

141.5161 - 95 10 377 2.50 
741.5162 - 85 LM 380 95 
7415163 - .85 

lM 
381 125 

7465168 - 80 382 125 
7455169 - 85 60 531 250 
7415170 - 1 68 LM 553 2 50 
7415173 -1 10 161 555 39 
7455174 - co1 LM 556 85 
7465175 - .80 535401. 2.25 
7415190 - 95 560 2 00 

7465191 - .95 565 95 
7413192 - 95 566 1.25 
7415193 - 95 567 I 30 
7415195 - .95 703 90 
7465196 - 95 709 25 
7465197 - 95 710 35 
7415221 - 1 15 7410 co. V 31 

7450257 - 70 7e7 .50 
7415258 - 70 161 1310 2 50 
7415279 - 55 1456 95 
7415365 55 1458 50 

)41.5109 - .)0 7455366 - 55 C43046 75 

MM 5387AA now clock chop Which will «needy 7458113 - 38 741.5367- 55 3900 49 

delve LED's 12 24 Ills., I supply & alarm 55.95 1415113 - 38 7416368 - 55 8038CC 390 
)a 15114 _ 38 465390 - 1 40 791 I 95 

14sú0 7 as L63560 1,20 41.5125 - 47 rn 
c CTS 206.8 vighl 0057 lion dip switch .. 51 90 

CTS -206 4low 005.npn d.p,w.lch .51.75 TRIACS SCR'S 
PRY IA 10A 75A I SA 6A 35A 
100 40 TO 130 40 SO 1 20 
200 70 1 10 175 60 70 1 60 
400 1 10 160 7 60 100 1 20 7 20 
600 1 70 2 30 3 60 1.50 3.00 

SOLID STATE SALES 
P.O. BOX 74A 
SOMERVILLE, MASS:02143 TEL. (617) 547-7053 

CIRCLE NO 45 ON INFORMATION CARO 

REGULATORS 
309K $ .95 3400.12, 15 
723 S .50 24V 52 .95 
32019.5, 12 or 3401.5.6. 8 12. 
155 5I.00 15,18 or 241/4/ 5 .95 
3207-5,15 Or 78610 or 79.. $1.20 

24V $ .95 

ALGO Mf.1A I UNE IUGGLE SIVIICIIES 
MIA 106 SPOT SI05 
MIA 706 DPDT 51.45 
M5D 206 P-DPDT Center Off 

Lever Switch 5 1.85 
MTA 206 P-DPDT Center Off 51.85 

Tonne: FOe Cambddpa, Moos. Sand 251 for our catalog featuring 
Send CMc6 o, MESf1M. Transnton and Rectifiers 
Ineluda "SiagtLJ15 0 145 Nempsb,re S. Cambridge, Mass. 
Ordo185.00, Cá'5 520.00 

FREE 

74L5 SERIES 
7aL500 21 
746502 21 

'4`503 
21 

04 .28 
; 4`505 28 

508 21 

741309 28 

741510 21 

741511 11 

741513 36 
741515 25 

520 24 

741511 26 
74.522 26 
741526 32 
7,527 32 
',LUG 26 
74LS32 32 
741.537 32 
144.538 32 

741540 
26 

1541 65 
741.547 79 

74L551 - 26 
7,554 - /6 
745590 - 95 
741574 35 

5576 - 35 
74LSBi 

- .15 
741590 - 55 
745592 55 
744593 - 55 

ABOUT YOUR 
SUBSCRIPTION 

Your subscription to POPULAR 
ELECTRONICS is maintained on one of 

' I the world's most modern, efficient 
' computer systems, and if you're like 

99% of our subscribers, you'll never 
have any reason to complain about 
your subscription service. 

We have found that when com- 
plaints do arise, the majority of them 
occur because people have written 
their names or addresses differently 
at different times. For example, if 
your subscription were listed under 
"William Jones, Cedar Lane, Mid- 
dletown, Arizona," and you were to 
renew it as "Bill Jones, Cedar Lane, 
Middletown, Arizona," our computer 
would think that two separate sub- 
scriptions were involved, and it 
would start sending you two copies 
Of POPULAR ELECTRONICS each month. 
Other examples of combinations of 
names that would confuse the com- 
puter would include: John Henry 
Smith and Henry Smith; and Mrs. 
Joseph Jones and Mary Jones. Minor 

° differences in addresses can also 
lead to difficulties. For example, to 
the compi.lter, 100 Second St. is not 
the same as 100 2nd St. 

So, please, when you write us 
about your subscription, be sure to 
enclose the mailing label from the 
cover of the magazine -or else copy 
your name and address exactly as 
they appear on the mailing label. 
This will greatly reduce any chance 
of error, and we will be able to ser- 
vice your request much more 
quickly. 

Introducing Prime 4000 Series- CMOS At Lowest Prices Anywhere 
in oler contiuou6 effort lo offer 3011 all your corn po enta' 

,,,,,1101 118' are introducing 1000.Series CMOS ICs. Resides 

74xx TTL 

7400 ...S0.14 
7401 ....0.15 
7402 ....0.15 
7403 ....0.15 
7404 ....0.16 
7405 ....0.16 
7406 ....024 
7407 ....0.24 
7408 ....0.17 
7409 ....0.17 
7410 ....0.15 
7411 ....0.18 
7412 ....0.20 
7413 .... 0.25 
7414 ....0.55 
7416 ....0.22 
7417 ....0.22 
7420 ....0.15 
7421 ....0.17 
7423 ....0.25 
7425 ....0.25 
7426 ....0.22 
7427 ....0.19 
7430 ..,.0.15 
7432 ....0.23 
7437 ....0.21 
7438 ....0.21 
7439 ....0.25 
7440 ....0.15 
7441 ....0.70 
7442 ....0.38 
7443 ....0.55 
7444 ....0.55 
7445 ....0.55 
7446 ....0.62 
7447 ....0.57 
7448 ....0.60 
7450 ....0.15 
7451 ....0.15 
7453 ....0.15 
7454 ....0.15 
7459 ....0.15 
7460 ....0.15 
7470 ....0.27 
7472 ....0.24 
7473 ....0.24 
7474 ....0.24 
7475 .... 0.45 
7476 ....0.29 

7480 ....0.31 
7482 ....0.50 
7483 ....0.54 
7485 ....0.80 
7486 ....0.27 
7489 ....1.75 
7490 ....0.40 
7491 ....0.51 
7492 ....0.40 
7493 ....0.40 
7494 ....0.60 
7495 ....0.60 
7496 ....0.60 
7497 ....245 
74107 ...0.29 
74109 ...0.32 
74121 .,.0.29 
74122 ...0.35 
74123 ...0.39 
74125 ...0.37 
74126 ...0.38 
74132 ...0.65 
74141 ...0.70 
74145 ...0.65 
74147 ... 1.50 

74148 ...1,15 
74150 ...0.79 
74151 ...0.59 
74152 ...0.59 
74153 ...0.60 
74154 ...0.95 
74155 ...0.65 
74156 ...0.65 
74157 ...0.59 
74158 ...0.59 
74160 ...0.79 
74161 ...0.79 
74162 ...0.79 
74163 ...0.79 
74164 ...0.79 
74165 ...0.90 
74166 ..,0.95 
74167 ...3.20 
74170 ...1.85 
74173 ... 1.10 

74174 ...0.85 
74175 ...0.75 
74176 ...0.69 
74177 ...0.70 
74178 ...1.20 
74179 ...1.20 
74180 .,,0.65 

74181 ...1.75 
74182 ...0.75 
74184 ...1.75 
74185 .,.1.75 
74188 ...2.80 
74190 ...0.95 
74191 ...0.95 
74192 ...0.80 
74193 ...0.80 
74194 .,.0.80 
74195 ...0.49 
74196 ...0.73 
74197 ...0.73 
74198 ... 1,30 

74199 ...1.30 
74251 ... 1.00 

74279 ...0.49 
74283 ...1.00 
74290 ... 0.59 
74293 ...0.57 
74298 ...0.92 
74365 ...0.62 
74366 ...0.62 
74367 ...0.62 
74368 ..,0.62 

74LSxx TTL 

741500 .50.21 
74L501 ..0.27 
741502 ..0.21 
741.503 ..0.21 
741504 ..0.24 
741005 .. 0.24 
741508 ..0.23 
741509 ..0.23 
741510 ..0.21 
747511 ,.0.21 
741012 ..0.27 
747513 ..0.40 
741314 ..0.85 
741015 ..0.26 
74L520 .. 0.23 
741521 ,.0.23 
741522 .. 0.23 
741.526 ..0.31 
741.527 .. 0.26 
741030 .. 0.23 
74LS32 .. 0.30 
741537 ..0.31 
747538 ..0.31 
741.540 .. 0.26 

741542 . 

741.347 . 

74LS48 
747051 . 

741054 . 

747055 . 

741973 . 

741574 , 

747076 
741078 . 

74LS83 . 

74LS85 
741086 . 

741390 , 

741592 . 

74LS93 . 

741095 . 

7410107 
7415109 
7410112 
7410113 
7410114 
7419123 
7410125 
74LS126 
7410132 
7415133 
7413136 
7413138 
7410139 
7413151 
7410152 
7413153 
7410154 
7410155 
7413156 
7415157 
7415158 
7410160 
7410161 
7415162 
7413163 
7410164 
7415168 
7413169 
7413170 
741.5173 
7415174 
7413175 
7413181 
7419190 
7419191 

needs, al lowest possible prices: this 
Ibis being one of the roast Lulnplele 

.0.60 

. 0.75 

.0.72 

. 0.25 

.0.25 

. 0.25 

. 0.38 

. 0.35 

. 037 

. 0.36 

. 0.75 
,1.30 
. 0.36 
. 0.50 
. 0.50 
.0.50 

. 0.85 

. 0.35 

. 0.35 

. 0.35 

.0.35 

. 0.35 

. 0.90 
,0.46 
.0.46 
. 0.72 
. 0.34 
. 0.35 
0.70 

. 0.70 

. 0.65 

.0.65 

.0.66 

. 1.00 

.0.62 

. 0.62 

. 0.62 

. 0.70 

. 0.82 

. 0.82 

. 0.82 

.0.82 

. 0.98 

. 0.83 

. 0.83 

. 1.60 

. 1.00 

. 0.75 

. 0.79 

. 2.50 

. 0.90 

.0.90 

7415192 .0.90 
7415193 .0.90 
7415194 .0.85 
7415195 .050 
7415196 .0.80 
7410197 .0.80 
7415221 . 1,05 

7415251 . 0.80 
7415253 .0.80 
7415257 .0.70 
74L0258 .0.70 
7415259 .1.60 
7410260 .0.34 
74L5266 .0.26 
7415279 .0.52 
7415283 .0.72 
7415290 .0.60 
741.5295 .090 
7415298 .0.90 
7410365 .0.52 
1415366 .0.52 
7475367 .0.52 
7419368 .0.52 
74LS386 .0.36 
74LS390 . 1.65 

74LS393 .1,35 
7415490 . 1.10 

7415670 .2.29 

74Sxx TTL 

74S00 .. S0.35 
74S02 ...0.35 
74503 ...0.35 
74SO4 ...0.36 
74505 ...0.36 
74508 ...0.38 
74509 ...0.38 
74510 ...0.35 
74511 ...0.38 
74515 ...0.38 
74520 ...0.35 
74S22 . , . 0.36 
74530 ...0.27 
74532 ...0.50 
74540 ...0.35 
74551 ...0.17 
74060 ...0.35 
74564 ...0.38 
74565 ...0.38 
74S74 ...0.58 
74S76 ...0.58 

selection of these devices, offered an where. as usual. we guarantee that these and every other 
item purchased from us. to lee of )'rinse, Firsbli on ,alit]- with full rllanitieel carers' markings. 

74578 ...0.58 
745112 ..0.58 
74S113 ..0.58 
745114 .,0.58 
745132 .. 0.75 
74S133 ..0.38 
740134 .. 0.38 
740135 .. 0.49 
745138 ..0.77 
745139 ..1.50 
740140 ..0 47 
745151 .. 1.25 

74S153 ..2.10 
745157 ..0.75 
745158 ..1.25 
745174 ,.1.50 
74S175 ..1,45 
745189 ..2.75 
745194 .,1,75 
74S200 ..3.25 
745206 ..3.75 
745253 .. 0.95 

745257 ..1.15 
745258 .. 1.15 

74S280 .. 2.25 

745287 .. 3.20 
745289 .. 3.55 
745300 ..1,60 
749305 .. 1.90 

745310 ..2.85 
745312 ..1.05 
745313 .. 1.55 

745316 ..2.80 
745341 .,4.10 
740342 .. 1.20 

745343 .. 4.95 

745346 .. 1.25 

74S362 ..2.15 
745387 ..4.70 

74Cxx TTL 

74C00 .. 50.24 
74002 ...0.24 
74C04 ...0.26 
74C08 ...0.25 
74C10 ...0.24 
74C14 . .,0.90 
74C20 
74C30 . .. 0.24 

74C32 ...0.25 
74C42 ...0.94 

74C48 ...0.96 
74C73 ...0.62 
74C74 ...0.48 
74C76 ...0.68 
74C83 ... 1.28 

74C85 ... 1.20 

74006 ...0.40 
74C89 ...3.95 
74C90 ...0.92 
74C93 .,.0.92 
74C95 ...1,04 
74C107 ..0.68 
74C151 .. 1,78 

74C154 .,2.90 
740157 ,.1.78 
74C160 ,. 1,08 

74C161 .,1.08 
74C162 ..1.08 
74C163 ..1,08 
74C164 .. 1,08 

74C165 .. 1.08 

74C173 .. 1.16 
74C174 .,1.08 
74C175 ..1.04 
74C192 ,.1.30 
74C193 ..1.30 
74C195 ..1.10 
74C200 .. 7.50 
74C22I ,.1.38 
74C901 ..0.48 
74C902 ..048 
74C903 .. 0.48 

74C904 , . 0.48 
74C905 ..6.00 
74C906 ..0.48 
74C907 ..0.48 
74C908 .. 096 
74C909 .. 1.78 

74C910 ..6.00 
74C914 .. 0.90 
74C918 .. 1.16 

74C925 .. 7.80 
74C926 ..7.80 
740927 ,.7.80 
74C928 ..7.80 

4xxx CMOS 

4000 ...50.16 
4001 ....0.16 
4002 ....0.16 
4006 ....0.85 

4007 ....0.16 
4008 ....0.74 
4009 ....0.35 
4010 ...,0.35 
4011 ....0.16 
4012 ....0.16 
4013 ....0.31 
4014 ....0.73 
4015 ....0.73 
4016 ....0.28 
4017 ....0.78 
4018 ....0.78 
4019 ....0.21 
4020 ....0.83 
4021 ....0.83 
4022 ....0.83 
4023 ....0.16 
4024 ....0.66 
4025 ....0.16 
4027 ....C.37 
4028 ....0.73 
4029 ....0.98 
4030 ..,.0.21 
4031 ....2.97 
4034x.... 2.75 
4035 ....0.84 
4040 ....0.86 
4041 
4042 

4043 
4044 
4046 
4047 
4048 

4049 
4050 

4051 
4052 
4053 
4060 
4066 
4068 
4069 
4070 ....0.40 
4071 ....0.19 
4073 ....0.21 
4075 ....021 
4076 .... 1.16 
4077 ....0.46 
4078 ....0.35 
4081 ....0.19 
4085 ....0.64 

4086 ....0.64 
4089 ....2.75 
4093 ...1.55 
4099 ...2.10 
4104s.... 2.40 
4503 ..,.0.98 
4507 ....0.37 
4510 ..,,0.95 
4511 ..,,0.93 
4512 ....0.64 
4516 ....0.76 
4518 ..,.0.76 
4519 ....0.62 
4520x.... 0.68 
4527 ...148 
4528 ..,.0.86 
4532s....0.86 
4539 ....1.10 
4555 ....0.67 
4556 ....0.88 
4582 ....0.88 
4584 ...0.74 
4702 ...7,10 
4703 ....8.25 
4704 ....7.30 
4705 ....9.25 
4706 ..,9.75 
4707o.... 9.25 
4708... 14.35 

4710s....6.40 
4720 ....6.95 
4721 0,,,31.35 
4723 ....0.93 
4724 .... 1.29 

4725 .... 1,29 

40014 .,0.72 
40085 ...147 
40097x... 0.54 
40098... 0.54 
40106 ..,0.90 
40160 ...1.08 
40161 ...1.08 
40162 ...1.08 
40163 ... 1.08 

40174 ... 1.08 
1 terns indicated 
by 141 were in 
transit to us by 
the time that this 
ad copy was 
being prepared. 
Please inquire 
about avail. 
ability. 

VOLUME DISCOUNT SCHEDULE 
Merchandise Total Discount 
S 000-5 9.99 NET 
S 10.00-S 24.99 LESS 5% 

S 25.00 S 99.99 LESS 10% 

S 100.00-5499.99 LESS 15% 

S 500.00-5999.99 LESS 20% 
51000.00and Up LESS 25% 

QTANDARD SHIPPING CHARGES . 

11 your Merchandise Total is between: 
S 0.00-5 4.99 add 52.00 
S 5.00-524.99 add51.00 
S 25.00-549.99 add S0.75 
S 50.00-599.99 add50.50 
5100 and Up NO CHARGE 

The above charges include shipping via 
First Class Mail or UPS (your choice), 
and insurance on all domestic 
shipments. 

SPECIAL*SHIPPING CHI 
COD 51.00 -additional 
UPS Blue 51.00 -additional 
Postal Insurance . 51.00 -additional 
Special Delivery 51.25 -additional 

INTERNATIONAL 

COMPONENTS 

CORPORATION 
P. O. BOX 1837 
COLUMBIA, MO 65201 
PHONE: (314) 874-1150 
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. ETCETERA, ETC.! 
MEET THE ECONORAM 
FAMILY .. . 

These static memory kits (one for the H8 
buss, all others S-100 compatible) deliver 
outstanding performance at prices even the 
dynamics can't match. What others consider 
"extras" we consider necessities, such as full 
buffering on all lines, reliable DMA, sockets for 
all ICs, goldplated card fingers, prime 
ICs ...and all the other signs of quality that 
make up an Econoram. No matter what machine 
you use, we want to be your memory supplier: 
and we know the best way to do that Is to offer a 

superior product at the lowest possible price. 

NEW! 16K x 8 ECONORAM IVTM KIT 
($329) 

Guaranteed current consumption 2000 mA. 
Manual write protect switches for 4K blocks; 
use with or without phantom line. Fully static. 
Add $35 for assembled/tested. 

NEW! 24K x 8 ECONORAM VII" KIT 
($490) 

Our densest board is your best value In 24K 
memory. Current consumption under 2500 mA; 
configured as two 4K blocks and two 8K blocks 
with Independent manual write protect 
switches for each block. Use with or without 
phantom lines. Add $35 for assembled/tested. 

8K x 8 ECONORAM 11TM KIT ($135) 
A truly cost-effective package that has drawn . raves from both owners and reviewers (see the 

1/78 Kilobaud for an example). If you have the 
space in your motherboard, there's no better 
way to get 24K of memory than taking advan- 
tage of our quantity offer (3 kits for $375). Add 
$20 to single kit price for assembled/tested. 

NOTE: The above 3 boards are guaranteed com- 
patible with S-100 systems running at 2 MHz. 
However, due to our conservative design,users 
report excellent results In 4 MHz systems also. 

414011 
CIRCLE NO. 16 

H8 COMPATIBLE 
ECONORAM VITM KIT ($235) 

12K x 8 for the H8, with the same features 
that have made our S -TOO boards so popular. Ad- 
ditionally, all sockets and bypass capacitors 
are already soldered in place so you can get 

right into the best part of kit building. 

JUST IN TIME - 12V CLOCK! 
The MA1003 clock module is a complete unit . 

$16.50 or 31$46 

TRS-SO !6K CONVERSION KIT! 
,./0,5r 101 - A10 TIr1E To SET rYPE', COU.rsA1Als 8 

,GPD4/(, IXIbK DYNAM,C. MEMo2tES PTAg /01571?¡/C- 
'(10u5 ou IdNvERTIrJ6 YOJA? 4K7RS-8o 710 k 
16r, mR4iiuE, .`,AvE 5100 -- 0#1. $11.90 

RELAY SPECIAL: Beautiful little Electrol reed 
relays. DPST, N.O., 12V coil; 1' mounting center with 
1/10' spaced leads. Now on special at 2101.50 

ELECTRIC MOTOR SPECIAL: From time to 
time we luck out and pick up a True Gizmo. This 
time, we're offering some of those small DC motors 
(run on about 1 to 5V DC) you find toys, games, win - 

(b dow displays, electric toothbrushes, etc. Now 
they're on special at 10/02.95 ...how can you go 
wrong? 

TRANSISTOR SPECIAL: NPN, house 
-numbered TO -92 package replaces 2N3904 and 
similar. Min Beta 250, goes up to 500; reasonable 
saturation voltage. Priced at 10101. 

TERMS: Please allow up to 5% for shipping; excess refunded. 
Add St handling for orders under $10. Cal res add tax. COD ON 
with street address for UPS. For VISA IMaslercharge orders 
call our order desk 94 hrs) P1415)562.0636. Prices good through 
cover month of magazine. 

111:1 9® 
BILL GODBOUT ELECTRONICS r BOX 2355. OAKLAND AIRPORT CA 94614 ~ 

ON FREE INFORMATION CARD 

AMAZING EARADIOÑ 
I'. 

This is PROBABLY THE WORLDIS SMALLEST 4-- 
^ RADIO. IT WEIGHS ONLY 1/2 OUNCE AND IS ' 

V WORN CEHIND THE EAR. CONTAINS AN IC AND $ 5.95 
SEVERAL DISCRETE DEvICES TO LIVE AN EQUI- 
VALENT OF 12.TRANSISTORS. THE RADIO HAS A I.R.F. 
DESIGN OPERATING FROM I STANDARD Sl3E 1.51( 
HEARING AID BATTERY (INCLUDED). IT PROVIDES 
G000 VOLUME TO EARPHONE ON SEVERAL STATIONS fN - 

METRovOLITAN AREAS. DOESN'T REQUIRE ANY ANTENNA, 

GROUND OR OTHER ADDITIONAL WIRES - FULLY SELF 
rCONTAINED d TUNABLE. SIZE: 1 I/81,01 I/ 40x3/8. 

Crystal I4.Ó4 AV1E SCR, 200V 

Oscillator B amp. 

IC clock oscillator _ 023083 

023289 s1.98} _8 for $1.00 

MX'PIRO« 

y. 'r 

m ' s1.00 

FaiCgatenenlan 
DOTAer 'renew 

NFOLL 

a bolo. 
79e 

USG! 
200 VOLT 

.3 AMP. 

re.s 

Electronic Warning Flasher Kit 
This battery operated device continuously 5 

emits bursts of intense light. Great safely 
device for bicycle riders. skiers, hikers, 
boaters & campers. Comes complete w/ all 
electreniC parts, quality glassepoxy P.0 
board & easy to understand instructions. 
Uses high output xenon flash tube which 
flashes 2 times per second when batteries 
are fresh. Operates Continuously for 12 
hours on 2 alkaline C" batteries. You 
need only to supply the batteries and, if C23207 6.95 
desired, a battery holder & case. (3 for 518.001 

614V Green Neon 
NE2 

TRIGGER ) "I{ Same oslow 

butt gs 
colts 2 for Si GREEN. Op- 

erates on 120V. 
required to "(irk' 
xenon nasty rubes 6 for S 1.00 / 

PIIOTOfLR/M CRP/ 

350 mf 330V 7.00 BOARDS 
WITS DISPLAY 

720 mf 360V 150 LESS KEYBOARD 

1600 mf 360V S2.25 1 
AND CAS¡ (AS 

50 

fTR108E Teat A T. I mirnRTuRE 
ml new lac RECLECTOR LI,41 - 

prime I APPx. silo' 1.7/16"L 
` 

'obeA. 
C23280 7/e"w of 

0 

Cl) 

3/4.'0. Assortment 

Bra 

wstrnbe 
tubei, 

S 3.00 1023227 $ 1.00 

CALCULATOR R( 

;;sl ,áS rt 

Minimum order $5.00 

CHANEY Please include s1 for postage 
Visa, MC and COD accepted. 

electronics Phone orders are welcome. 

PO. BOx 27038. DENVER, CO. 80227 Ph: (303) 973.1052 0 

Send for our FREE GIANT CATALOG of unique items :111 

CIRCLE NO 7 ON FREE INFORMATION CARD 
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MORE NEW ITEMS! 

JUMBO LED READOUT ARRAY 
\ 

By Bowmar..5 in. 

o- 
/ / / % 'i , character common i- / /_ cathode. Designed 

L mitt f tt f.-. for use with multi - 

1.95 
plexed clock chips y LIMITED STOCK 4 digits in 1 pack! 

3W. AUDIO AMP 
Assembled & test - 

$3 95 ed. Not a kit. Has 
tapped output for 
either 4, 8 or 16 
OHMS. With sche- 
matic. 

2YsT-3 

NATIONAL SEMICONDUCTOR 
SIX DIGIT ALARM CLOCK CHIP 

Haloes", second generation cluck clue 
24 Pm On Super ease le use 

EATDRES 
$1.95 each 

1.700u0 o,sPLAv 24 OUR ALaRM1r [Ow,ARE AT two 
,Oe 6DIGOTS 

L 

M TONE OUTPUT 
OR THREE TOOLS 
OUR PRICE: 

9,40026 ALARM EASY LEO INTERFACE 

POWER FAIL IND BRIGHTNESS CONTROL 

LAU, SINGLE POWER SuedLe 
F AST AND SLOW SET LOW POWER _ 

von SUPPLY FULL DATA, SPECS 

MM5375AA 

HUGE. 

SPECIAL. 
PURCHASE!' 

590 

SPECIAL OFFER! 
With purchase of Clock Chip al left. 
T I COMMON ANODE LED READOUTS 

1ATIL312 33 INCH 
HIGH EFFICIENCY! 
A PERFECT MATE. 

ea. 

BUILD YOUR OWN CLOCK! 
rill~ WE SUPPLY DATA! 

MOTOROLA 7805R 
Voltage Regulator 

Same as standard 7805 
except 750 MA output. 
TO -220. 5VDC output. 
44c each 10/' 3.95 

NATIONAL 

JUMBO LED CLOCK MODULE 
RMA1008. Four digits, 1/2 inch size. Completely self-contained 
module. NOT A KIT! Features: Snooze. sleep timer, alarm signal 
output. brightness control, 50 or 60 Hz operation, 12 HR readout with 
24 HR alarm, and power fail indicator. Direct LED drive, non - 
multiplexed for low RFI. 

SUPER SPECIAL - $6.95 EA. WITH DATA. 
BRAND NEW! (For t ansformer. add $1.95) JUST ARRIVED! 

EXPERIMENTER'S CRYSTAL 

262 144KHZ This frequency r5 2 

to the 18th power Easily divided 
down to any power of 2. and even 
to 1HZ. New byCTS-Knight A 55 

value' 

$1.25 each 

LED IC Counter Kit 
You Get: 1-7490; 1- 
7475; 1-7447; 1 -Led 
Readout. All this for $1.99 
(Led Readout is famous 
SLA-1. .33 in. By Opcoa.) 

FAIRCHILD 
JUMBO READOUTS 

.5 Inch Char High Efficiency' 
FND-503-Common Cathode 
FND-510-Common Anode 

YOUR CHOICE 69C 

10 FOR $5.75 

DISC CAPACITORS 
1 MFD 16V. P.C. 

leads. Most popular 
value) By Sprague. 

20 for $1.00 

Full Wave Bridge 
4 Amp 200 PIV 
69Cea. 10/5.75 

MALLORY 
POWER SUPPLY CAPACITOR 

1500 MFD 16 WVDC 

3/$1.00 10/$2.95 
FACTORY FRESH, SMALL SIZE 

2N3904 -House No. 
TO -92. NPN. 
VCEO-45. 

H F E 100 to 300 
10 for $1.00 

Jumbo Red Leds 
New by G.E. Like 
MV5024. Number 
SSL-22. 
6/S1. 25/53.75 

Motorola PNP Power! 
2N4905 TO -3 case. 90W 

VCEO-60. HFE-100 max at 

2 5A. Good mate for the 
2N3055 PRIME. 

75C ea. 4/$2.50 

GE POWER TRIAC 
SC 146D. House #. 
10 AMPS 400PIV 

TO -220 CASE 754 ea. 

4 FOR 2.50 

LS SERIES TTL 
74LS00-33c 
74 LS02-35c 
74 L504 -35c 
74L508 -35c 
7 4L5 1 0-33c 
74L520 -33c 
74 LS7 3-49c 

74L574 -49c 
74L590 -69c 
74L5138 -89c 
74LS154-1.49 
74LS175-1.10 
74L5367 -75c 
74LS368-85c 

Motorola Quad Op - 
Amp MC3401. Pin for 
Pin Sub for popular 
LM3900. 

3/$1.00 

Digital Research Corporation 
(OF TEXAS) 

P. O. BOX 401247 B GARLAND, TEXAS 75040 (214) 271-2461 

TERMS: Orders under $ 5, add 75c. No COD's. We 
accept VISA, MasterCharge and American Express 
Cards. Money Back Guarantee on all items! Texas 
Residents add 5% Sales Tax. WE PAY POSTAGE! 
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Packed With Science Bargains! 

BRAND NEW 1978 
EDMUND SCIENTiFIC CATALOG 

14 Pages of New Products- New 
instruments, new optics, new 
scientific devices, new tools. 

Solar Energy Edmund has 
everything you'll need to tap 
this energy source of the future. 

Plus hundreds of exciting prod- 
ucts in: Biofeedback Elec- 
tricity Health Holography/ 
Lasers Magnets Micro- 
scopes Parapsychology 

Surplus and many more. 

SEND'.....- 
: 'COUPON 

TODAY' 
'FOR YOUR.'" 

VALUE- 
'PACKED 

COPY. 

u 

1 EDMUND 

4 N^'IFIC 4^a_., 
r,____,.;,. 
G ' ,,,1,-- 

r . '. c` ` : 

. 
ry k 2 

:! ',¡ -y . 

Vrm- _ " . y 
aQt+LF Coa 

.R.4raa UrNI? i j1i; ' 

- .%' 
Y'!_ T5- .,:.1 H:1 JtS. 

- wEA/N!E NIGE EEO. AGN MAGNEtS SOLAR ENERGY PNOTOGNAPNY 

-7.-",,-*, 
- 

TE% _ . _- . ` _ -" /~ 

GET YOUR COPY 

in --I------- 
El Please rush me the brand new 1978 
FREE Edmund Catalog. 

I SCIENTIFIC COMPANY Name 

Address 

City 

State 7ip I 
li l f t ttl tit 11111 tíííí tt l l ttll tll t1 flag im - - En a 

o 

I 
I 
I 

r 

`rT.wr....utar,COIE... 
The Unique Edmund 8 Inchf/5 

Err:: =-5E 

Telescopes tor sports watch- 
ing to comet tracking. One stop 
shopping for toying or building 
quality telescojes. 
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Weather - Also hobbies, photo- 
graphy, model making, treasure 
hunting, lapidary and dozens 
more. 
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Dept. AV14, Edscorp Bldg., 
Barrington, New Jersey 08007 

We'll send your Free personal copy of the 
brand new 172 -page Edmund Scientific Catalog 

just as soon as we receive your name and 
address. You'll find over 4,000 amazing 

and unique products available from no other 
single source. It's our biggest and best catalog 

our 36 -year history. 

Easy 
Radio 

"MINI" 
CONVERTER 

a - 
la :: i 

FM AUTO 

0 99 
AU -333 

wars.) ffff 
M gbracket Included 
*Styles Vary 

to AM For 12 VDC Neg. Grd. 
Dial 45k x 1% x 43e" 

Hookup 
*Lighted 

s` 
,99"AA" 

NI -CAD RECHARGEABLE 
BATTERY 

1.2 Volt Rechargeable 
EACH°Made By 3 Famous Mfr's 

*Ideal for Rodios. Calculators & 
B @ 125 Ea. Similar Devices 

0 
0.11.08 9 

EaE.o. *Rechargeable Over & Over 
10@ 

1 

@ 

tá/1 TA -8 79 60 MINUTE 

BLANK CASSETTES 

eeg 7 C less Than 10 Per Minute 
ideot for voice or 

Pkg. or 3 Music 

AC Adapt. 117V to 6, 7.5 & 9VDC. BA -159 399 

CB Gutter Mount Antenna. AA -929 
6 99 CB Trunk Mount Antenna. AA -99999 

"Message Minder" Tape Recorder As -Is. RA -731 199 

"Bib" Groove Klean Record Cleaner. HF-604 1 99 

500' Hookup Wire Kit. WW -519 1 99 

Volume Controls. Pkg. of 12 Assorted. VC -214 591 

Capacitors. Low Voltage, Elect 50 Pc. CD -407 1.79 

Terminal Stnps. Solder Type, 40 Assorted. XM-501 69t 

Resistors, 100 Assorted Carton. RR -017 79t 

2" PM Speaker, 8-10 Ohm. 2 for 1.00. SS -295 79t 

8 -Track Tape. 40 Minute. TA -907 496 

Earphones. 8 Ohm. Less Cad. Pkg. of 4. PH -405 49e 

Sfreer 12 Digit MOS Calculate Chip Wrth Data. XM-635 . 1.79 

UHF Varactor Tuner With Data Street XM-616 149 

Ceramic Capacitors. Pkg. of 100. CC -211 100 

RED LED. 2 Volt. 10rnA. Pkg. of 5. Pí233 59t 

Black Light Bulb. XM-291 79e 

4 -Digit Mechanical Counter. XM-367 996 

Digital Clock Movement SW -816 299 
Camera Electric Eye. XM-167 1 99 

Deluxe Stereo Headphones. PH -460 299 

Cassette Laplel Mike. 3.5mm Plug. MM -174 1 00 

Slidemount Fe Áuto Stereo of CB. AU -149 1 99 

S to 12 Volt DC Converter, 6V. Acc. On 12V. Batt. AU -297 . 4.99 

4000 RPM 117V. AC/DC Motor. MO -395 129 

18 RPM Geared Motor, 120VAC. MO -409 159 

TV Tuner Mote. 14 RPM, 120VAC. M0-392 159 

3" Fan and 120VAC Motor. M0416 2 49 

Sperry 9 Digit Display. 180VDC. XMb43 1 00 

20 Key Calculator Keyboard. XM-339 1 50 

Assorted Knobs, Kit of 25. KN-030 69c 

.3" 1 Seg. L.E.D. Comm. Anode. Green. XM-341 1 39 

.3" 7 Seg. L.E.D. Comm. Anode. Red. XM-310 1 39 

100 MFD. Elect Capacitor. 50 VDC. CC -216 99e 

12K Ohm Globar Resists. RS -241 59e 

Mini Poly -Styrene Caps. 500 pt 8á125V. Pkg. of 5. CC -234 59t 

Mini Poly -Styrene Caps. 1000 pi. í)115V. Pkg. 5. CC -235 . 59e 

12 Digit Calculator IC Chip. Data Incl. XM-330 1 49 

2" Waterproof Speaker. 8 Ohms. SP -471 1 49 

8040-20 MFDCa150V. Elect. Cap. CC144 59t 

100-150 MF1050-50V Elect. Cap. CC -213 59t 

3VDC Buzzer, 1'/i" Diameter. XM-756 59t 

Wire Terminal Lug, 50 Pcs. Solderless. XM-735 99t 

OFFER GOOD ONLY IN THE CONTINENTAL U.S. 

.. electronics 

'-''' 
' 260 S. Forge St. .Dept. ID Akron, Ohio 44327 

NAME 
ADDRESS 

STATE Z P CITY 
Stk. is Description Price Ea. Total Oty. 

o- 

O Please Tax 
SendC Poste g e 1.>.' Catalog TOTAL 
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:INQ000 
Epoxy Rectíf íers OrdernbytCat'. o and Typo No. 10Á7E1 POWER 

Cat. No. Type No. Ply Price IC MORE! ' TRIACS 

I 
7E 2377 IN4001 50 10 for 9.65 20 for .66 4RI5 

E'73Á -SCR 7E2378 164002 100 10 for .75 20 for .76 90 -Orton..-_ o 7E 2379 164003 200 10 for .85 20 for .86 

O 7E 2381 194005 600 10 for 1.29 20 for 1.30 
1pO 5555 2 fo 

194004 400 10 for .99 20 for 1.00 

7E2382 164006 800 10 for 1.39 20 for 1.40 .69 
7E2383 IN4007 1000 10 for 1.49 20 for 1.50 

11133 

00 -88 
MICRO MINI , 

TOGGLE SWITCHÉSI t 3 Amps, 125 VAC contacts. t 
with chrome handles, complete 
with mounting hardware. 
Cat. No Type Sale 2 for 

7E3936 SPST 51.19 51.20 
O 7E5085 SPOT. 1.39 1.40 

7E4037 DPDT 1.45 1.46 
CENTER -OFF N NMI* NNN 

BULLET RECTIFIERS! 
Order by Cat No 7E60884 and voltage 

0 500 
0 100V 

4 0 200V 

10 for 5.59 20 for 9.60 
10 for .69 20 for .70 
10 for .79 20 for .80 

0 400V 10 for .89 20 for .90 

LYTIC KLINIC :ep llon` 
Order by Cat. No. 7E3269 and value 

OF V Style Sale 11 SALE Y 

10 15 P.C. 10 for 51.00 20 for $1.01 
50 15 P.C. 8 for 1.00 16 for 1.01 
50 25 P.C. 8 for 1.00 16 for 1.01 
50 25 P.C. 6 for 1.00 12 for 1.01 
20 15 P.C. 10 for 1.00 20 for 1.01 

C 20 15 P.C. 10 for 1.00 20 for 1.01 

6 AMP CARTWHEEL 
cot, 7E3584 RECTIFIERS 

50 O j 100 
0 200 

400 
600 

Each IC SALE 
$ 36 2for $ 37 

.45 2 for .46 

.61 2 .62 

.79 2 for AO 
2 for .91 i 0 800 1.19 2 for 1.20 

1000 1.39 2 for 140 

LEDS: 
YOUR CHOICE 5 for $1.00 
1C SALE 10 for $1.01 \5 

.70 

.60 
AO 

1.00 
1.26 
1.26 
1.36 

Each 2 for Type No. 

.19 20 0 5674132 
.19 20 0 5674136 
.19 20 0 5974140 
.19 20 5674141 
.19 20 0 5674145 
.19 20 CI5674151 
.19 20 0 5674153 
.19 .20 0 5974154 
.59 .60 0 5674115 
.29 .30 0 SN74156 
.69 .70 5674157 
.79 ,80 C)5674158 
.19 30 0 5674161 
.29 .30 0 5674164 
.99 1.00 0 5674165 

5674166 
O 5674173 

5974174 
O 5674175 

5974177 
5674179 
6674180 

O 5674182 
5N74190 

.30 0 5674191 
80 $14741922.00 

0 5674193 
30 5674194 
40 0 5674195 
40 O 9674197 
.26 0 5974199 
.50 0 5674200 
7p 0 5674251 

99 1.00 0 5674284 
.99 1.00 0 5974298 

.49 

.79 
3.49 

.99 
1.29 
.69 
.69 
.79 
.59 
.29 
.79 

1.99 
.29 
.39 
.39 
.25 
.49 
.69 

50 
80 

3.50 
1.00 
1.30 

.70 

.70 
80 
.60 

ZEN ERS! Order by Cat. 
No.7E5210 & voltage & wattage 

1 Watt Sale It SALE 
O 7.5V 5 for 51. 10 for $1.01 

Order by Cat. No. \\ 0 8.2V 5 for 1. 10 for 1.01 
O 47E2135 JUMBO RED LEDS 9.1V 5 for 1. 10 for 1.01 

0 47E2137 MICRO RED LEDS \ 11.V 5 for 1. 10 for 1.01 

O 47E2790 JUMBO RED CLEAR LEDS O 12.0 5 for 1. 10 for 1.01 
- 15.0 5 for 1. 10 for 1.01 

PR 
al 

SPDT 12V REED RELAY, IA contacts (Á7E4094) 
SPDT 12V SENSITIVE 2000 ohm coo Á7E30 

ONE CENT SALE 
3 for $1.19 6 for 5120 
2 for 1.19 4 for 1.20 
2 for 1.19 4 for 1.20 
6 for 1.00 12 for 1.01 
2 for 1.00 4 for 1.01 
2 for 1.19 4 for 1.20 
1 for 1.95 2 for 1.96 

1.50 2 for 1.51 

f 

Each 2 for 
SPDT 121! BLOCK RELAY SA contacts (97E4032) $1.98 $1.99 

1.49 1.50 
1 95 1.96 
IÁ9 150 

$ .5¿ ( AI 
.70 0 1 - SPST 24V REED RELAY, norm open, dfp at 4., 1250 ohms (47E5175) 

BUY 1 

AT OUR 
SALE 
PRICE 

LM301V 
LM301H 
LM307V 

O LM308V 
LM308H 
LM309N 
LM311V 
LM311H 
LM318V 
LM320H-5 
LM320H-12 
LM32oH-15 
LM320T-5 
LM32oT-6 
LM322N 
LM324N 
LM339N 
LM34oN-5 
LM340N6 
LM340K-8 
LM340K-12 
LM340K-15 
LM340K-18 
LM340N-24 

THIS SPECIAL ONE CENT SALE IS FOR MAGAZINE ADS ONLY 

REVOLUTION 
THESE ONE -CENTERS ARE THE CENT-CIBLE WAY TO SHOP AND SAVE! 

Cat. No.7E5267I Men's I.E0 

LED WATCH GUTS 
Factory -my.oroond,". Do they work? Who know»! A micro. 

195 
2 f°` 

digital technician's honenze. Guts are there. Some unit» even 1:11 
1.96 have haoeves. LED type display HOURS. MINUTES. SEC- 

ONDS. MONTH, and 1)ATE.Sorry. no specs. 

Order 
By Cat. 
No.7E1981 
& Type No. 

Type 

0 SN7401 
SN7403 
SN7405 
SN7406 

O 597407 
O 597409 

SN7410 
597411 

O 597413 
O SN7414 
O 5N7416 

5N7417 
O SN7420 

567421 
597423 
SN7426 
5N7430 
567432 

O 567437 
SN7438 
5N7440 
597442 

O SN7443 
597444 

G $97445 
SN7446 
SN7447 

G SN7448 
O SN7450 

SN7451 
597453 

O SN7454 

TTL'S 

Each '2 For 
S .19 5 20 

.19 20 

.25 26 

.19 20 

.19 20 

.39 .40 

.39 AO 

.25 26 

.59 .60 

.69 .70 

.99 1.00 

.35 .36 

.35 .36 

.32 .33 

.49 .50 

.29 .30 
20 
.30 
.33 
20 
26 

.19 

.29 

.32 

.19 

.25 

.19 .20 

.69 

.59 

.39 

.99 
1.2S 
1.25 
1.35 
.19 20 
.19 20 
.19 20 
.29 .30 

AT "CENT-CIBLE" PRICES 
Type No. 

O 597455 
O 597460 
0 597462 
O 5N7464 
O SN7465 
O 567470 

SN7471 
O SN7472 
O 597473 
O SN7474 
O 597475 

597476 ' 
SN7480 
SN7482 
597483 
SN7486 
SN7488 
SN7489 
SN7490 

O SN7491 
O 567492 

567493 
597494 
SN7495 
SN7496 

O 597498 
O 5974100 

5974107 
SN74112 
5N74113 

O 5974114 
O 5974121 

5974123 
5974125 
5N74126 

Each 
1.35 
49 
49 

1.79 
69 

1 29 
1 29 
1.75 

79 
39 
.99 
.99 

125 
99 

1.99 

1-49 
.99 
.79 

1.49 
.49 
.49 

1.99 
1.75 

.85 
.99 

1.25 
.29 
.75 

1-50 
3.50 
-79 

6.00 
3.75 

2 for 
1.36 
.50 
.50 

1.80 
.70 

1.30 
1.30 
1.76 
.80 
.40 

1.00 
1.00 
1.26 

8O 
1.00 
2.00 
1.00 
1.50 
1.00 

8O 
1.50 

.50 

.50 
2.00 
1.76 

.86 
1.00 
126 

.30 

.76 
151 
3.51 
80 

6.01 
3.76 

POP -AMPS AT "CENT-CIBLE" PRICES 
Case code: T=TO-220 I'oxxer Tab: V=Mini dip; K=TO-3: 11=TO-5: N=U11'. 

Type No. 
LM300H S .79 

.49 

.45 

.45 

.69 

.69 

.69 
1.49 

.79 
1.49 

Each 2 for 
S .80 

.50 
A6 
A6 
46 
.70 
.70 

1.50 
.80 

1.50 
.99 1.00 
.99 1.00 
.99 1.00 
.99 1.00 

1.49 1.50 
1.49 150 
1.19 1.20 
1.79 1.80 
1.79 1.80 
1.49 1.50 
1.49 1.50 
1.49 1.50 
1.49 1.50 
1.49 1.50 
1.49 1.50 
1.49 1.50 

tIT e no. 
O LM340T-5 1.49 

LM340T-6 1.49 
LM340T-8 1.49 

O LM340T-12 1.49 
LM340T-15 1.49 
LM340T-18 1.49 

O LM340T-24 1.49 
O LM350N .49 
O LM370N 1.99 
O LM376V .29 
D LM377N 2.25 

LM380N 1.39 
LM381N 1.99 
LM386N 1.49 

O LM531H 1.49 
O LM532N .25 
O LM532H .25 
O NE540H 5.95 

LM555V .75 
O LM556N 1.79 
O LM558V .39 

LM558H .39 
LM561N 1.00 
LM565N 1.00 
LM565H 1.00 
LM566 2.49 

2 for 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
.S0 

2.00 
.30 

2.26 
1.40 
2.00 
1.50 
1.50 
26 
26 

5.96 
.76 

1.80 
A0 
AO 

1.01 
1.01 
1.01 
2.50 

O LM567 
LM703N 
LM704H 
LM709H 
LM709N 
LM710N 
LM733N 

O LM741V 
LM741H 
LM747H 
LM1304 
LM1310 
LM1312 
LM1414V 
LM1458V 
LM1800N 
LM3028H 
LM3900N 
LM3909V 
LM4250 
LM75451 
LM75453 
LM75491 
LM75492 

O LM75494 
PA263 

O DM8864N 

2.39 
.59 
.19 
.19 
.49 
.39 
.79 
.25 
.30 
.59 

1.49 
1.79 
2.49 
.19 
.39 
.79 
.65 
.49 

1.75 
1.20 

.69 

.69 
.80 
.80 
.60 

1.50 
.1.29 

2A0 
.60 
20 
20 
.50 
A0 
80 
26 
.31 
.60 

1.50 
1.80 
2.50 
20 
.40 
.80 
.66 
.50 

1.76 
1.21 

.70 

.70 
81 
.81 
.61 

1.51 
1.30 

RIIIIION GUILE: 
Order by Cat. 7E.3939 - 
and Conductors 

Cond. Sale 
20 7-h. $1.98 

O 26 4.H. 1.98 
34 3-R. 1.98 

0 40 3-H. 1.98 

IC Sale 
14 -ft. $1.99 
8 -ft. 1.99 
6 -ft. 1.99 
6 -ft. 1.99 

25 AMP BRIDGE 
Order RECTIFIERS 
by Cat No.7E2273 & voltage 

V Each 11 SALE 
O 50 51.95 21or $1.96 

100 1.49 2 for 1.50 
O 200 1.69 2 for 1.70 
O 400 1.99 2 for 2.00 

600 2.25 2 fa 2.26 
O 800 2.50 2 for 2.51 

25 AMP POWER 
STUD SCRS, TRIACS 

Cat. No.7E-144147 (SCRs) 
Cat. No.7E608864 (Tdacs) 

V. Each 
Cl 50 5 .95 
O 100 1.25 
0 200 1.95 

10 SALE 
2 for 5 .96 
2 for 1.26 
2 for 1.96 

BUY ONE AT 
SALE PRICE, 

GET 2ND FOR 
ONLY 11 MORE 

Easy to build. ) th units are 12 

hOed.i earIM3iÍt6clockchp 4 DIGIT and n of external 
eh. lib 

components. 
i dica. 

clocknmd o, 
options 

zee 
for 
end more. 

rm 
Your Chotee Basic kits Include l'a, sockets, transistors, reudoat» and an $9.95 oCher 

components. (case. PC board tansformer, 2 for $9.96 d line c rd 
Fluorescent hosinpncludee 

5t O 
TUBEST LEll t 1e "cXá 

a 

FLUORESCENT - LED .35" BED LED READOUTS. CLOCK BASICS 
Cat. No. 07E4093 LED 

Cat. No. Á7E3791 Fluorescent Basic Clock Kit 59.95 2 for $996 O Cat. No. 07E3412 12V 300'malock sit 
Cat. No. 07E3792 ComponentsTransformer 

995 2 for 9.96 
for Optional Alarm 1959 (nook 

solo 
. e):e 

Parts & Semi One Centers 
Quan. Description (Order by Cat No. In parenthesis) Sale 1C5ALE 

O SANCAKE PHOTOCELLS, 600 to 1514 ohms (7E2939) 1.00 10 for 1.01 

1_100KHZ MARKER CRYSTALS, appros Tor marker gen. 17E3896) 1 95 2 for 1.96 
I_ MOTHERBOARD EDGE CONNECTOR, 106 pins, .125" (7E3987) 3.50 2 for 3.51 

0 1_48 -PIN EDGE CONNECTOR..156" spacIng (7E3963) 1.95 2 for 196 
O 2 -LCD THERMAL INDICATORS. 88.108°F, 7x1", flexible (07E5195) 1.00 4 for .1.01 

1 -JOYSTICK, four 1006 pots, with knob (87E38084) 4.95 2 for 4.96 
1-EECO THUMBWHEEL SWITCH, BCD, 0-7 (*7E28704). 1.49 2 for 1.50 

O 1 -8 -TRACK TAPE TRANSPORT, with preamp (07E3010) 9.95 2 /or 9.96 
O 1-PLESSEY TV SIDEBAND FILTER, for c'tan. 3 or 4 (Á7E3975) 1.95 2 for 1.96 
O 30.X. WIPE WRAP WIRE. 30 gags, for Its. terminals Á7E3803) 1.00 60.$ for 1.01 

1 -METER, 50u4, 10" square, 0.20db (07E3705) 1.19 2 for 1.20 
1-SPST RELAY, norm. open 12.24 VDC, 1250 ohms, dip 'hie 107E5175) .. 1.00 2 for 1.01 
1-VEEDER ROOT COUNTER, 000.999, resettabie, panel mt. (Á7E5081).. .. 1.49 2 for 1.50 

O 2 -DUAL GATE MOSFET, sin. to 3N200, 3N187. for RF & Mixer (07E5101). 1.00 4 for 1.01 
O 1-6TRACK TAPE HEAD, with plug' 0' toad (07E3468) . 2.50 21or 2.51 
O 10_ CALCULATOR KEYBOARDS, 20 keys and more (7E3524) . .... ... $2.00 20 for $2.01 

10 _CRYSTALS; 'may include CB, Ham & more (7E3250) 2 00 20 (or 2.01 
150 MOLEX IC SOCKETS. on a strip, cut to length (7E3144) 2.00 300 for 2.01 
100._ TERMINAL STRIPS, from 21ugs up (7E3136) 2.00 200 for 2.01 
30 NE.2NEON LAMPS, all 100% good (7E2613) 2.00 60 for 2.01 

O 40 -ft. SHIELDED CABLE, 1 cond, mikes, yyhonor, (07E35771 200 80X. for 2.01 
50_TRANSISTOR ELECTROS, asstd valves, styles (7E2747) 2 00 100 for 2.01 

0 3 SOUND TRIGGERS, sound triggers err w/amp (7E3625) 2 00 6 for 2.01 
10 -CB CRYSTALS, for phase lock loop, NAM, HC/18 (07E5050) 2.00 20 for 2.01 
100 -DISC CAPACITORS, long leads, marked, asst'd (17E25981 . 2.00 200 for 2.01 
100_CAPACITOR SPECIAL. discs, myiar, lytics. more (7E2738) 2.00 200 for 2.00 
10 VOLTAGE REGULATORS, hobby LM320, 340, 70.3 (7E3330) 200 20 for 2.01 

O 30 PANEL SWITCHES, slides, rotaries, mod, etc (7E3268) 2.00 60 for 2.01 
200_ _ RESISTOR SPECIAL, 0 to 1W, carbon, metal (7E3054) 2.00 400 for 2.01 
200_ _HALF WATTERS, resistors, carbon. metal(7E3046) 200 400 for 2.01 
100 NATIONAL IC BONANZA, linears, 7400s ROMS (7E2860) 2 00 200 for 2.01 

O 15 LM34OT VOLTAGE REGULATORS, 5ló 24V, 70220 (.7E2635) 2.00 30 for 2.01 
100_ TWO WATTERS, resistors. carbon -metal marked (.7E2'7735) 2.00 200 for 2.01 

O 100 _POLYSTYRENE CAPS, asstd values, voltage, hiQ (7E2729) 2 00 200 for 2.01 
O 50 THIRMISTORS, resistors that chante with temp (.7E4089) 2.00 100 for 2.01 
O 20_BRIDGES, untested, 2, 4, 6, 10, amp full wave (.7E4022) 2.00 40 for 2.01 
O 25 LAIIP'N'SOCKET SETS, micro, 1.5V. T2 (7E3957).. 2.00 50 for 2.01 
O 15_ MIXED READOUTS, hobby, untested..127. .3, 5, etc. (7E3619) 2.00 30 for 2.01 

150 QUARTER WATTERS, resistors, metal elm, marked (7E3413) 2.00 300 for 2.01 
100_PLASTIC TRANSISTORS, untested, 70.92 (7E2604) 2.00 200 for 2.01 

0 200 PREFORMED RESISTORS, '4, K, 1100, marked, asstd (7E2608) 2.00 400 for 2.01 
D 200 PRECISION RESISTORS, 14, %, IW. 1%, 2% marked (7E2428) 2.00 400 for 2.01 

60_DIPPED MYLARS, shiny finish, asst values (7E2597) 2.00 120 for 2.01 
30 VOLUME CONTROLS, audio, linear, asstd values (7E2421) 200 60 for 2.01 
150 -PREFORMED DISC CAPACITORS, marked values, asst'd (07E2605 .. 2.00.. 300 for 2.01 

O 150-TRmIMER CAPACITORS, mica compression, piston, asst'd. (Á7E3714) . 2.00.. 120 for 2.01 
O GO - YELLOW JACKET MYLAR CAPACITORS, marked, pop values (07E3476) 2.00.. 150 for 2.01 

ISO - GLASS ZENERS, 400 MW. untested. better than 50% yield (07E2740) 2.00.. 300 for 2.01 
O 75 -CA'RBOFILM RESISTORS, 14. % watt, 5 & 10%, marked, asst's (Á7E3534)2.00.. 150 for 2.01 

250 -UNMARKED CAPACITORS, polystyrene, molded, pop values (07E3805) 2.00.. 500 for 2.01 
300 -SILICON SIGNAL DIODES, micro, glass. revers too! 50% yield (07E2628)2.00. 600 for 2.01 
8 -IC SOCKETS, 14, 18 pin, solder tall.{Á'7E3621) 2.00.. 16 for 2.01 
100-1X4148/914 SWITCHING DIODES. 50%f yield. Untested! 1Á7E24181 2.00.. 200 for 2.01 
30 -PC TRIM POTENTIOMETERS, thumbwheel, screwdriver asst (07E3345) 2.00.. 60 for 2.01 

O 15 -SLIDE VOLUME CONTROLS. asst'd values, duals, singles (07E3057) . 2.00.. 30 for 2.01 
0 71 -4" CABLE TIES, plastic, like "Ty -wrap" (07E5218) 2.00.. 150 for 2.01 

1JOYSTICK two 106 pots, for computers. TO games (7E5037) 2.95 2 for 2.96 
1_CHARACTER GENERATOR, 5 0 7 Moatek MK 2002P (7E3898) 4.95 2 for 4.96 

O NOISE CANCELLING MIKE Ham -C13, 5011 ohms (07E3902) 6.95 2 for 6.96 

7 -SEGMENT READOUTS 
3va DIGIT LCD WRISTWATCH DISPLAY, (87E3960) 

0 2 -SPERRY FLAT NIXIES, orange, .3" dual digit (07E5014) 
SPERRY FLAT NIXIES, orange, .3", 15ndlg (87E5015/ 

O MAN -3 BUBBLE READOUT, .19" red, can Bath. (47E3338). 
O 2 - MAN4 READOUTS bubble red, con. anode, .19" (07E1503) 
O END -lo BLOCK READOUT, .122" corn cathode (07E2082) 
O B.DIGIT READOUT, led, corn cathod, red (07E5190) 
O END -503, .5" red, com cathode, 7.seg. (47E2949) 

0 
00 119 

89 t AMPLIFIERS! 1.5 AMP 1 20 

RELAYS! 

Each 2 for 
9 WATTS ON A CHIP, Toshiba T47205 (47E5057) 4.95 4.96 
3 WATTS ON A CHIP, G E PA 263 (07E1822) . 1.50 1.51 

TRANSFORMERS! 
O 12V TRANSFORMER, 300ma, oc leads. 110o.I. 1Á7E34121 

9, O 2.95 NI CAD CHARGER PAK, plug -M.125~325 VAC prl (07E4098) 

GET 2nd 
FOR 1F 

MORE 

Order by Cal. No.7E 5210B 
5 WATTS Sale IC SALE 

3.3V 3 for $l. 6 for $1.01 
6 V 3 for 1. 6 for 1.01 
6.2V 3 for 1. 6 for 1.01 
8.2V 3 for 1. 6 for 1.01 
9.1V 31or I. 6 for 1.01 

0 12. V 3 for 1. 6 for 1.01 
15. V 3 for 1. 6 for 1.01 

O 18. V 3 for 1. 6 for 1.01 
O 24. V 3 for 1. 6 for 1.01 
O 30. V 3 for 1. 6 for 1.01 

DIP SVITI'NE"S! Each 
2 SWITCHES ON A DIP (87E3668 ... _... $ .77 
3 SWITCHES ON A DIP (07E3669 .88 

I O 6 SWITCHES ON A DIP (Á7E3671 1.29 

IC SOCKETS! 
8 -PIN MINI -DIP 1Á7E2123)..., 4 for $1.19 
14 -PIN DIP ... 3 for 1.19 

CI 16 -PIN DIP (Á7E1309 .. ... 3 for 1.19 
O 18 -PIN DIP (07E337Á .. 6 for 1.19 

24 -PIN M51/DIP (Á7E 886) ... 2 for 1.19 
28 -PIN MSI/DIP 017E3887) ... 2 for 1.19 

Each 
$1.49 

1 49 

I 

2 for 
$1.50 

1.50 

$ .2 

for FULL WAVE BRIDGE 
.779 10 AMP RECTIFIERS! 

2 1.30 Order by Cat No.7E2447 & voltage 
PRV 

8 for $1.20 O 50 
6 for 1201 0 100 
6 for 1.20 O 200 

12 for 120 'O 400 
4 for 1.20 0 000 
4 for 1.20 

Sale 
v $129 

149 
1.69 
1.99 
225 

2 for 
$1.30 

1.50 
1.70 
2.00 r 

2.26 Y 

WRITE POLY PAKS 1978 FOR 
FEATURING: CATALOG 

Computer Components! 
Over 400 Assortments! 
Digital Clocks, D0,1'1, 
and Stopwatches! 
HI -Fi Stereos -Speakers! 
Solar Energy! Semi's! 
Test Equipment! 
Fiber Optics! Plus More n' More! 

Terms: Add Doetaee Rated: net 30 
Phone: Wakefield, Mass. (617) 245-3828 t, 
Retail: 16-18 Del Carmine St., Wakefield, 

MINIMUM ORDER - $6.00 

.POLY PAKS 
C.O.D.'S MAY 
BE PHONED 

P.O. BOX 942-E7 
LYNNFIELD, MA. 

Z1P 01940 - 

COPYRIGHT 1978 - POLY PAKS INC. 
JULY 1978 
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P.O. Box 4430C Santa Clara, CA 95054 

For will call only:(408) 988-1640 
2322 Walsh Ave. 
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011015 7.n COxNEC70R5 
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141513 69 0143058 17 MLIINV .50 004012 .71 710627 10 50 335315ABM 1.10 110 an edpe I.CO 
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74010M 1 5 M]InM 2.92 NE566V 1 5 0010511 3 
WS ,65 fellerilnLeNP«n4 SMNz 4.25 

74192N 5) L51J18 115 xf561V 1.20 0D1060112 1710 I25 IIM 1UP lUP 10 IA 115 
74193M B5 1 0206.5 1 20 10405 .60 ,0400 .11 ADO 1 N 8 .15 N.l5 18 MNI 3 S0 ]41231 135 1.3206.5 195 1.404 .N 21061 0.173 310 4. .1. 2. R 10MHI 3.90 
111913 165 1M3n611 I.JS III .0 1D10N 10 IRO 350 16 10 36 51 J2MNt 190 
743550 66 LM3206.15 1,35 1M05 15 2040)U 10 n20 3.10 12 .3] W..1 32]N Mr 10 
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9120 3.50 22.JO LWZMN¿ 1.50 
)038]4 .66 MJ2018 1 W 751910N .50 401012 

05 
Nn x.10 5 X.N 

ri0"61r, 
np Hue 35595 MH7 I A 

11150011L LM3í117.10 1 50 7510001 .55 20075 21 III 159 M 71 2.0110 MNI 1 95 
74L510H .25 103207.15 1.60 154º4C3 .N 101015 71 
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004091 .21 00I;MFYORy 10104 .nn run 1.91 S OMB 6817 1,50 
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.10 .15JCJ 13 95 004116 .47 2101.1 1 95 8212 1.90 57143 MHz 150 
,10 L8130 9 95 24090 1 50 25021 .xl 8214 1.10 1., 316 MHz 4.20 

. .. 0 941N1Gv,n 110 c04501 .10 2103AL51.60 8216 2 90 3121. MNI 115 
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25 1031018 1.10 IG171UJ 9 50 004503 115 22(02 .85 2224 x.35 12132 Milt 4 50 
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fid ° 

Same day shipment. First line parts only. Factory 
tested. Guaranteed money back: Quality IC's and 
other components at factory prices. ill% n 
INTEGRATED CIRCUITS 8164116 25500 

'* 
001511 .0 25130 130 

1143107.12 1.10 
101515 2.52 25102.1 11º 

.11 1813001.15 110 0101 
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004510 1.02 14815210 0.00 
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110 0x51 
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10.95 ÁA001910 
310 

05110014 
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7111055 25 33J405.3 
7415084 25 LM3106.1 
7115104 15 L03406.12 

7415133 .40 110406.15 

51 LM3eox 
0M311 

,L .ID2 

15 LM703N 

Sinclair 31/2 Digit Multimeter 
Batt./AC oper. 1 mV and .1 NA resolution. 
Resistance to 20 meg. 1%accuracy. Small, 
portable, completely assem. in case. 1 yr. 
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 

.2 
chip, transformer, all components and full 
instrucs. Green and orange displays also 
avail. Same kit w/.80" displays. $21.95 

Digital Temperature Meter Kit 
Indoor and outdoor. Switches back and 
forth. Beautiful. 50" LED readouts. Noth- 

r ing like it available. Needs no additional 
H parts tar complete, full operation. Will 
Ii measure -100' to +200°F, tenths of a de- 

gree,air or liquid. Very accurate. $39.95 
6t Beautiful hardwood case w/bezel 511.75 

NiCad Batt. Fixer/Charger Kit 
j Opens shorted cells that won't hold a 

a charge and then charges them up, all in 
one kit wit all parts 8 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 cross 

references. Free update service through 
1978. Domestic postage $3.50. Foreign 
$6.00. Final 1977 Master closeout $15.00 

9 

925 
10.00 
9.x5 
I9./5 

05 
00 

1.95 
9.95 

1i 95 
24.50 

6.50 
7so 
8.95 

ELECTRONICS 

p«nllu«.0Vap 17.60 EaPennt 6R 

fair N"y 9.95 1.10. 150 Bus 

RESI51009 % wall 5% GMbw, 536910 

Op'o WI* .61 00020,0,.612 .196., L559905115 
15 ow typo 025 5502093pace 1x5 m.1anaorme. 3 z5 

25 
LOO pr type .015 Swrry-6.15 125V CT KO ma 5.15 
KEYBOARDS 72V x50 ma war 2190 2 95 
He r 510.95. Fully enrowd. 1700115033411125/77 350 

4 95 
53 key ASCII 

puts and 
N 533.0 101 5 06 .111 pap 0.65 

w 434e3543 6500 E0a4w114.95 16054332 11.95 

1000 
0035417 0E03 

018 
. 5 MÁ31 Co 270 1.90 

47een, 058,40. 1.110* 1016 20 415 CC .125 39 

6 em. 0,4520. Tel, Jumbo t5 1 704 
LAIC 

3300 0.25 
510I4 LEDLE 11'oefhI00 Clips 667 05 00707/007078 CA .300 100 

011210919 932.500 ISO 
040202241 SPECIALTIES In aloe 017411150 102 .600 1.95 

Complete Im 0107040«.0 test 033,5 01750 CO .6011 .95 
8141.110 I dIo0 Fro. Ctr, s11í.95 1X0359 CO 351 .70 

OK WIRE WRAP TOOLS IN sock 7935001507 CUCA .500 975 

39 918140133807 511.00 
100303410 cCICA .510 .90 

5140781.15iERM3METER 445.56 
Ú 5807 0004 .810 3 20 

&n per General purpose 
4 0441 Bubb* 

SY-. Disposable Mob* on, T.2' 061 Fluorescent escent 7.779 

ry CP.. airy. M compact use. 0G1O Fluorescent 1.75 
COMPUTER BOARD [91 5 009 141ís distaly 1.00 

BK RAM Bwre tit 57'4.95 05369 9 Moot dis7/WIy 60 

IK EPROM NO -y y.165 
T10511 Tax ph°ocenc 39 

550 
Ewa: °derdBooaard amonnw 93 

7520 

i w 1c ro1110 
0ed Interlace board 411 125 00 

Red 56 : 1 169 EPROM board M ao PROMS 74 60 

1164 

5Y6C RAM board et 395 00 8870 55 .11 

A4áStu 
Floppy Old, RN ]305 00 Ka50 6043 14 50 

n51w1raveiA 41500 .np«/sock 

SPECIAL PRODUCTS 
81815165 St.IYMCh rimer 9.00 11O21050 

01001 MODULES Comete p alarm clocks 0.115001 Man 1406unon 
111 

Bu a 744 y to Ewa up 0520 transformer and 3 poi. 23 truly 
van tomo* 339 .50' and Ender 500065.3 6.95 

W 000 3 01./I ven*d 
8410029, C M 9 .50' 1.95 Counter Beard [11 

13003 1rindor1*, 9.11 Operates 5 -IS WO DC te 5 MI6 
MA1010. C MN E.' 11.95 
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New Cosmac Super "ELF17 
RCA CMOS expandable to 64K micro- 
computer w/HEX keypad input and video 
output for graphics. Just turn on and 
start loading your program using the rési- 
dent monitor on ROM. Pushbutton selec- 
tion of all tour CPU modes. LED 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. 8 spkr. Detailed assy. man. wIPC 
board 8 all parts fully socketed. Comp. 
Kit S106.95. High address display option 
8.95; Low address display option 9.95; 
Custom hardwood cab.; drilled front 
panel 19.75; Nicad Battery Backup Kit 
w/all parts 4.95; Fully wired 8 tested in 
cabinet 151.70; 1802 software club. 10- 
12 pg. monthly publication 12.00 per yr. 

4K Elf Expansion Board Kit 
with Cassette I/F $79.95 
Available on board options: 1K super ROM 
monitor $19.95 Parallel I/O 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 Elf 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 quality 
monitor without affecting normal usage. 
Complete kit with full instructions. 

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 trimmer. 3 

Clock Calendar Kit $23.95 
C17015 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 °s 

and instructions, less case. 15 

2.5 MHz Frequency Counter á 
Kit Complete kit less case 537.50 

30 MHz Frequency Counter 
Kit Complete kit less case $47.75 a 

Prescaler Kit to 350 MHz $19.95 

Stopwatch Kit $26.95 o 
Full six digit battery operated. 2-5 volts. 

o 3.2768 MHz crystal accuracy. Times to 
n 

59 min., 59 sec., 991¡100 sec. Times std., 
split and Taylor. 7205 chip, all compo- ° 
nents minus case. Full instruc. Molded "I 
plastic case with bezel. $5.00 

Auto Clock Kit $15.95 zi 
DC clock with 4-.507" displays. Uses ° 
National MA -1012 module with alarm - 

option. Includes light dimmer, crystal 
timebase PC boards. Fully regulated, 
comp. instructs. Add $3.95 for beautiful 
dark gray case. Best value anywhere. ,- 

TERMS: $5.00 min. 'order U.S. Funds. Calif residents add 6%tax. FREE: Send for your copy of'our NEW 1976 
BahkArnericard and Master Charge accepted. QUEST CATALOG., Include 24e stamp:, . ' 
Shipping charges will be added on charge cards... 

CIRCLE N0. 39 ON FREE INFORMATION CARD 

PLANNING TO 

IUr1 O'C 
Let us know 8 weeks in advance so that you 
won't miss a single issue of POPULAR 
ELECTRONICS. 
Attach old label where indicated and print 
new address in space provided. Also include 
your mailing label whenever you write con- 
cerning your subscription. It helps us serve 
you promptly. 

Write to: P.O. Box 2774, Boulder, CO 80322 
giving the following information: 

Change address only Extend my subscription 

ENTER NEW SUBSCRIPTION 
1 year $13.00 Payment enclosed 

Allow 30-60 days for (1 extra BONUS issue) 
delivery. Bill me later 

AFFIX OLD LABEL --1 1 

If you have no label h-a-nddyy, print OLD address here. 

i Name please print t`I l 
Address 

Í 

'II 

City - I 

I Slate 
zip _-- i 

NEW ADDRESS HERE 0223 

Name 

Address Apt 

City 

please print 

State Zip 
Additional postage on foreign orders: add $3 a year for Canada, $5 
a year for all other countries outside the U.S. and its possessions. 
Cash only on foreign orders, payable in U.S. currency. 

Operation Assist 
It you need information on Outdated or rare 

equipment -a schematic. parts list. etc. -another reader 
might be able to assist. Simply send a postcard to Opera- 
tion Assist. POPULAR ELECTRONICS. 1 Park Ave.. New York. 
NY 10016. For those who can help readers. please re- 
spond directly to them. They'll appreciate it. (Only those 
items 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 Bert, 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. 

Clough Brengle model CRA. Instruction manual, schematic 
or any available information. John Ridley, RR#2 249, South 
Haven, MI 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-348. Schematic and 
parts list. Bruce M. Michaud, Box 1055, 331 Main St., Lake 
Placid, NV 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. Wurlltzer 2600 and 2610 juke boxes. Service man- 
ual. 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 Blvd, Port 
Charlotte, FL 33952. 

Halficrafters model 8R40 shortwave receiver. Schematic 
and owner's manual. Wes Kinkaid, 1023 8th Ave., North, 
Great Falls, MT 59401. 

Precision model E-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, NV 
11209. 

Specialties Inc. radio control rig. Model Bonner Digimite 
6RS. Schematic. J.L. Williamson, 408 W. Magnolia St., Si- 
loam Springs, AK 72761. 

RCA 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. Schematic and operating 
manual. P,L. Miller, 2811 West Drexel Rd., Tucson, AZ 
85706. 

Panoramic oscilloscope model PCA-2, type T-200. Sche- 
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o lilTEEPIE\TED Ii ELEE-HiDnIES 
540 Weddell Drive, #4, Sunnyvale, CA 94086 (415)969-7827 
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74H11 
74..30 
74.440 
74H53 

.40 

.40 

.40 

.40 

.40 

.65 

.65 

.65 

S TTL 
74soo .40 
74502 40 
74504 .45 

74510 .40 
74540 .50 
74564 .75 
74574 .65 
74511? .65 
745114 1.58 
7491.34 .85 
740153 1.89 
745157 1,55 

8000 TTL 
8092 .95 
8094 .60 
8095 80 
BrYJ6 .90 
8098 90 
8121 2.25 
8136 3.75 
8220 3.75 
8231 2.75 
8242 1.75 
8750 1.75 
8260 2.25 
8781 1.00 
8284 i 
8289 r 
8334 4.00 
6553 6.50 
8556 3.75 
8599 3.75 

Interface 
0025 3.50 
0020 1.75 
8640 1.25 
8641 7.75 
8806 3.00 
8819 1.75 
8920 5.00 
8830 4.90 
8833 245 

8835 
8836 
8837 
8838 
8859 
8865 
8856 
8967 
8869 
8879 
8880 
8884 
8973 
8974 
897n 
75107 
75450 
75451 
75452 
75453 
75491 
75497 
75494 

7.45 
1.25 
245 
2.45 
1.50 
1.50 
1.50 
1.85 
1.75 
2.75 
2.75 
145 
2.95 
7.95 
2.95 
3.25 
1.00 

80 
.80 
.80 

1.25 
1.40 
1.50 

Peripheral 
8212 3.50 
8214 8,50 
8216 3.75 
8274 4.75 
8228 9.90 
8251 11.50 
8255 10.50 
2513 9.50 
7516 9.50 
1013 6.50 

PPL 
561 5.00 
566 1.70 
567 1.65 

Op. Amps. 
301N .35 
307 .35 
308H 1 00 
316H 1.50 
324N 1.75 
709H JO 
741H .35 

V. Reguls. 
309K .25 
30911 .00 
370H 5 .85 
3707.5 .25 
3707 12 .25 
J4UT 5 25 
340t I? 25 
3401-15 25 
3407.74 .25 

TIMERS 
555 .39 
556 .85 

74LSxx 
7415374 7.25 
7415375 1 75 
74LS377 3.75 
74LS378 2.35 
74)5379 2.75 
74LS386 95 
74L5390 3 75 
74L5393 7.15 
74_5395 . 85 
74:5399 2.60 
74LS490 3.75 
74LS668 225 
7455669 1 85 
74L51570 3.95 
74LS368 .95 

For Inure 74LSxx, refer to our ad If what you need is not listed. ask for it. 
in the June issue of this magazine. Send selíaddressed stamped envelope. 

SPECIAL - 21L02/450ns (I .50/10np; I.?5/soup; 1.25/IOO9p) 
± Digit A/D LD130 S5.50 

M.n,mum orar, 55.00 US Currency. Check or ney order only. Add 5% t0 cover ih,pping and 
handling charges. Gml. residents add 6% sales ta.. Santa Cla, a County residents add 6-5% sales ta.. 

CIRCLE NO. 19 ON FREE INFORMATION CARD 

matic and operating manual. Mr. Allan Vontorcik, 17301 Ma- 

ple Boro Rd., Maple Heights, OH 44137. 

Precision Apparatus Co., Inc., series ES -500A oscillo- 
graph. Schematic, especially power transformer section. 
Larry Greenstein, 1331 SW 93 Court, Miami, FL. 

RCA model BT -42 superheterodyne radio. Schematic, parts 
list, and/or voltage requirement. John E. Jones, 1030 Wood 

Eden Dr., Kingsport, TN 37660. 

Harvey Wells TBS-50D transmitter. Manual and/or sche- 
matic. Doug Jorgensen, 20411 N. 9th St., Oskaloosa, IA 

52577. 

Hycon color bar dot generator model 616. Operation manual 
and schematic. Robert Vigil, 2760 Corabel LN #57, Sac- 

ramento, CA 95821. 

Bell and Howell model 34 oscilloscope. 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 Model. 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 Cl., Sterling, VA 

22170. 

Dumont type 304A oscilloscope. Manual and/or schematic. 
Hallicrafters Super Skyraider, manual and schematic. Neil 
Van Oast, Rd# 1, Box 301P, Waretown, NJ 08758, 

Grundig 5490 AM/FM/SW receiver. Schematics. John F. 

Pane, Rd. 1 Mason Rd., Baden, PA 15005. 

Lavole 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. 

For 
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100 MHz 8 -Digit Counter 

20 60.100 MHe Range 6" LEO Display Fully Automatic 
Includ.es 100.IPC clip lead inpu,,sole; manual $119.00 
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Ovi,head Protected 'Batten/ or 

AC operation 3" high LEO D,iPlay 
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BEST 
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E/COL, 3V2 Digit DMM 

Flossing Oyer.Range Indicator 

Auto Polarity overload Protected 

Model 270 wired Reg. 580.00 

Kit $65.00 

,--,- 1=NGORI= 
Portable Super 
Cricket Transistor'75 
R. FET Tester TP u6 

Comes complete with: AC 

Model MS 15 
-1 e-- / 

Adapter: 796.85 Touch Probe $195.00 
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Model GESP752 

$7.95 
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Soldering Irons 

1_2 unas $17.95 
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7 pr more 16.00 

$13.95 Model99PR 

WAHL 

WAHL:Thermal 
Spot NEW ISO TIP 

I "Quick Charge 

Circuit Tester 1.2 
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Fines law,, cpmpbnati guaklr and eak,l, 

¡ 7 $26.95t 
MODEL 5800 $22.50 $2 

I =5= QT Sockets & Bus Strips 

0y191:0302169pllnikaO,au"' : 01535 
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0 00 
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3 25 
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Multi meter w,'h°led Itl 
$Reg. $11.95 

m 8,155 Conehn St Farmingdale, N Y. 11735 
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M. 
55955 New York State residents add approp sales tax 

Add 63.00 for snipping and insurance Iwnbnemal USA 0,101 - 

9 voltInd bautreweer $22.00 fit, 
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OUTSIDE OF JAPAN... 
NEW-TONEELECTRONICS Has the Largest 

Inventory of Original Japanese Components 
Anywhere! 

PARTIAL. LIST -- CALL US FOR ALL YOUR DEVICE NEEDS 

2SA49 .49 2SB492 1.00 = 2SC775 1.90 
2SA101 .49 2SB495 .75 2SC776 2.50 
2SA102 .49 2SB507 1.40 2SC777 4.95 
2SA200 .49 2S8511 1.50 2SC778 3.50 

,,;2SÁ221 .79 250528 1.40 2SC781 2.50 
2SA234 .59 2S8536 1.50 2SC783 2.95 
2SÁ353 .69 2S8539A 4.70 2SC784 .49 

2SA377 1.89 2SB541 4.70 2SC785 .65 
2SA387A .69 2S8554 8.00 2SC788 2.95 
2SÁ473 1.25 2S8561 .60 2SC789 1.00 
2SA483 2.79 258627 2.95 2SC790 1.50 
2SA484 2.44 2SC793 2.50 
2SA485 1.95 2SC32 1.35 2SC798 3.95 
2S A489 1.39 2SC116 3.00 2SC799 3.25 
2SÁ495 .60 2SC172 1.75 2SC815 .55 
2SA496 .99 2SC206 2.50 2SC828 .49 

12SA497 1.44 2SC237 1.75 2SC829 .49 
2SA509 .50 2SC281 50 2SC830 2.95 
2SA525 1.95 2SC284 1.20 2SC838 .50 

112SA537A 1.95 2SC287 1.25 2SC839 .50 
2SA539 .60 2SC291 3.95 2SC853 .90 
2SA561 .48 2SC325 3.95 2SC866 5.00 
2SÁ562 .45 2SC367 .85 2SC867 6.00 
2SÁ564 .50 2SC371 .49 2SC870 .50 

,2SÁ565 1.05 2SC372 .49 2SC871 .50 
3.20 2SC373 .49 2SC900 .50 ,2SA566 

2SA606 1.69 2SC374 .49 2SC922 .69 
'2SA624 .99 2SC375 .49 2SC929 .49 
2SÁ628 .49 2SC380 .49 2SC930 .49 

52SA634 1.00 2SC381 .50 2SC938 .95 
2SÁ636 1.25 2SC382 .55 2SC943 1.00 
2SA640 .49 2SC384 .60 2SC945 .49 

2SA643 .60 2SC385 .70 2SC959 1.35 
2SÁ659 .49 2SC386 70 2SC960 2.95 
2SÁ663 4.75 2SC367 50 2SC984 .80 
2SA666 .69 2SC394 .49 2SC1000 .49 
2SA671 1.50 2SC403 .50 2SC1013 .95 
2SA672 .70 2SC454 .49 2SC1014 .95 
2SÁ673 .70 2SC458 .49 2SC1017 1.20 
2SÁ678 .65 2SC460 .49 2SC1018 1.00 
2SA679 4.95 2SC461 .49 2SC1030 2.80 
2SA680 4.95 2SC478 .80 2SC1034 5.60 
2SA682 1.49 2SC481 1.50 2SC1047 .59 
2SA683 .60 2SC482 1.40 2SC1060 1.40 
2SA684 .60 2SC484 2.60 2SC1061 1.25 
2SA695 .60 2SC485 1.40 2SC1079 3.95 
2SÁ699 1.30 2SC486 1 50 2SC1080 3,95 
,2SA699A 1.45 2SC493 3.50 2SC1096 .80 
2SA705 .75 2SC494 4.50 2SC1098 1.00 
2SA706 1.45 2SC495 .85 2SC1114 4.92 
2SA715 1.35 2SC496 .85 2SC1115 3.00 
2SA719 .59 2SC497 1.40 2SC1116 4.25 
2SA720 .59 2SC502 1.50 2SC1116A 4.75 

",2SA721 .59 2SC503 1.75 2SC1124 1.20 
2SA733 2SC504 1.75 2SC1162 1.00 
2SA740 1.95 2SC509 .75 25C1166 .48 

2SÁ745 4.50 1 2SC515 1.95 2SC1170B 4.95 
2SA 747 5.75 .' 2SC517 3.60 2SC1172 5.25 
2SA750 .49 2SC535 .55 2SC1173 .75 

2SA756 3.30 2SC536 .49 2SC1175 .75 

2SA758 5.60 2SC537 .49 2SC1209 .75 

2SA777 99 2SC538 60 2SC1211 .59 
2SA816 .70 25C563 90 2SC1212 1.65 
2SA839 1.95 2SC580 1.95 2SC1213 .59 

2SC608 5.95 2SC1226A .85 
2SB22 .65 2SC609 5.95 2SC1237 4.00 
2SB54 .49 2SC614 3.95 2SC1239 3.50 
2SB56 .95 2SC619 .65 2SC1306 3.50 
2SB75 .48 2SC620 .49 2SC1307 4.75 
2SB77 .48 2SC627 2.95 2SC1308 5.75 
2SB111 .59 2SC632 60 2SC1312 .49 
2S B 156 .95 , 2SC634A .60 2SC1313 .49 
2S8172 .60 ,2SC644 .49 2SC1317 .49 
2SB175 .60 ' 2SC645 60 2SC1318 .49 
2S8186 .49 2SC674 .60 2SC1327 .49 
2SB187 .55 2SC680 2.60 2SC1330 1.35 
2S8202 1.50 2SC684 1.20 2SC1342 .49 

= 2SB227 2 95 2SC693 .49 2SC1344 .49 
" 2SB234 2 95 2SC696 1.75 2SC1347 .85 
2SB235 7.95 2SC699 5.95 2SC1359 .65 
2S8270 79 2SC708 1.75 = 2SC1360 .95 
2SB303 49 2SC710 .49 2SC1362 .52 
2S8324 .60 2SC711 .49 2SC 1364 1.10 
2S8337 1.35 2SC712 .49 2SC1377 4.80 
2S8370 .65 2SC715 .69 2SC1382 .95 
2SB405 .60 2SC717 .50 2SC1383 .50 
2SB407 1.35 2SC730 4.15 2SC1384 .80 
2SB415 .65 2SC731 3.00 2SC1402 3.60 
2SB434 1.15 2SC732 .49 2SC1403 3.60 
2SB435 1.35 2SC733 49 2SC1419 .95 
2S8440 .60 2SC734 .49 2SC1447 .90 
2SB461 1.60 2SC735 .49 2SC1448 1.00 

° 2SB463 1.40 2SC738 .49 2SC1449 .85 
2SB471 1.40 , 2SC756A 2.40 2SC1475 1.25 
2SB472 2.60 " 2SC763 .49 2SC1507 1.40 
2SB474 1.10 2SC773 .60 2SC1509 .85 
2SB481 1.50 2SC774 1.50 2SC1624 1.10 

° MINIMUM ORDER 55.00 
All. orders add 51.00 Postage' and Handling. 

° Canada 51.50 
N.J. Residents add 5'o sales tax 

DEALERS: Write on letterhead for confidential price list. 
24 HOUR SHIPMENT ON ALL DEVICES IN -STOCK. PO. Box 1738A, Bloomfield, N.J.07003 

ALL PARTS GUÁRANTÉED -COD ORDERS WELCOME Phone: (201) 748-6171, 2, 3 
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SONYRIKYUTOSHIBA 
NECHITACHIMITSUMI 

SHINDENGENMITSUBISHI 
FUJITSUFUJI-TENJRC 
SANYOR-OHMUNIDEN 
PANASONICCYBERNET 
SANKENNPCORIGIN 

2SC1628 1.10 40081 1.50 S6087A 3 80 
2SC1669 1.25 40082 3.00 S6087B 3 80 
2SC1674 .49 AN 136 2.90 STK011 7.50 
2SC1675 .49 AN214 3.35 STK015 6.50 
2SC1678 2.00 AN239 6.50 STK025 12.50 
2SC1679 2.95 AN241 2.40 STK032 14.20 
2SC1684 .49 AN245 5.50 STK036 19.00 
2SC1728 1.85 AN247 4.80 STK050 24 50 
2SC1730 .95 AN271 3.20 STK056 11 35 
2SC1756 2.75 AN289 7.90 STK405 9 20 
2 SC 1760 1.60 AN315 3.50 STK415 8.50 
2SC1816 3.50 AN331 5.40 STK433 9.25 
2SC1908 .49 AN343 3 90 STK435 9 50 
2SC1909 3.75 AN 360 2.50 STK437 11.50 
2SC1957 1.00 A N 380 7.50 STK439 11.60 
2SC1964 3.95 8A302 2.50 TA7028M 3.50 
2SC1969 4.70 BA511 3.00 TA7045M 3 25 
2SC1973 .90 BA521 3.40 TA7051P 3.00 
2SC1974 3.50 C3001A 2.95 TA7054P 3.05 
2SC1975 3.50 CX075B 2.95 TA7055P 3.00 
2SC2020 4.95 CX 1000 8.50 TA7060P 1.40 
2SC2027 6.00 CX101G 8.50 TA7061P 1.50 
2SC2028 .80 CX103D 8.50 TA7062P 1.50 
2SC2029 3.40 CX104A 8.50 TA7063P 1.50 
2SC2034 2.95 CX121A 7.50 TA7072 3.00 
2SC2074 2.50 CX130A 7.00 TA7074 2.90 
2SC2075 4.00 CX148 11.70 TA7075 3.75 
2SC2091 2.50 CX149A 14.00 TA7076 3.75 
2SC2092 3.25 DN834 1.50 TA7089 2.90 
2SC2098 3.90 0N835 1.60 TA7102P 5 80` 
2SC2166 3.75 DN837 1.50 ' TA7106P 3.25" 
2SD45 4.95 DN838 1.70 TA7120P 1.50 
25068 .90 HA1151 3.20 TA7122 1.50 
2SD72 .80 HA1157 4.20 TA7124 1.85 
2SD77 1.50 HA1158 4.20 TA7146P 3.751 
2SD81 3.95 HA1159 5.00 TA7148 3.90. 
2SD88 4.80 HA1199 3.25 TA7149P 3.90 
2SD118 3.00 HA 1202 2.20 TA7150P 3.75 
2S0130 1.20 HA1306 4.90 TA7153 6.90 
2SD170 1.50 HA 1308 4.50 TA7167 6.20 
2SD180 2.50 HA 1312 3.40 TA7200P 3.50 
2SD187 .49 HA1314 4.20 TA7201P 4.50 
2SD188 2.70 HA1316 3.50 TA7202 4.50 
2S0201 4.50 HA1318 5.00 TA7203 4 25 
2S0213 4.95 HA 1322 4.20 TA7204 3 70 
2S0217 3.80 HA1325 3.20 TA7205 360' 
2SD218 3.90 H A 1339A 4 95 TA7207 3 50 
2SD227 .48 HA 1342 4.50 TA 7208 3 50 
2SD234 .85' HA 1366 4.20 TA7209 3.80 
2SD235 .85 HA11112 8.90 TA7210 6.50 
2SD257 3.50 HA11113 6.50 TBA800 4.40 
2S0261 1.00 HD3113 4.90 TBA8100S 4 40 
2SD287 3.70 H 03127 7.80 TC4081P 1 75 
2SD288 1.50 LA1201 4.25 TC5080P 5.80 
2SD313 
2SD314 

1.05 

1.50 
LA 1240 
LA 1364 

3.30 

3.70 ' 
o TC5081P 3.60 
TC5082P 4.00 

2S0315 1.20 LA 1366 4.25 TC9100P 8.50 
2SD318 1.95 LA 1369 4.25 TD3400P 1.55 
2SD325 .90 LA3155 2.25 TD3441AP 5.10 
2SD330 1.50 LA3201 1.95 TM4312P 1.00 
2SD331 1.50 LA3301 3.40 UH1C001 6.50 
2SD356 1.00 LA3310 4.20 UH1C003 650 
2SD358 1.10 LA3350 3.30 UH1C004 6.50 
2S0360 1.05 LA4000 7.50 UH1C005 6.50 
2S0382 1.20 LA4030 5.40 UH1C006 6.50 
2SD427 2.55 LA4031P 3.20 UPC16C 250 
2SD525 1.50 LA4032P 4.20 UPC20C 3.75 
2SCF6 1.25 LA4051P 3.20 UPC30C 3.75 
2SCF8 3.50 LA4101 3.20 UPC41C 2.80 
2SF8 3.00 LA4201 3.25 UPC48C 3.95 
2SK19 1.25 LA4400 3.40 UPC151CA 2.50 
2SK23A 100 LA4420 3.40 UPC554C 250 
2SK30A 75 LAD001 3.20 UPC555H 2.20` 
2SK33 90 LD3040 1.60 UPC563H2 8.00 
2SK34 .90 L03120 2.40 UPC566H 1.25 
2SK40 1 30 M5112 8.40 UPC573C 3.25 
2SK55 1 00 M5151 PR 7.80 UPC575C 2.60 
3SK22 2.20 M5152L 2.75 UPC576 3 25 
3SK22Y 2.20 M5192 4.80 UPC587C2 2 95 
3SK35 2.00 M51171L 2.00 UPC592H2 1 40 
3SK39 2.00 M51513L 5.10 UPC595C 2.95 
3SK40 2.00 M 83705 3.35 UPC596C 2.75 
3SKa1 2.20 MN3001 19.50 U PC 1001 H 2 3.50 
3SKa5 2.20 M N3002 11 70 UPC1008C 5.75 
3SK49 2.20 MN 3003 9.45 UPC1020H 4 25 
JSP7001 .75 M N 3004 17.95 ' UPC1025H 350 
MA26 .28 M N 3005 75.00 UPC1026H 3.10 
M PS8000 1.25 M N 6040 16.75 UPC1152H 3.95 
M PS8001 1.25 M N 6040A 16.75 UPC1154H 395 
MPSUO2 .50 UPC1155H 3.95 
MPSU31 4.00 PLL01A 13.50 UPC1156H 4.50 
MRF8004 300 PLL02A 8.50 UPC1380C 9.50 
SD1074 19.95 PLLO2A.G 8.50 UPC78L05 1.40 
SD1076 28.95 SG609 4.80 

= UPD277C 4.50 
400544005 3.00 SG613 6.75 UP0857C 15.50 

3.001.25 S6080A 3.75 ' UPD858C 9.50 
40080 S6080B 3.80 UPD861C 18.50 

NEW -TONE 
ELECTRONICS 

Popular Electronics 
ADVERTISERS INDEX 

READER 
SERVICE NO. ADVERTISER PAGE NO. 

52 A P Products, Inc 6 
1 Active Electronics Sales Corp 96 
2 American Microsystems, Inc 90 
3 Ancrona Corp 98 
4 Antenna Specialists Co ...THIRD COVER 
6 Audio Discount Warehouse 83 

CREI, Capitol Radio Engineering 
Institute 78, 79, 80, 81 

7 Chaney Electronics 103 
Cleveland Institute of 

Electronics, Inc 36, 37, 38, 39 
8 Cobra, Product of 

Dynascan SECOND COVER 
53 Communications Electronics 90 

9 Continental Specialties Corporation 2 
10 Cooper Group, The 12 

11 Digi-Key Corporation 95 
12 Digital Group, The 9 
13 Digital Research Corp 103 

14 EICO 87 
Edmund Scientific Co 104 
Electronic Systems 100 

15 Fordham Radio Supply 109 

GFN Industries, Inc 5 
16 Godbout Elecs., Bill 103 
17 Grantham College of Engineering 85 

5 Heath Company FOURTH COVER 
18 Hobby World 99 

19 IE Integrated Electronics 109 
20 Illinois Audio 87 
21 International Components Corp 102 

50 J&R Music World 85 
22 Jade Computer Products 101 
23 Jameco Electronics 92, 93 
24 Jim -Pak 11 

25 Kager International 73 

26 Leslie Paul, Inc 43 

27 McIntosh Laboratory Inc 85 
Micro Computer Mart 89 

51 Midland International 15 

NRI Schools 16, 17, 18, 19 
28 Netronics R&D Ltd 58 
29 New -Tone Electronics 97 
30 New -Tone Electronics 110 

31 OK Machine & Tool Corporation 71 
32 Olson Electronics 104 
33 Optoelectronics 14 

34 PAIA Electronics, Inc 87 
35 Page Digital Electronics 73 
36 Panasonic 23 
37 Pickering & Co 21 
38 Poly Paks 107 

39 Quest Electronics 108 

40 Radio Hut 94 
Radio Shack 13, 91 

49 Sabtronics International Inc. 74, 75 
41 Scelbi Computer Consulting, Inc. ... 66 
42 Scientific Audio Electronics, Inc 40 
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Electronics Ç asshec 
REGULAR CLASSIFIED: COMMERCIAL RATE: For firms or individuals offering commercial products or services, $2.40 per word. Minimum order $36.00. EX- 

PAND-AD1 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 a personal 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 to 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 surplus receivers, transmitters, 
snooperscopes, electronic parts, Picture Catalog 25 cents. 
Meshna, Nahant, Mass. 01908. 

LOWEST Prices Electronic 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, 
Bluffton, Ohio 45817. 

RADIO-T.V. Tubes -36 cents each. Send for tree catalog. 
Cornell, 4213 University, San Diego, Calif. 92105. 

AMATEUR SCIENTISTS, Electronics Experimenters, 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 5/55: 6P11P 5/$7.25. Dip Switch 
10-SPST 10/515. Transformers 12.2 V CT -6A plus 8.5V -5A 
$6.95. 24V -5A $5.95. 10' RG58C/U 12/510. Fertlks, 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 
directories 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. PDO Electronics 
Box 841, North Little Rock, Arkansas 72115. 

POLICE/Fire scanners, large stock scanner crystals, 

antennas. Harvey Park Radio, Box 19224, Denver, 

CO 80219. 

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. Monitor $3.95. Send make, 
model, frequency. G. Enterprises. Box 461P. Clearfield, UT 

84015. 

-. ORGAN KITS 
KEYBOARDS 

THE ULTIMATE IN DESIGN 
AND SOUND 

Demo Record & Brochure $1.00 
Wurlltzer reprOductiOns IIIj DEVTRONIX ORGAN PRODUCTS, Dept. C 
lei 5872 Amapola Dr. 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. 

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 PLIJS year's subscription to Electronic News 
Letter. $1.00. Don Britton Enterprises, 6200 Wilshire Blvd., 
Los Angeles, Calif, 90048. 

NAME BRAND Test Equipment. Up to 50% discount. Free 
catalog. Salen Electronics, Box 82, Skokie, Illinois 60076. 

SURPLUS COMPONENTS, Communication and test equip- 
ment. Illustrated catalog 25 cents. E. French, P.O. Box 249, 

Aurora, Illinois 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. Islip, New York 11795. 

B&K Test Equipment. Free catalog. Free Shipping. Dinosaur 
discounts. Spacetron-AG, 948 Prospect, Elmhurst, IL 60126. 

ANYONE CAN SOLDER WITH,- r 

DO-IT-YOURSELFERS! 
Let Kester solder aid you in your home repairs 
or hobbies. A radio, TV, model 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, III. 60639 

KESTER 
sGIAw 

USED TEST EQUIPMENT- Tektronix, HP, GR, Write: PT1, 

Box 8699, White Bear Lake, MN 55110. Phone: (612) 429- 
2975. 

WEATHER MAP RECORDERS: Copy Satellite Photo- 

graphs, Natioral-Local Weather Maps, Learn How! 

$1.00. Atlantic Sales, 3730 Nautilus Ave., Brooklyn, 

N.Y. 11224. Tel: (212) 372-0349. 

AUDIO EXPERIMENTERS, Serious Music Synthesizer 

Stuff: literature, kits, components, circuits and 

more. Send SASE for FREE INFO. CH Associates, 

POB F, Newton, NH 03858. 

NAME BRAND TEST EQUIPMENT at discount prices. 72 

page catalogue free. Write: Dept. PE, North American Elec- 
tronics, 1468 West 25th Street, Cleveland, OH 44113. 

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. 

RADIO SHACK MERCHANDISE 10% off catalog prices. 
$25.00 or more delivered. A.S.C. 2224 N. 10th St., McAllen, 
TX 78501. 

TRANSISTORS FOR CB REPAIR, IC's and diodes. TV 

audio repairs, 2SC799 - $3.00, 2SC1306 - 
$2.95, 2SC1307 - $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, 2-3/4x2-1/4 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 
° FREE CATALOGS 

ETCO ELECTRONICS, Dept. EB 
North Country Shopping Center 

° Rt. 9N, Plattsburgh, N.Y. 12901 

a 
° 

SURPLUS ELECTRONICS 
ATTENTION HOBBYISTS- SEND FOR 

YOUR FREE CATALOG 
Great buys in tape drives, keyboards, power 
supplies, and transformers. We also have heat 
sinks, steel cabinets, I/O terminals, video disi 
plays, printers, and equipment cases. And of 
course components, fans, wire, and cable. Write 
now to 10 Flagstone Drive 

Worldwide Electronics Hudson, NH 03051 

I g D 

NRUSTABLES 

T0F1PIckups & Vans ® o 
DETROIT APPROVED: No rust or weld sediment 

in Install one hour- lightweight, no bodywork 
required Complete KIt Guaranteed life of ' vehicle Meets Federal & State standards 
For FREE Catalog -TOLL FREE 800/433-2386 

1 (In TEXAS call 817/756-6221) 1 
PICKUP & VAN EQUIPMENT CO. g 

`Dept. PE, P.O. Drawer C, Hewitt, TX 76643, 

NOW carry up to 40 
extra gallons with 
auxiliary tanks econo-tank 

1 

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 Manufacturng, Inc., Box 445, Kenmore, WA 98028. 

WIRE PVC INSULATED BUSS WIRE WIRE WRAP 

PVC iNSULAIION - IC SOLIO COLORS WIVE WRAP 

GA SIAAMOMO COMO SOLIO CONS BUS WIAL LWNT 0 1IOn 
ton tou t, nnoi, 1000r1 10021 1000 Pt 10011 1000(1 

70 200 1200 i 75 ,, 00 ' SO 900 
22 7 25 1.1 00 200 ,200 1 75 1, 00 

20 2 75 17 00 2 50 15 00 7 75 I, 00 

IB 300 1900 275 1700 750 1500 
30 

22, 1400 

L0r,S^ uu,siui 5 cur'., M uu.oh0115a ,mux,o s-'m,c 
.+ t1 s>masOf US A,C,'[I ON O+n ONO,+u-.V 

RAM ELECTRONICS B0x 336. BROOKHAVEN N v 11219 

BATTERIES, NiCad new surplus. 10 pack -$3.50. G. White, 
P.O. B. 19279, San Diego, CA 92119. 
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SMALL 
WONDER 

expensivee, imported miniature 
systems, yet only costs $55 each. 

` Because you assemble it in less 
than an hour with only a tube of 

You can gel a vir- - ° .. special adhesive. See It in our 54- 
tual wall of sound I °y i page color catalog/manual of kits. 
out of two -element raw speakers and accessories. 
high-fidelity stereo 'a - " " Send 50e to. 
speakers only ten 4 /LIDO inches high With 
I. dome tweeter t 
and 6" woofer. the - Q Dept. PE -R, 
Speakerlab Point 735 N. Northlake Way 
One outperlorrm the j!- ' 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, Iowa 
50316. 

AMAZING NEGATIVE ION GENERATORS and accessories. 
Fascinating details. $1.00. Golden 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 refundable. CIR- 
COLEX, Box 1%, Marcy, N.Y. 13403. 

TANDY TRS-80, HEATH H-8 Adapters to S-100 bus, 
$49.95 kit. MINIMART, 1618 lames, 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, Z80 $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; RA Ms: 2114 
$14, 2115-2 $5, 2116 $52, 2125A $6; BYTE ELECTRONICS, 
Box 8603, San Jose, CA 95155. 

MEMORY ADAPTER converts any voltmeter into high per- 
formance memory voltmeter. 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.O. only. DIGITAL WORLD, P.O. 

Box 5508, Augusta, GA 30906. 

SEVEN SEGMENT LED DISPLAY .3 HIGH, W/Resistor & 
74L47 DIPs on flex circuit, dual unit $0.00; 1/16 2 side PC 
Board 81/2x11 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, 41/2 in sq, 110 volt ea $4.00; 74L74, 74L04 DIP 
House no-, each 15 cents. Stepping Motors, 159step, 28 volt 
each $4.95; DC Motor & Tech 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.O. Box 19041-R, 
Detroit, MI 48219. 

AMAZING ELECTRONIC a . PRODUCTS 
LASERS SUPER POWERED, RIFLE, PISTOL POCKET SEE IN DARK - PORO. 
TECHNICAL DEBUGGING UNCRAMBLERS - GIANT TESU STUNWAND . 1v 

" DISRUPTER ENERGY PRODUCING, SCIENTIFIC DETECTION, ELECTRIFYING 
CHEMICAL, ULTRASONIC, CB, AERO, AUTO AND MICH DEVICES, HUNDREDS . 

' MORE . ALL NEW PLUS INFO UNIT') PARTS SERVICE. . 

INFORMATION un(liawlve 
CATALOG It Boy 626 Lord Jeffery PZ. Amherst, N.H. 03031 - 

ry 

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 
NOW! a high quality CD Electronic 
Ignition System in kit form. 
Contains all components and solder to 
build complete Solid -State Electronic 
CD Ignition 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 only 12 volt neg. ground... Only $21.95 postpaid 

Star Corporation 
P.O. Box 1727 Grand Junction, Colorado 81501 

BUILD YOUR OWN 
rSYMPHONY 

OF SOUND! 
It's fun and easy-takes just min- 
utes a day! Complete kits for 
organs, pianos, strings, rhythms, 
amplifiers, synthesizers. Also 
factory assembled. 104 -page 
catalog $2.00 

. 

OWERSI 
Wersl Electronics, Inc. 

Dept. ZD, 1720 Hempstead Road 
Lancaster, 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 kills 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 

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. 

New Lambda Series from 
Speakerkit 
Featuring 1Her we Philip. and r{ 
ENxYro-Volq adya mitts earPPNr- mtw cromares dWg^. 
Outstanding quality at e aurpreoMgly 

wIlord901e 
price. Assemble it yourself. 

rite or claim's. 

Speakerkit, Bea I2PE, Menomonie, WI 54751 

MICROCOMPUTERS 

NEW! 1978 

MICROCOMPUTER 
CATALOG 

Grant. mlormahon-packed Catalog lists 
1.000's of mmdmicro computer products. 
plus books 8 periodicals for prolessronals 
beginners alike. 

NCE/Compumart 
Dept PED Box 8610 Ann Arbor, MI 48107 

MICROCOMPUTER OWNERS - Fascinating Programs in 
BASIC. Free information. Brunswick Computer Software, 8 
Teesdale St., Moncton, N.B., CANADA ELA 5K5. U.S. In- 
quiries. 

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 oz. -$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 $$$ 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. 

QUALITY BURGLAR -FIRE ALARM EQUIPMENT at discount 
prices. Free Catalog! Steffens, Box 624K, Cranford, N.J. GOVERNMENT SURPLUS 
07016. 

DON'T PURCHASE alarm equipment before getting our free 
value packed catalog. Sasco, 5619-C St. John, Kansas City, 
MO 64123. (816) 483-4612. 

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 559.30) - CARS-$33.50! - 200,000 ITEMS! - 
GOVERNMENT SURPLUS - Most COMPREHENSIVE DI- 
RECTORY AVAILABLE tells how, where to buy - YOUR 
AREA - $2.00 - MONEYBACK GUARANTEE - Govern- 
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, PRINTING, Rubber Stamps, Low Prices, Fast Service. Free 

strange catalog free! Autosuggestion. Box 24-ZD, Olympia, Catalog, Magestro's Printing, North Ave., New Brighton, PA. 

Washington 98507. 15066. 

GOV'T SURPLUS-buy direct from govt. 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/Z, 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 

i 

' RECOGNITION-FINANCIAL 
REWARD:-OR CREDIT 

FOR "INVENTING IT FIRST' MAY DE YOURS! 

If you have an idea for a new product, or a way' 
to make an old product better, contact usthe 
idea people" We'll develop your idea. introduce it to ' industry. negotiate for cash sale or royalty licensing. 

Write now without cost or obligation for free 

information. Fees are charged only for contracted 
Iservices. So send for your FREE "Inventor's Kit." It 

has important Marketing Information, a special 
"Invention Record Form" and a Directory of 1001 

a Corporal 

Name 

Address 

city 

Phone No. P 

ions Seeking New Products. 

RAYMOND LEE ORGANIZATION 
230 Park Avenue Nor th.New York,NY 10017 

At no Cost or obligation, please rush 

My FREE "Inventor's Kit No. A.112 " 

i 
state 

Area Lone 

Zip 

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 of 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, MI 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 516.00 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. 

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. 

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. 

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 

I MADE $40,000.00 Year by Mailordert Helped others make 
money! Free Proof. Torrey, Box 318 -NN, Ypsilanti, Michigan 
48197. 

FREE CATALOGS. Repair air conditioning, refrigeration. 
Tools, supplies, full instructions. Doofin, 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. 

PROFRABLE ONE-MAN 
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. 

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 table! 

Free brochure. American, Box 428-ZG, 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. 3LAD, 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. Allow 2 weeks. Projector 

Recorder Belt Co., 200 Clay St., Whitewater, WI 53190. 

SERVICEMEN - Cleaners, Lubricants, Adhesives for all 

electronic repairs. Write for FREE catalog. Projector -Recorder 

Belt Corp., Box 176, Whitewater, WI 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, 

MI 48185. 

ADDRESSES OF 73 MICROCOMPUTER MANUFACTUR- 

ERS. Send $2.00 to Tec-I, Box 2577, North Canton, Ohio 
44720. 

EMPLOYMENT OPPORTUNITIES 

ELECTRONICS/AVIONICS EMPLOYMENT OPPOR- 
TUNITIES. Report on jobs now open. Details FREE. Aviation 

Employment Information Service, Box 240E, Northport, New 

York 11768. 

$3.000 MONTHLY. Work for us easily! For your instructions 

and equipment, send $19 (refundable). KAS 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, 

Install, 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 amplifier 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. 

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, B. 62864. 

BOOKS AND MAGAZINES 

FREE book prophet Elijah 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 - 

spec. Ayoid 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 - 130 stamp, 
Freebooks Secret, Box 257 -PE, Cedarhurst, NY 11516. 

HYPNOTISM 

SLEEP learning. Hypnotic method. 92% effective. Details 

free. ASR Foundation, Box 23429EG, Fort Lauderdale, 
Florida 33307. 

FREE Hypnotism. Self -Hypnosis. Sleep Learning Catalog! 
Drawer H400, Ruidoso, New Mexico 88345. 

AMAZING self-hypnosis record releases fantastic mental 
power. Instant results! Free trial. Write: Forum (AA7), 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. 

MPG INCREASED! Bypass Pollution Devices easily. RE- 

VERSIBLY!! Free details - Posco GEE7, 453 W. 256, NYC 

10471. 
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® News Highlights in Brief 

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 15 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 he a bi-monthly publication on 
team management for team leaders. For youth mem- 
bers. there will he 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 11 I E. 
Wacker Drive. Chicago, IL 60601. 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 McIntosh, 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 
a 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! j 
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- Jf you mead significantly greater CB range, it's time to 
trade upto Super Scanner. It's the best omni- 

diredional base antenna you car buy: It's also the 
best 3 -element beam you can bay. SearCh with 
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° flicko=a sw tch. For openers, you get 5.75 dB gain 
in theomni mode. Then instantly, e ectronically, you 

reach cut with a tremendous 8.75 dB beam, 
becatese we rotate the signal, not the antenna. Super 

Scanne-. It's like increasing your power by 
more, than 7 times. Oily it's legal. 
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Choose from 
a variety of 
exciting new kits 
for summer 
kitbuilding fun. 
Nearly 400 kits in all 
to help you get the 
most from your 
electronic dollar! 
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largest selection 
of quality 
electronic kits. 
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Self -Instruction 
Courses 

In Electronics 

Unique Electronic 
Digital Scale 

Learn about the fascinating and rewarding 
hobby of electronic kitbuilding. Experience 
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 
finish. Large, clear illustrations and step- 
by-step instructions lead you to successful 
completion and the thrill of "turn -on". It's 
easy, it's fun, and it's personally satisfying. 

Send for your FREE catalog today! 
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Professional -Quality 
Auto Engine Analyzer 
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1 y Personal Computing Systems i . 

FREE CATALOG TODAY 

HEATH 

Schlumberger 
Heath Company, Dept. 010-430, Benton Harbor, Michigan 49022 
Please send me my FREE Heathkit Catalog. 
I am not on your mailing list. 

Name 
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City State 

CL -658 Zip 
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