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Take home

aworld
champion.

8 . gets you a technical knockout,
The Fluke 70 Series.

Winners of the digilal vs. analog hattle.

Since their debut, they ve become
the worldwide champions of the industry,

Never before have such tough, American-
made meters offered $o many professional
fealures at such unbeatable prices.

Each comes with a 3-year warranty, 2,000+
hour battery life, and instant autoranging.

You also gel the edfa resolution of a 3200-
count LCD display, plus a responsive analog
bar graph for quick visual checks of continuity,
peaking. nufling and Irends.

Choose from the Fluke 73, the ultimate in
simplicity. The feature-packed Fluke 75. Or the
deluxe Fluke 77, with its own protective holster
and unique “Touch Hold™ function®* that
captures and hotds readings, then beeps to
alert you.

So don't settle for just a contender. Take
home a world champion.

For your nearest distributor or a free
brochure, call toll-free anytime
1-800-227-3800, Ext. 229. From outside ihe
U5, call 1-402-496- 1350, Ext. 229,

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

[ELTRE] 7.3 MUATMETER

FLUKET3  FLUKE?S  FLUKET7

Aoy /ol drsptay_
olts, ofvres, 10A, (FOG% Yo, ofyrs, 10A, A,
e i lest

M WM'

07% b d€ amricy  Aurange/ e ol
I’UJLM.I& Mtbas:a
Em 2000+ hour bafery Wi
o it Y SUTMIY B 5]

J us. efectre July 1. 1984
gz*m a1 price,

panding.
FLUKE
Copynght @) 1084, John Fiuke Mig. €0, Inc. Al ights neservedt A Mo, 470470 ®
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digital applications. Plus a guaranteed time:

lwatsu’s Four Independent Channel Scope.
There's 30 years of oscilloscope design

and manufacturing experience behind the
§8-5710-11 Series. Experience that translates
to 27,000 hours MTBF. Four independent
channels with no trace shift. A 3 year
warranty. And that's just the teginning.

Add up our features and you'll see no
other scope measures up.

The list starts with easy to read controls
that make any lwatsu scope, a pleasure
to work with.

Then there's features like excellent linearity
for high-frequency measurement. A special
jitterless circuit, making it easier to trigger
signals. Independent A and B triggers for

difference between channels.

More reasons for chooslng Iwatsu.

s 20 kV 6" CRT with auto focus

* Maximum sweep speed of 2ns

* Separate intensity controls tor A & B sweep

» Wide operating temperature range from
= 10°C to 50°C

s 85-5711C includes an optional counterftimer

* 8857110 comes with DMM and counter/timer

* B0OMHz Model S8-5710 is cur 4-channel
scope...just $1,245 including probes, front cover
and pouch

s SS5.5710 is also available with optional
counter/timer as wetl as DMM

85-5711D

88-6710C

. 58-5710D

HERE'S A FACE
ANY ENGINEER COULD LOVE.

= 0 @L-
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§5-5711 4.independent Channel 100 MHz Scope including probes, pouch. and front cover. 51,895,

IWATSL] INSTHLIM

® 120 COMMERCE ROAD. CARLSTADT. NJ 07072 PHONE: (201) 935-5220. TWX: 710-983-025
CIRCLE 53 ON FREE INFORMATION CARD
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" RADIC-ELECTHONICS -

s

NEW!

uniden
Beancat

Products

Communications Eiectronics;
the world's largest distributor of radio
scanners. is pleased to announce
that Bearcat brand scanner radios
have been acquired by Uniden Corp-
oration of America. Because of this
acquisition, Communications Elec-
tronics will now carry the complete
line of Uniden Bearcat scanners, CB
radios and Uniden Bandit™ radar
detectors. To celebrate this acqui-
sitlon, we have special pricing on the
Uniden line of electronic products.

Bearcat? 300-E

List price 5549 95/CE price $339.00
7-Band, 50 Channal @ Sarvice Search s No-
cryeial atannar @ AM Alrcrati and Public
Service bande. 8 Priority Channei ® AC/DC
Bangs 32-50. 118-130 AM, T44-174,421-512 MMHZ
The Besrcal 300 is the moM advanced automatle

scanning radio that has ever been ofiered to the
pubdlic. The Bearcar 300 uses & brigt grean fluo-
rascent digital duplay, s0 ita wdesl for mobiie

appiications. The Searcal 300 now hats these added
features: Service Search, Display Intlnsity Control.
Hold Search and Fesume Search keys, Separale
Band keys to permit lock-IN/10Ck-0ut of any band lor
more efficlent seryvica search

Bearcat® 20/20-E

List price $445.895/CE price 5289.00
7:-Band, 40 Channei @ Cryaleliesa &
AM Ajrcrair and pubtic Sarvice bands ¢ AC/DC
Priovity Channe! & DirecrEhannel Acosas & Delay
Froquency rang® 32-50. 11130 AM, 104174, 420-412 MHz
Find an easy chalr. Tum on your Searcal 2(0/20
and yol'r8 in &n airplane cockpil Listaning to all
the al-to-greund conversations. Maybe you'll plck
up an exCiling search and rescus mission on the
Coast Guardchannel. Inatiash. you're back cnthe
@round listening as news crews repon 8 1ast
breaking story. Or nearing poilce and Hre calls in
Your own neighborhood. in plenty of lima 80 you
cantake Precaltions YOU CAnM even hear ham radio
transmission. business phone calls and Qoven-

archas

ment inlelligence agend.l Withou! leaving your
easy chalr. Because you've gol 8 Bearcet 20420
right baside i

The Ssarcat 20/20 momitors 40 treQuencles from
7 pands. Inciuding arcralt. A two-position switch,
located on Ihe front panel, allows monitoring of 20
chinnels o B time.

Bearcat® 210XL-E

Liat pricé $345.95/CE price 5209.00
B-Band, 18 Channal @ Cryataliese @ AC/DC
FrequancCy renge 32-50, N?f 74, 421-512 MH2
The Bsarcat 210XL scanning radko Is the second gener-
#tion SCAnfer that reviaces the popuiar Gearcar 210
and 211, I hak elmost twice 1he SCAnring capacity of
the Baarcat 210 with '8 channes Plus dusl scanning
spesds k0d a Pright green fluorescent dispiay. Autos
matic gearch finas new frequencwes Feafuras scan
daldy, Bingle shienne patentad track tunlng and more.

Bearcat® 260-E

List price $399.95/CE price $245.00
8-Band, 18 Channel ® Prigrity ® AC/DC
Fraquency range 30-50, 138-174, 4068-512 MHZ
Ke€D up with police and lise calis. ham radio operaiors
and other transmission while you'ra on the road with a
Bearcar 260 scanner. Designed wnth police snd lke
department OOOPeration, Hs unlQue. practical shape
and special two- position mounting bracke! makes bump
mount®d Or under dash Installation possibie in any
vehicie. The Searcar 260 15 30 ruggedly bt for mobl!

NEW! Bearcat® 201-E

List price $279.95/CE price 5179.00
D-Band, 16 Channal @ Crysislises e AC oniy
Priority @ Scan Delay @ Ons Kay Weasiher
Frequencyrange 30-50. 118-135 AM. 146 T4 420-512 LMz
The Semccal 201 pedorms any Canning function you
could POLsibly want. With pysh button ease YOu can
Drog up to 18 eh 18 1o automatc momtoring.
Push another button and search of new fréquencies.
Thera are no CHYBlals to limit what you want to hear.

NEW! Bearcat® 180-E

List price $249.95/CE price $149.00

8-Band. 18 Chanrel @ Peiarity « AC only
Froduancy rgng® 30-50, 138-174, 406-512 MKz
Police snd{lre calle Hamredo transmissions. Busin@ss
v Qovernment undercoy e operslions Youcan hear i
all on 4 Searcal 180 scanner radi, imagine the thrtl of
hearing s major rews gvent uniold even belorg the
ks OrgaNIzatione can reDorl K. And the securdy of
krowing what's happDening in your neghbor by
heanng police and fire calis i time Lo 18 ke Precautions.
There's nothing likg SCaNMENG 10 keeD you lfrthe- Know.
and no batter way o Q8! scanner radid Performance atd
valug price than with the Searcal 180

Bearcat® 100-E

Thae lirel no-cryatel frofremmabls nandheld acanner.
List price $449.95/CE price $§234.00/ SPECIAL!
8-Band. 18 Channel @ Liquid Cryers! Display
Senrch ¢ Limir ¢ Mold ® Lochout ¢ AC/DC
FréGquency fnge: 30-50, 138-174, 408-512 MHZ

The workSs firat no-crysisl handneid scanner has
compiessed inl0 4 37 x T x 1%" case more scanning
powef Ihan @ 100 Ad I Many base of mobile CANNArs
Tne Bearchr 100 RAS & Tul 18 Channets with freduency
covarage 1hal inclucdes 8l public sernce bands (t.ow.
High, UHF snd “T" bandsl. the 2-Meter and 70 cm.
Amateur bands, plus Militsry and Federal Governmani
frequencies 11 has chrome-pated keys lor funclions
that are user controlind. such a3 loChoul, manual and
automatic scan Even sesrch & provided, both manual
and sulomatic. Wiow. what & scannes

The Bearcal 100 produces audhd power putpu of 300
milliw atis. i trBCh-tuned and has seleclivity of better
than SC dB down and Sensitivity of 0.8 macrovolia on
VHF and 1.0 microvolts on UHF. Power conSumption is
wept matramely kv by using & 1/Gud crysel drsplay and
anCiusivl low power inl#grated clrcuits.

Includwd b our low CE price 158 sturdy carrping case,
earphon. battery charger/AC adapter. six AA nt-cad
batteries and llexibie antanna The Besccar 100 ia in
$10Ch tof Quick shibment. 80 order your scanner today.

Bearcat® DX1000-E

List price S649.95/CE price $489.00
Freguency rangool'o kHz 10 30 MHZ
The Besrcar OX1 BhOMtwiv® rache makes tuning In
London as sasvy a8 disiing B chore It lealures PLL
synihesizec aCCUrSlY, two Bme zone 24-hour digilal
Qudrtz cloth snd & buift-in limes 10 wake you Lo your
javorte shorbwave siation. It can be DrOgremmaed 1o
activite pericheral squipment ke a taps recorder 1o
reCord up to five i eren! broadc asts. Any freguency,
ANY MOC, wh.wé?vuareasleepourm )l recetve
AM, LSB, USB, and FM brosdcssts

Ther#'s never been Bn gasi8' way 10 hoar whal the
world has 1o say. With the Searcat DX1000 shortwave
reCelver, ¥ou now hive Owect pccess Lo tha world

Uniden® PC22-E

List price 5159.95/CE price $55.00

The Uruden PC22 s a 40 channe AM remota mobile OB
r8di0. IFs the answeriOrlodey's smaller Camwhich don't
always provide adequale space lor mounting. Since all
1he controls dre on Ehe MICrephone, you Can stash the
"guts® in the trunk The microphone has uoddown
channel seleciorn, digidal display. TR/RX Indicstor snd
aateroai speaher jach Dimensons S%” W 7w Dx
1%° H. 138 VDO, Dtetitnm of nEgative Ground

QUANTITY DISCOUNTS AVAILABLE

rdertwo scanners et the sama time and deduct
1%, forthree scannemns deduct 2%, four 3Canners
deduct 3%, five scanners deduct 4% and six or
more acanners purchased at the same time
earns you a 5% discaunt off our Super low
single unit price.

—

Extrancoms Signaly

IXXTET 'z

rr 5

E xtranuss Sygnals

ule tnat it meets milnary standard 810¢, curve y for
wvibiration rating. Incorporated in Hs rugSed. al matal
caselsaspecielly postiioned speakar delivenng Iwatts
of crisp. clesr pudio.

Both Bandar™ radar detectors feature £ DT =
Eleceromir [ota Mierference Tormmanor char edits-our
Jalse alarm ugmaly

CIRCLE 26 ON FREE INFORMATION CARD
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Uniden® PC33-E

List price §59.95/CE price $44.00

The Uniden PCI3 boasts @ aupar-compact case and
front-pane! mike connectar ta 11 combortably In today s
smalier cars Cantrois: Power & Yoluma, Squaikch:
Switchas' ANL Other jeatures of the PCA3R include
Gradusted LED “S"/RF Meter [hgital channa Indicator.
Oimensions. & Wx " 0x 1% H 138 vDC.

Uniden® PC55-E

List price $89.95/CE price $59.00

The tull teatured Unidan 5 front-pane! mike con-
neclor makes inslallathon easier when space 13 s factor.
It has ANL, PA-CB. Channel § and AF Gain switches.
LED“S"/AF meler, TX 18, PAL axlarnal speaker jscks
Dimensions B'Wx8 ' Dx1% H £138 VDC

Bandit” Radar Detectors

Now that evlryon® aise has taken their besat shot at
radar detection, ihe Uniden Bandit™ has dona them
one battes with E.0.1.T.7 the Electronks Data
Interference Terminator that actuslly edits-out
false ajarm signals.

The Bandit 55, teatures a convenient brightness/
dimmer control for comfortableday or nkght driving,
Plus a handy highway/City contrgl tOr maximum
framibility wherever you drive. The Bandit§5 Remote,
i 8 jwo-mece modular unil that lets you mount the
lang-rangs radar antenna behind the griil, out of
view The ulttra-compagt controd unit can then be
Inconsplcuously tucked under the daan or chpped
to the visor.Order Bandh 55-Efor$119.00 each or
the Bandit #5-E Remote lor 5138 00 each,

OTHER RADIOS AND ACCESSORIES

FB-E-E Freauency Direcrory for Esstern U.S.A $12.00
FB-W-E Frequancy Directory lor Westem US.A. .. 512,00
BC-WA-E Bearcat Wearhe: Alent”, $35.00
ABC-E Magnet mount mobsd anlénna .

ATG-E Base sia)ion sntanns .. $25.00

Add $3.00 g for all
Add $3.00 shipoing par BCanner anlenna
BUY WITH CONFIDENCE
To gat ihe tasteat delivary from CE 0f any
Produc! In this ad, send or phone your order
directly t0 our Scanner Distribution Center”
Michigan residents please add 4% sales tax or
supply your tax LD. number. Writlen purchase
orders are accepted from approved governe
ment agencies and most well ratec tirms at &
10% surcharge for net 10 billing. A/l sales are
subject to availability, accentance and vernifica
tion. Al sales on accessones are final. Prces,
ferms and specificatlens are subiect to change
without nofice. All prices are i1 U.S. doliars. Out
ol stock ftems will be placed on backorder
avtomatically unless CE is insiructed difter
ently. A 55.00 additional hasnding fee will be
charged lor all prdems with 8 merchandise fotal
under$50.00. Shipments are F.O.B. Ann Arbor,
Michigan. No COD's. Mosi products that we sell
have a manutfacturer's warranty. Free copies of
warrantles on these products are avallable
prior to purchase by writing to CE. Internationai
orders ar@ invited with a $20.00 surcharge lor
special handling i addition o shipping charges.
Non-cerified checks require bank Clesance.
Matl. orders to: Communications Electron-
ics, Box 1002, Ann Arbor, Michigan 48106
U5 A AdAST.00 per scanner, radar detectoror
CBor 512.00 per shortwave receiver for U.P.S.
grouvnd shipping and handling irthe continental
U.S.A For Canada. Puerto Rico. Hawail, Ataska,
ar APO/FPQ delivery, shipping charges ar
three times continental U.5. rates, If you have a
Visa or Master Card, you may call and place a
credit card order. Order tol-free in the U.S. Dial
800-521-4414. In Canada, arder toli-lree by
calling 800-221-3475. Wt Telex CE anytime,
dial 671-0155. It you are outside the L.S. orin
Michigan dia) 313-873-8888. Order today.
Scanner Duirbution Center” and CE logos sre frade-
marka of Communications Elecironca” Mtormaa E
t Baarcar ¥ 8 MO RIered trac  of Unwien C.

Copyright# 1984 Communications Electronics

OrderToll Free... call
1-800-521-4414

4l COMMUNICATIONS
ELECTRONICS™

Consumer Products Division

218 Phoania OO Boa 1002 O Ann arbot, Mhigan 48108 U.S A
Catl TOLL-FAEE 800-321-4414 or outexds LS & 212.97 3 s280

a1 the samelima.
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SEPTEMBER 84 Eiectronics

Vol. 55 Na. 9
sUILD THIS “51 SONIC MOTION DETECTOR VIDEO

No alarm system is complete without a 90 SERVICE CLINIC

motion sensor. David M. Benzel The most valuable test
63 COMPUTER-CONTROLLED-IC TESTER ST S Y

You can test digital IC’s by hand, but your 90 SERVICE QUESTIONS

computer can do it better! Floyd L. Qats Radio-Electronics’ Service

Editor solves readers’
TECHNOLOGY 12 VIDEQ NEWS problems.
Tomorrow’s news and technology in this
quickly changing industry. COMPUTERS

David Lachenbruch 71 INTERFACING THE ZX81

55 ELECTRONIC MEASUREMENTS IN MEDICINE Part 3, Your once-lowly
Here's a rundown on all of the "test ZX81 (or Timex Sinclair
instruments” that are used to monitor your 1000) computer can control
heart. Ray Fish, Ph.D, M.D. a secunity system and any

59 WHAT'S NEW IN BATTERIES AC device, and can even

How do you choose the right battery for act a5 a thermometer.

your project? Just how good are lithium NeiRUIREE
batteries? Find out the answers to those, Following  COMPUTER DIGEST
and other, questions. Robert Grossblat pige 82  How to use a non-
Commodore printer with a
CIRCUITS AND 46 NEW IDEAS Commodore computer. A
COMPONENTS ~ This pulsating doorbell will get your look at computer-aided
attention! PC‘board deSignp al'ld
much more!
67 SQUAREWAVE GENERATOR CIRCUITS
we'll show you many practical variations of 88 COMPUTER CORNER
the squarewave generator—one of the Yesterday’s personal
building blocks of modern electronics. computers. Les Spindle
Ray M. Marston
77 DESIGNING WITH LINEAR .IC’'S
Part 5. A look at the Ctarrent-(liifference E?;JCI)E?SENT
amplifier and the operationa : 1
transconductance amplifier, and how they gg :Ic‘lﬂ;{: if;f;‘rad;'g;‘lsM
are used. Joseph . Carr 43 Krista Model 308-240
80-DESIGNER'S NOTEBOOK Digilal Capacitance Meter
Designing with Schmitt triggers.
Roberl Grossblatt DEPARTMENTS
82 HOBBY CORNER 6 Advertising and Sales Offices
Modify your intercom to fit your needs. ”2 ?::A‘:z:!'sl'"g Index
P " [} 14
P e 115  Free Information Card
84 DRAWING BOARD 22  Letters
A look at the 4089 binary cate multipli 95 Market Center
Robert Grossblatt 48 New Products
86 STATE OF SOLID STATE 16 What's News

The COMFET—a new kind of FET.
Robert F. Scott
A5 3 sernce (0 readers, Rado-Electromes publishes availaby plansum‘by nafys mwnmmwg procucts, lechniques and scentific end deveiopments Becauss of possible

vanances in Ihe gualty and conditon of materials and workmansiegp mms any responstliy KF the sale and proper Junciioning of readerDuilt pojects based
upon of from flans of informuahon pubiished in this magazine.
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RADIC-ELECTRONICS
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COVER 1

The most effective (hard-to-defeat) burglar-alarm systems are those
that include some way to sense motion. While motion delectors are
usually expensive, they don’t have to be: We'll show you how to build
an inexpensive motion sensor for your alarm system. Not only will the
motion detector save you money, it may save your possessions, 100.

Don’t think that the motion detector is only for those with burglar
alarms. Even if you don‘t have an alarm system, you can use the
motion detector 10 create a hands-off light switch, an automatic door
opener, or simply a high-tech doorbell! The story begins on page 51.

NEXT MONTH

On Sale September 20

Satellite TV.
A look at components, systems, specifications, and
prices,

Stereo Demodulator for Satellite TV.
You have a TVRO withou! stereo? Build this and hear
what you’ve been missing.

Digital IC Tester.
In Part 2, we’'ll expand the IC tester to do more than
just test 1C’s.

And lots more!

POST“ASTER Piease send address I RADHO-
Radic-Electronics, (155N 0033.7862} Published monthly ELECTRONICS. Subscnption 25%” Bouldes, CO

Gemsback Publicabons. 200 Park Avenue South.
mu 100?3 McmststagePdda!Ne—w ; -
York and addfiona’ makng cifces Oné-year gubscng- slamped -addressed anvelope must (]
boo Mle: US A ang US, posseswions, 514 97, Canada. SUDMINBd MANUSCAPLS Ard 1O Ariwark of i!hn
517 97, Othwr countnes, §22 47 |cash Ofders only, Gpaymmn retumn i desired should Ihey be iected We dactam any
LL5.A. currency), Single COps $4 75 € 1084 by Gemabac msmnmb-hty for the boss of damage of ma.nuscnpu arcifor
Pubbcaiions IRE. All ighls resenved Printed in U.S.A artwork oF phatographs while in our
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Hugo Germsback {1884-1967) founder
M. Harvey Germback. editonin-chlef
Larry Steckler, CET, publishet
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semiconductor editor
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communlcations editor
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200 Park Ave. South

MNew York, NY 10003

Chalrman of the Board, M. Harvey
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President: Lammy Steckler

ADVERTISING SALES 212.777-6400
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Your West Coast Alternati;/e.'

FRIENDLY SERVICE — KNOWLEDGEABLE AND COURTEOUS SALES PEOPLE

HITAGHI

Hitachl Denshi.Ltd.

60MHz
TRIPLE TRACE

RIMITWBSOF List Pice $1195.00

$985

20 MHz
DUAL TRACE

(A @D
'29.6"100 MHz
P gua TRACE

1050F List Price $1595.00

$1279

40 MHz
DUAL TRAGE

NINITY422 L1 Prce S865.00 HITY222 List Prce $69500

$649 $545

P

2 PRECISION

DYy NASCAN

CORPORATION 40&
100 MHz 80MHz Y47
UAD TRACE UAD TRAGE “%

AIBKPISALE Lt Price $1595.00

$1349

60 MHz
TRIPLE TRACE

AL BRP1SBOP List Pnce $145G00

$1045

NIgRPISTOP List Prce$1395 00

$1145

40 MHz
DUAL TRACE

RIBKPIS4OP List Prce $950.00

$795

FLUKE] DIGITAL MULTIMETERS

from PRIORITY ONE ELECTRONICS
YOUR AUTHORIZED FLUKE
INDUSTRIAL DISTRIBUTOR

(&5 SERIES 70

3 o Auforonglng
: ,S-q' 3% Digit With Analog Bar Graph

& Full 3200 count msiead of the nommal 2000
* ULTAA-Fast 3nai0p Sdr Qraph
& Beeper inosd inthe 755 77
& True touch and hold on the 7T

S 1 & Pul B
Illulﬂ se Generators

Farl Nambar Lisl Pric

RIBKPIOTR

aun PRIGE
8189.95

| MHz Function Generator 522800

8060 SERIES

4'/z Digit .05%

* Troe RS

& dBm range (BO60 only)

RIFLUTY M ELUTS
T Yy 2

$85 $99 $129

NIANCD  Cusiom Haster (incluosd wFLUTT)
AIFLBCTY Sl \iriyl Case

RIFLUT?

LINTY <] 200 KHz Sweed'Function Generator  $281.00 8225.00
RIREFIDZD 2 MHz SweencFunchion with Puise  $394 00 $310.95
RIBKP30ZS § MH? Sweep/Function Gererator  S46E.00 $380.00
NIBKPIO30 5 MH2 SweeryFunct LivLag Sweep 367100 2 8549.00
AIBKP3300 5 MHz Puise w/Pulse Burst $380.00 8295.00
Frequency Counters: -

RIBEP1205 80 MHz Frequency Counter $290.00 3220.00
AlBAPIA? 175 MHz Frequency Caupter $450.00 8325.00
NISKPIASE 520 MHZ Frequency Counter $575.00 8450.00
NIEXPI R3S 1.2 GHz Frequency Counter $750.00 8598.00
G5C Lp-1 AS $50.00

s 0.00 LOGIC PRODE NEW LOW

: 50 nS Response time PRICE:

With Pulse and

Memory Mndasl . NESCLP

$19.95

& Relutvs rtlerence and conDaty lest
+ 01 to 200KH; HERECY 10t (ROE] oY)
& Condxianie range & One year wamanty'

N FLUSDEZA
4% Dga 05% DM

$279

115V AC alaotor; Batlery Eweraly 8 20.00
RIS 1A 10A Curent shunt £ 30.00
BIFLUCS i Campng case § 10.00

NFLUBDBOA
wyFrey and Contruaty Test

$349
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———

PRIORITY ONE ELECTRONICS
g Ave. Chatsag 3

7
Terms (Chach, WSA MasterCad or Money Order) Mwirmum Oroer 8 $15.00, GA res.omis 306 5YrM saies s
Prces vaid thiough September 30 1384 Pre- Pag Oriers — Shpping and nsurance (M States)

$0 10 5500 § 4%
T 4500 1o 1000 51900
[ $1000 and wp $15.00

Gredit Card Oeters Wil Be Charped Apprapriate Freght

ORDER TOLL FREE (800) 423-5922 - CA, AK HI CALL (818) 709-5111

CIRCLE 20 ON FREE INFORMATION CARD
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EDITORIAL

When Is A Change
Not A Change?

When you flip through the pages of this issue of
Radio-Electronics, you may notice something
different. No, its not a change in content. This issue
covers the broad gamut of consumer electronics in
the same dedicated fashion that you‘ve become
accustomed to. What you will notice is a change in
appearance. We've re-designed the “front-of-the-
book” and the “back-of-the-book” departmenits to
give them a brand-new "look.”

The last time you saw a change was in May 1984,
That issue contained the first copy of Computer
Digest, our magazine-within-a-magazine concept.
Let me take this opportunity to once again
reinforce the fact that Radio-Electronics will not
become another computer magazine. Even after
four issues of Computer Digest, |'m still receiving a
large number of letters pleading with us not to
change Radio-Electronics. We are dedicated to not
letting that happen.

As a magazine, our primary responsibilfty is to you,
our readers. We provide an information service. For
us to succeed, we must provide the information

ART KLEIMAN

that our audience wants-to read and we must
deliver it accurately, concCisely, and in an interesting
format. Although there’s always room for
improvement, we feel that we consistently meet
those goals. However, we're a technical publication,
and when we set that information down on a
magazine page, the page can sometimes appear
dull and lackluster. The information isn‘t dull, but
the page can sometimes appear to be dull. This is
especially true in our regular departments where
we lack the same kind of flexibility that we have in
our feature articles. Qur re-design is an attempt to
prevent dusllness.

The “new look” in our departments that begins in
this issue is a major step in that direction. We
recognize that there is always room for
improvement both in content and graphics. We
would like to hear from you, our readers, for your
reaction to our new ook and your suggestions for
further improvements. If you would take a moment
to jot them down and send them to me at Radio-
Electronics, 200 Park Ave. South, New York, NY
10003, I'Il take the time to read them.

777

ART KLEIMAN
EDITOR
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B will beat any advertised pPrice

BECKMAN Clrcmtmate" DMM

MODEL DMT3

*63%

® Smaleal degial mulimetes on e markel & Probe ¢
shyte design mgkes 2 cleal for takn messuremenis. in
FiarcHio- redct lest arcas

B&K PRECISION

100 MHz FREQUENCY COUNTER guR PRICE
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CAPACITANCE METER
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79% &, 3149
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BNC » C
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-y
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NLY NRI

modifylng programs to fit your busi-
ness or family computing needs.

Add High Performance
Peripheral Printer

Only NRI gives you a total sys-
tem training by including the flexible
Gemini 10X printer as part of your
hands-on learning. Working with it,
you'll get practical experience In
adding peripherals, leam mainten-
ance and servicing operations like
adjusting the printer head gap or
replacing the 100-milllon-character
head. You'll leam how to create com-
puter graphics, change type faces,
even Create your own characters.

COMPUTER * MONITOR »

DISC DRIVE = PRINTER = AND
SOFTWARE...

I’s all included with NRI at-home
training in Microcomputers and
Microprocessors. And enfy with
NRI tralning.

Electranics comes 10 fife on your
NRi Digcovery Lab®. You sel up
and modity peototype circulls,
demonstrale action ol
components. gain valuable bench
EXDErANCE in Consiruction,
giagnosis. and repair of circultry.

If you really want to learn
how to work on computers, you
have tolearn how to work on
compuler systems. Oniy NRI
includes a complete system with
your training. .. total trainkng that
gives you hands-on experience
with computers, peripherals, and
software. Trainlng that bullds the
knowledge, skill and confidence
you need to become a computer
professional.

Tour ki
Cas:

Get Inside the Famous TRS-80
Model 4 Computer

You'll work with one of the most
popular computers ever designed.
And explore it inside and out. You'll
learn programming techniques for
troubleshooting. You goinsideto
expandits RAM from 16Kto a
powerful 64K, You'll eveninstall a
doubledensity floppy disc drive.

You'll become familiar with
computer languages...BASIC, the
most popular microcomputer pro-
gramming language, and machine
language for diagnosis and repalr
work. You'll run software that
dermonstrates computer operatlon,
even learn to do your own program-
ming. You'll become proficient at

A5

Bla-1izn 18ssons build
kntywledge and
undemandr‘d slep by
step. Pleaty of photos,
illusirations and dagrams.
clear, aasy-to-follow fa .

WWWW.americanradiohistorv.comm

Prolessignal 3 digit mulfimeter
{ealures Iquid crysial display and
funchons, Action Audio
¢ talks you through
operation and professional use of
¥OUr meler.

And you’ll use It for hard copies of
important programs, busingss
records, and word processing.

Understanding You Buiid Only
Through Experience

You need no experience or
previous knowledge to succeed
with NRL. You start with the basics,
rapldly bulld on the fundamentals of

Built-in mannor desplrys up o 8D
CRArACIers i 1o modes Offess Ihe
fieability and capacty #or easy word w,
processing and Spread sheet

programs.

Mocel § Technlcal Aeder-
&nce Manval ennchas your
training whh information
like P¥ogramming
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GIVES YOU
SYSTEM TRAINING

glectronics with bite-size lessons to
master advanced concepts like
digltal logic, microprocessors, and
computer memories.

You'll relnforce this new under-

standing with hands-on, practical
demonstrations

and experiments that give you real-
world experience and build almost in-
tultive skills. You'll use the exclusive
NRI Discovery Lab®to see what
makes transistors tick, build and test
working electronic circuits that
duplicate key computer circultry,
construct digital logic circuits that

Your hants-on irainmg 1axes you
Ingicke your TRS-80 Mode 4
computer Io Instali integrated

21y, Circunts and snlarge memony 10
e B4K. Ful-functon keyboard
- Inchydes number pad and single-
Siroke data eniry.

0 9 dot mairix printer compizies
your COMPUter System 1o grve you
penpheral hardwars

More Dractical expenence
25 you Instafl dwl;le
damg‘ floppry diak drive
Each disk siores upta
180,000 characiers of
Information.

training with

demonstrate
computer perfor-
mance. And, you'll probe into the
very heart of your computer using
the Discovery Lab and professional
digltal multimeter Included in your
training program,

Do It at Home In Your Spare Time
NRI trains you in your own
home at your convenience. You learn
at your own pace, backed at all times

(TRS-30 183 trademark of the Racdio Shack division of Tandy Com.)
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instahation, apertion. and
maintenance. Prims grapucs.
sclentil symibls, and 1oregn
RBnguages in 10ur type sizes

by your own NR! instructor and the
entire NRI staff of educators and
engineers. They're always ready to
answer questions, give you guid-
ancae, follow your progress and help
you over the rough spots to keep you
moving toward your goal.

NRI-supphed yoltware includes
TREDGS® operating system

DOSPLUS® pperating systern, NBUG
machine language monfor, and Two
Game Nograms.

Free Catalog Tells Much More
.. .Send Today

See all the interactive training
equlpment you get in this state-of-
the-art course In today's technology.
Look over the lesson outllnes and
descriptions of the éxcliting experi
ments you'll perform. And look at
other high-tech career tields Ilke
Robatics, TV/Video/Audio Servicing
and Data Communications.

Mail the postage-paid card
today to see how NRI can give you
the skills and confidence you
need to start a good-paying career
as a microcomputer technliclan. If
the card has been used already,
please write.

NFF.....

McGraw-Hill Continuing
Education Center _
3939 Wisconsin Ave. E{E
Washington,DC20016  Kinll

WE'LL GIVE YOU TOMORROW.

¥BEL H3BWI L1435

-
-
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VYIDEO NEWS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

¢ First digital TV's. A dark
horse—Toshiba—appears to have WOl the race to
be first in the United States with a color-TV eet in
which all signal processing is digital. At least, it
had taken the lead at presstimae, estimating
deliveriea to start here around October 1. The set
will be assembled in Toshiba's U.8. plant, using a
20-inch “Flat Square Tube” (FST). The set has a
stereo amplifier and is designed to recelve the
new multi-channel TV sound transmissions. In
addition, it features “picture-in-picture,” which
permits a picture from an external video source
(VCR, computer, etc.) to be superimposed in the
corner of the main picture. A button on the
wireless remote control permits the viewer to
switch the main and subsidiary plctures. Another
remote-control button “freazes” the small picture.
It will sell for about $1.200.

A similar set from Matsushita went on the
market in Japan thig summer at about $1,000,
and is acheduled to appear here under the
Panasonic brand name next spring. The first
digital set to be marketed was the ITT Standard
Elektrik in Germany, which went on sale early
thie year. In other news, barring last-minute
glitches, Zenith is now expected to introduce ita
firat digital set in January 1985. Little is known
about the features of that receiver, except that it
will be a large-screen set (28 inches or larger)
and that it will contain some special features
possible only in digital sets.

General Electri¢, which once had planned to
introduce a digital set in 1984 using the ITT IC's,
has now backed away and says 1t ian't interested
in running a "horse race to see who can be first.”
GE says now that its R&D on the digital chassis
isn't finished. In Germany, ITT's Standard
Elektrik is now marketing digital sets, and
Panasonie¢ says it will introduce one in Japan this
year with a “picturs-in-picture” feature, probably
exporting it to the United States in 1985.

All digital sets announced so far are baged on
V18I IC's made by ITT in Germany.

¢ LCD color TV. Hars come the flat-screen
color sets. A finy 2-ingh set, which looks like a
transistor radio with a plcture, is scheduled for

marketing here under the Setko and Epson brand
names this fall at about $500. The set uses a
backlighted color liquld ¢rystal display of the
twisted nematio type with 52,800 pixels, sach
driven by a thin-film transistor. Either bright
sunlight or a fluorescent bullt-in backlight will
provide the set’s illurmination. It can be powered
by five “AA" colls. Beiko and Epson brands are
both owned by the maker of Seiko watches. Next
year, a larger color LCD sat i8 scheduled to be
introduced by another Japanese watch maker,
Citizen. This one has a larger screen—=2.7
inches—and i8 somewhat smaller in overall
dimensions. It will be priced at around $350. A
five-inch version is understood to be under
development by Sanyo.

¢ “Two-channel"” TV. In an unexpected twist,
the FCC has ruled that it's perfectly legal to
manufacture TV set8 with tuners designed to
receive only one or two of the standard television
channels. The ruling came in response t0 a
petition by Sanyo Manufacturing Company, which
makes TV sets in Forrest City, Ark. for Bears,
Sanyo, and others. Since the early 1960, it hag
been illegal to manufacture TV gets that can't
receive all allocated RF channels. That regulation
has been known as the “all-channel rule,”
and was designed to encourage the growth of
UHF.

Sanyo asked to be permitted to build sets that
could tune only to Channels 3 and 4 for
attachment to cable-TV systems, VCR's,
videogames, and home computers that feed their
RF signals through those channela. The
Commission ruled that such a two-channel set
was perfectly legal under the all-channe] rules so
long as it was “marketed without an antenna and
not intended to recelve over-the-air broadcast
signals.” S8anyo estimated, when it filed the
petition sarly in 1982, that a simple RF switch on
such a set in place of an all-chanmnel tuner could
save customers $30 to $40 per set. If such two-
channel sets are actually built, their principal use
is expected to be for connection to cable systems
that supply their own tuner boxes to convert all
incoming channels to Channel 3 or 4. R-B
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Now! Tl‘ﬁ; seain! ' SWITCH YOUR TV
- & TO SIX DIFFERENT
- F & PROGRAM SOURCES
; ¥ ELECTRONICALLY!

I NYEEN PNEY

e —t L ] wRITR

Model S10W 104" wide; 2.7° nigh; 7.28° deep

Now, with the Zenith Video Organizer
at your commangd. you switch your TV
electronically...from one function or
program source o another.. free of the
nuisance of changing cable connec-
tions by hand

You select any one of six ditterent pro-
gram sources for viewing, including
up to three different sources for record-
ing. You can even walch one prograrm
source while recording another.

L, Fact is, you can watch your favorite
football team in action while simulta-
neously recording another game. ..the
news...or some other program for
playback at another time. All this without
having to change cable connections
by hard!

: Thanks to the Zenith Video Organ-
N izer, you do all your TV switching elec-

d tronically — from one program source of
tunction to another with push-button
ease.

It's this crisp, electronic push-button

8 versatility of the Video Organizer -

8 achieved by typically Zenith advanced
engineering — that hrings the television
receiver closer 10 its promised service
as a combination home entertainment
and information center all-in-one.

If you're not yet in tune with the variety
of functions and program sources ad-
dressable with Zenith's Video Organizer,
check with your Zenith dealer soon.

There you will see that today there's
more 1o Zenith than meets the eyel
The broadest-ever line of Zenith video
accessories, for examplel

_i..'nnqmm‘ﬂf
- -

The Quaity Goes in Belore The Name Goes On®

Zenith Sales Company
Service, Parts & Accessories Division
Franklin Park, illinois 60131
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¢ 0.3% Accuracy

¢ Manual or
Autorange

= 10A + mA Range
¢ Beeper

* "Touch-Hold"
Function

77

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

+ Frequenty meaassusmenis 1o
200K Hz
+ dB mesaursmenty

+ Basic dC scCurecy D.4%; 10: ¥,
10 nA and 19 m() sansltivity

+ Relativa measuraments
+ Trua AMS
+ High-speed Bespar

&

4%z DIGIT
~  MULTIMETERS
534900
MODEL
80604

MODEL
1601

5209

* lsclated 0-50¥ DC. contlnuously
variable; 0-2A In four ranges

+ Fully automalic shutdown,
adjusiable curvant llmi

* Perfeci 1or aolld alats sarviting

* Funttions as three separste
aupplias

+ ExCluslive tracking clrcull
* Fixed output S¥DC. 5A
+ Two 0 1o 25¥0C cutpuls at 0.54

+ Fully automatic, currani-limited
overioad protection

FUNCTION GENERATORS
MODEL
3020

5319

189%  sweee runcriOn

= Sine, squars and triangis cutput — sweap gensratos functlon
* Variable end Hxed TTL outpuls E:mr.lor. pulse generaloy, tons:
* 0.1 Hz to 1MHz In aix ranges sl generator
* Push bution rangs and funclion * Cavars 0.02Hz-2MHz
aeleciion * 1000:1 tuning range

* Typical alna wave dislartion * Low-disiortion high-accuracy
under 0.5% from 1 Hz to 100kHz autpuils

33 29 ~ MODEL 1650

* Four instruments in ons pPackage

FLUKE

SERIES

MULTIMETERS

= Analog Display » Rota
DC = Resistance to = 32

Knob « Voits AC &
{1+ 10 Amps = Diode

Test » 3200 Counts = Fast Autoranging = Function

Annunciators in DisplaK »
Ife

» 2000 + Hour Battery

¢ 0.5% Accuracy

¢ Manual or
Autorange

¢ 10A + 300 mA
Range

¢ Beeper

-
PRECISH
> fS PRECISION INDUSTRIAL

. TRANSISTOR
TESTER
[ ) 4 ) |
LA ooen suppuES 519995
5208

& Now with HILO Drive

& Works in-clrcult when
others won't

& Identities all three tran-
sintor leads

& FRandom lead connection

& Audibly and visually in-
dicales GOOD tranalsior

Mode” » New Test Leads » VDE & UL Approval

=

Power-Up Self Test

wfl Power Down "Sleep

¢ 0.7% Accuracy
¢ Autorange Only
e 10 Amp Only

70 MHz Dual Time Base
SCOPE MODEL

b2

)

PRICE DOES MOT
IMCLUDE PROBES
* 1mVidlvision sensitivity 10 70
MHZ
* 500 u Vrdivision cascade
sensltlvity

* Four-input aperatlon provides
trigger view on 4 separate Inpuls

* Altarnate time basa operation

+ Switching power supDiy dalivers
best aitlciency and regulation at
loweat waight

= CAPACITANCE METERS

5199

& Automatically mea-
suras capacitance
trom {.1pF lo 200mF

& (.1pF resolution

& (0.2% basic
accuracy

& 3% diglt LCD display
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5159°

MODEL 820
& Resolves 1o 0.1pF

& 4 digil easy-to-read
LED display

® Fuse protected
againai charged
caphcliors

s Ovarrange Indication
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HI-PERFORMANCE
PORTABLE
OSCILLOSCOPES

BECKMAN'’S CIRCUITMATE °

ALL UNDER $100

AVAILABLE NOW. . ..

364 95

Circulimate DM 20—
3%-diglt. pockat-size
multimater; 0.8% Vdc
accuracy, diode tes!,
hFE 1esl, conduciance,
10 amps AC and DC
ranges, auio-polarnty
auto-zero, agto
decimal

579 95

Clreuitmate DM-25.—
3% digll, pocket-size
multimetar, 0.5% Vac
accuracy, dlode test,
capacitance, continulty
taoper, conductance,
10 amps AC and DC
ranges, auto-polarity,
auto-2ero, aulo.
decimal

569 95

Circuitmate OM-40 —
3%-digit multimeter;
0.8% Vdc accuracy,
diode {est, auto-
potarity, auio-zero
aulo—doclma]

389 95

Circuitmate OM 45 —
3%-digit multimetar;
0.5% Wdc accuracy,
diode tos!.comlnuité
beeper, 10 amps A
and ranges, auto-
2810, auto-polarity.
auto-decimal

V-1050

1,249%

V-1050F

100 MHz Quad Trace
widelay sweep

v.650F$939 -

60 MHz Dual Trace
widelay sweep

PRICE DOES NOT INCLUDE
PROBES. PROBES $50. A PAIR
WHMEN PURCHASED WITHM SCOPE.
315 SMIPPING WITHIN
CONTINENTAL US.

— R

The DM73 Is the smallast digltal
multimeter on the market. Its
Frobe-style design makss it ideal
or taklng meaaurements In hard-

to-reach test areas.

*Small Size
sComplete
Autoranging
*"“Touch Hold”
* Audible
continuity
checking

376 9%

The DM TT gives you
the convanlance of
autoranging plus 10
amps acidc

fessurémen!
capabliity. You simply
sglact the func!ﬁ:n
ou want, and the

OM 77 automatically
361s the requiréd
rangse.

TOLL FREE HOT LINE

800-223-0474

26 WEST 46th STREET. NEW YORK. N.Y. 10036
212-730-7030

THE TEST EQUIPMENT SPECIALISTil

ELECTRONIC

ADVANC
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WHAT'S NEWS

CED disc production
to continue

The RCA VideoDisc Division will
continue to market videodiscs ac-

tively after production of CED play-
ers is phased out by the end of
1984, reports RCA Group VP jack
Sauter. Disc-pressing operations

A device that helps TV viewers
operate their video players with
greater efficiency, ease, and con-
venience has been patented by
RCA. Called a caption generator, it
produces printed instructions on
the TV screen when operated with
a videodisc or tape player.

Some typical captions that the
device can write on the TV screen
are: “Please load the disc,” “End of
side, 1,” “End of side 2,” and band
numbers that help the viewer to
locate desired selections on the
disc. Discs are banded to permit
the player to access any segment,

/ RCA DEVICE generates TV captions for videodisc and tape players, gIFmg siewers
instructions on use;, prompting, and timing of the player.

Caption generator for video viewers

using the RCA random-access
player. For the first time, users
have the capability to program
their own selections.

Aunigue feature is that informa-
tion can be displayed even when
there is no disc or cassette in the
player. In the past, some players
produced on-screen displays, but
only when a disc or tape was play-
ing. When there was no disc or
tape in the player, there were no
SYNnc signals to operate an on-
screen display. The new caption
generator detects the absence of
sync and generates iis own.

PLEASE Loap prgc

——
e
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are planned to continue for three
years or as long as reasonable de-
mand continues, he said, quoting
“The extremely high level of con-
sumer satisfaction with Vid-
eoDisc” as motivation.

The decision to phase out
VideoDisc players was due to
“continuing financial losses and
narrow prospects that the busi-
nesswould turn profitable,” stated
Mr. Sauter, Citing "pressure of pric-
ing competition from other video
products.” From an introductory
retail price of $499, RCA's player
was forced down to $199 in less
than three years, he said.

It is expected that by the end of
the year there will be more than
700,000 CED players in use.

Optical digital disc
to improve education

‘Immensely sophisticated edu-
cational software” that would
open "hitherto unimagined vistas”
to educators, and "silence the crit-
ics of today’s limited-capability of-
ferings” are expected from the
tremendous storage capacity of
the erasable optical disc. That is
the substance of a 174-page report
by international Resource De-
velopment, a Norwalk, CT, market
research firm.

The report points out that "the
dubious quality” of many existing
educational programs is due, at
least partly, to the fact that soft-
ware quality depends on—among
other things—the amount of space
with which software developers
have to work, and that limited
space invariably means limited
software. The merits of the erasa-
ble disc will show up particularly
in sophisticated forms of comput-
er-aided instruction, such as sim-
ulation and model building, which
require large amounts of storage
to be effective. R-E
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Our new 4. digit DM

only acts expensive.

Now you can get 4% digit resolution plus an
unmatched combination of high performance features
for just $239.

Performance Power

The Beckman Industrial Corp. Model 4410 DMM
gives you precise readings with resolutions down to 10
microvolts and 10 nanoamps. The 4410 offers you
0.05% basic Vdc accuracy plus true RMS Vac
capability for accurate
readings of complex
waveforms. Add to this
RF shielding and high
input impedance, and
you have superior 4%
digit performance.
Easy to use

Build-in 10A ac/dc
capability eliminates
the need to carry an
external shunt. For
fast continuity tests,

s 03939

e,

“"--._-‘

the INSTA-OHMS?® continuity indicator works at the
speed of a glance. For even more convenience, the
single rotary switch makes function and range
selection simple and sure.

Buiit to last

Packed with overload protection, the 4410is
designed for retiable service. It wvathstands 1500 Vdc
or 1000 Vac on all voltage ranges as well as 6kV
transients. A rugged 2A/600V fuse protects current
ranges and resistance ranges against overloads up to
500 Vdc. For extra long life, the 4410 uses the
Beckman Industrial Corp. custom designed switch and
self-cleaning gold contacts.

With so much performance and reliability at your
convenience, you'd expect the Beckman Industrial
Corp. 4410 DMM to be expensive—not just $239.

For more information, see your local distributor
today. For the one nearest you, call or write:
Instrumentation Products Division, Beckman Industrial
Corp. a Subsidiary of Emerson Electric Company.

630 Puente St., Brea, CA 92621; (714) 773-8111.

Bockers=an [rndisctrizal L
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If you have
put off learning more
electronics for any of
these reasons,act now!

[ 1 /don’t have the time.

[1 High school was hard for me and electronics
sounds like it may be hard to learn.

L1 I can’t afford any more education.
[1 1 have a family now.

L1 ’m here. You’re there. I've never learned that
way before. I'm not sure it will work for me.

Read the opposite page and see how you can get started today!

WwWwWw americanradiohistorv comm
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Be honest with yourself. Are
the reasons really excuses?
You already know enough
about electronics to be inter-
ested in reading this maga-
zine. So why not learn more?
If you need encouragement,
read on and see how excuses
can be turned into results.

You don't have the time.

Be realistic. All you have in life
is a period of time. Use it. Try to
know more tomorrow than you do
today. That’s the proven way to
SUCCESS.

Electronics sounds like it
may be hard to learn.

You already know something
about electronics or you wouldn’t
be readin%_rthis. Now, build on that.
CIE Auto-Programmed® Lessons
help you learn. Topics are presented
in simple, logical sequence. All text
is clear and concise for quick, easy
understanding. You learn step by
step, at your own pace. No classes
to attend. Nobody pressures you.
You cart learn.

You can’t afford any more
education.

Actually, you can't afford NOT
to gain the skills that can put you
ahead of the others. It makes sense
to invest in yourself through
education— learning a skiﬁ. If you
are not able to pay full tuition now,
convenient monthly payments can
be arranged.

You have a family now.
All the more reason why you
have the responsibility to advance
ourself, For the sake of your family.
you want them to have what
ﬁu had or have morethan you had?
e choice is yours. Electronics is a
rewarding career choice. CIE can
help you to get started on that career.

You're there. We're here.
How does CIE help you learn?
First, we want you to succeed.
You may study at home, but you
are not alone. When you have a
question about a lesson, a postage
stamp gets you your answer fast.
You may find this even better than
having a classroom teacher. CIE
understands people need to learn at
their own pace, When CIE receives
your completed lesson before noon,
it will be graded and mailed back to
you the same day with appropriate
instlll'uctional help. Your sah;sfaction
with your progress comes by return
mail.%‘hat's how CIE helps you learn.

NOW, IF YOU AGREE CIE
TRAINING CAN WORK FOR
YOU, HOW ELSE CAN CIE
HELP YOU?

CIE is one of the largest inde-
pendent home study schools in the
world that specializes in electronics.
Although “big™ does not always
mean “best; it is evidence that CIE
is a strong, successful institution
with the people and resources to
help you succeed.

it

s

\-. ‘-u 8. \ -
| pop )l L=

Step-by-step learning includes
“h?;ldg-on’Pn'aining.

The kind of professional you
want to be needs more than theory.
That’s why some of our courses
include the Personal Training Labo-
ratory, which helps you put lesson
theory into actual practice. Other
courses train you to use tools of the
trade such as a I0MHz, solid-state,
triggered-sweep oscilloscope. Or a
Digital Learnil::‘g Laboratory to let
you apply the digital theory that’s

essential today for anyone who

wants to keep pace with electronics
in the eighties, Or a Microprocessor
Training Laberatory you learn to
program and interface with displays,
memories, switches, and more.

Your credentials can impress
employers.

One of the best credentials you
can have in electronics —or any
other career field—is a college
degree. That's why CIE gives you
the opportunity to earn an Associate
in Applied Science in Electronics
Engineering Technology. Any CIE
career course can offer you credit
toward the degree...more than half
the number needed in some cases.

You can also prepare for the

overnment-administered FCC

Federal Communications Commis-
sion) Radiotelephone License,
General Class. It canbea real mark in
your favor...government-certified
proof of your specific knowledge
and skills.

Find out more! Today. Now.

There’s a card with this ad. Fill
it in and return. If some other ambi-
tious person has already removed
it, use the coupon.

You'll get a copy of CIE’s free
school catalog, along with a
complete package of personal home
study information.

or your convenience, we'll try
to arrange for a CIE representative
to contact you to answer any ques-
tions you may have.

If you are serious about a
rewarding career, about learning
electronics or building on your
present skills, your best bet is to go
with the electronics specialists— CIE,
Mail the card or coupon today or
write CIE (crlease mention the
name and date of this magazine),
1776 East 17th Street, Cleveland,
Ohio 44114.

This could be the best decision
you've made all year.

Cl

RE-92

Cleveland Institute of Electronics, Inc.

1776 East 17th Street. Cleveland. Ohi 44114
Accredued Membir Nanonal Homae Study Council

YES...! want to learn from the specialists in electronics —CIE, Send me my FREE
CIE school catalog...including details aboul the Associate Degree program...
plus my FREE package of home study information.

MAIL TODAY'!

WwWww americanradiohistorv comm
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LETTERS

SAM—NOT SARA!

My thanks to the editorial de-
partment of Radio-Electronics for
their fine handling of my article,
“Hugo Gernsback: A Man with Vi-
sion +” in the August issue. Un-
fortunately, due to a glitch that
popped up when the final correc-
tions were made, an embarrassing
misprint appears twice on page
75: Sam Moskowitz is referred to
as Sara Moskowitz.

It was Sam—not Sara—who edi-
ted Hugo Gernsback's final sci-
ence-fiction magazine, Science-
Fiction 4, in 1953; and again,
Sam—not Sara—who edited Hugo

Gernsback's posthumous novel,
The Ultimate World.

Sam MoskowitZ is among the
most prominent historians of sci-
ence-fiction. He was a member of
the Science Fiction League, the
very first intérnational science-fic-
tion fan organization. The League-
was founded and sponsored by
Hugo Gernsback In Wonder Sto-
ries in 1934. Moskowitz was the
first to write a book about early
science-fiction fandom and has
written many other books dealing
with science-fiction and science-
fiction personalities, as well as edi-
ting innumerable anthologies. He

WRITE TO:

LETTERS
Radio-Electronics
200 Park Ave South
New York, NY 10003

has been a consistent champion of
Hugo Gernsback from the first.
ROBERT A. W. LOWNDES
Hoboken, Nf

PUBLISHER'S PROPAGANDA
The "Publisher’s Letter”, in your
April, 1984 issue is one of the great-

The new AWS DM-3010. It's not just another DMM.
It's a complete electrical /electronic testing system.

DM-3010 OIGITAL MULTIMETER

&9

SJA-870 JAW ADAPTOR

HFE-840 TEST ADAPTER

HVP-860 HIGH YOLT PROBE

oF |

Today's electrical and electronic
testing requirements eall for
equipment that can handle a wide

range of applications. That's why now
more than ever you need the new AWS

DM-3010 Testing System.

To start off with. the DM-3010 Digital

Multimeter has em unbelievable $80

Erice tag. It offers 34 ranges with Hush-
Y

utton control plus fectures usua

found in much more expensive models

such as: 10 Amp AC/DC range; UL1244

test leads; overload protection on

all ranges; Hi and Low power ohms in
all resistance ranges and more.

Complete the system by simply adding
the following accessories as you need
them...

SIA-870 Snap-Around Jaw Adaptor.
Reads 0-1200 Amps AC. Its large jaws
fit easily around any conductor up to
2-15/16" in diameter.

HFE-840 Test Adapter. If your work
requires transistor and diode testing.
this pocket-size adapter is a mus!.

HVP-860 High Voltage Probe. Provides

S50KVDC on low power high impedance
circuits.

CIRCLE 78 ON FREE SNFORMATION CARD
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safe, easy and reliable readings of 0-

So compare the DM-301) Testing
System for yourself. You'll find that no
other company offers a comparable
system at these low prices.

For more information on the AWS
DM -3010 Testing System, see your local
distributor today or contact A W. Sperry
Instruments Inc., P.O. Box 5300.
Smithtown. N.Y. 11787. Call Toll-Free
BOO-645-5398 (N.Y.. Hawaii. Alaska call
collect 516-231-7050).

AW. SPERRY
INSTRUMENTS INC.
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Vieet Our New LogicScope 136.

... A True Dual Trace 10 MHz
Digital Storage Scope. Only $495.

LogicBecope -

TIME B8ASE ANO BAMPLE ATE

True Dual Trace ¢ 10 MHz Real Time Bandwidth ¢ 3 Input Channels ¢ 1I/0 Port
Digital Waveform Storage ¢ Boolean Waveform Operations ¢ Audio Functions
8.25(L)x4.5(D)x 1.75 (H) Inches * 1.25 Pounds * 9 Volt Battery/AC Operation

Consider the LogicScope 136 Consider its Engineering & Field Service Applications:
8 The LogicScope 136 is the next logical step in test instru- @ On microprocessor-based systems, check the timing rela-
mentation for you. It combines many of the features and capa- tionship of vanous parameters relative to the system clock and
hilities of sophisticated logic analyzers and oscilloscopes - other key events. Its storage capability allows visual and logi-
and it fits in your hand. Never before has so much technology cal comparison of non-repetitive waveforms to known refer
been available in so small an instrument. at such a low pnice. ence signals. Qutput in the start-up of the digital device can be
@ The pocket-sized LogicScope 136 is made possible by a compared to reference signals to determine the operating state
patented breakthrough in display technology. The conven- of the device. Questionable waveforms can be stored for analysis.
tional cathode ray tube has been replaced by a unique array of | Its light weight and small size make the LogicScope conve-
400 LED’s that permits simuitaneous display of two digita) nient to take on every service call. The 136 provides much
waveforms. more information for trouble shooting a digital system or pe-
B The 136 can be used for viewing singte shot events, or ripheral thdn a logic probe or digital multimeter, without hav-
repetitive waveforms. It can be operated in real time mode, or ing to lug an oscilloscope or logic analyzer along.

in memory mode which permits acquisition and storage of up to sl

24 128-bit waveforms. These can be recalled, legically com- Contact us for the name of your local distributor

pared {AND, OR, EXCLUSIVE OR} to other stored/input

wavelorms, or output to an c:xternal device via an RS 232 port. POC(ET LECFNOLOGY. INC.

M lis very low cost, convenience and ease-of-use make the 7320 Parkay Drive, Hanover. MD 21076
LogicScope the ideal instrument, for designing, troubleshoot- e 79235%‘ SO g g AT

ing or repainng digital systems.
CIRCLE 32 ON FREE INFOGMATION CARD



www.americanradiohistory.com

PYEe vy

s rme s E— 1w

est pieces of propaganda of all
time. In it, you are trying to justify
the insertion of computer articles
in your magazine by indicating
that it is the result of “reader inter-
est,” and you further indicate that
we the readership, are going to re-
ceive a big bonus in Computer-
Digest.

As far as “reader interest” is con-
cerned, | suggest that it is more a
case of the usual chasing after the
“God Almighty Dollar” since there
are plenty of computer magazines

on the market for those nuts to
subscribe to.

As far as your “bonus” tear-out
section, you can tear mine out be-
fore my magazine is mailed. As a
service technician, | have abso-
lutely no use for it.

Your magazine is not the same
one that | subscribed to years ago
and now you tell me that it is get-
ting better! The only thing left of
interest in your magazine is the
advertising. With the advent of
ComputerDigest, you will no doubt

A QUALITY TRIPLE-REGULATED
POWER SUPPLY AT A LOW,

LOW PRICE!

NOT A
KIT!

This DC trigie regulated variabie powsr supply
has &l the (ontures you coult aak for plus  full 1
youl guarantes. Fully sdiusiabie rom 3% YDC to
38 VDCt Three compietely indebendent gubpOliss
ihat oMer many adventsest They CAR te oliher e
pos SUDDlY OF & neg Supply_ . They can also be
riagked i saries 5o that @ BY and two 15V aup-
pliss cen total @ 35 VDC supdly o any GOmbina-
tion of 1he 1hrea__{atter one of The terminals o
Grounded loQived e reiarancel . forineliral time
YOU Cant Aow PUrchase thie American made fully
adjusiabie power suPpty at & Price that s one-
hatt of what You'd expect to pay!

SPECIFICATIONS

MODEL PS101

FULLY ASSEMBLED & TESTED!

FULL 1
YEAR
REPLACE-
MENT
WARRANTY

~ Made In The United States -

3 outbuti

Flxed 8 VvDC * 0.2V

2 verlabrie 1% Vi 2156 VDG

Polanty = Aioating, can be used e8 pOs OF NEYQ.
Rippie eks than 10mY a? full lad,
Raguletin < 1% no load to full Ioad.
Line Regulalion <0.2% 108 vAC 10 135 VAC.
Currant:

Fixed sudPly £.0 mp max.

Venable supphes 0.5 4mp max.

Protection bullt in, current limiting, with
1hermal shutdown

Power: 108-138 vaC

Dimansions 8% 4 IN" 1 7% (WaHD}

Wood GrMn Nniahed metal case.

Waight: 4 Ibs. D oza

Lignted on/ot Dceer wiich, sasy-1o-reed
Voltmater and lurge bindift posls.,

Warranty. one year full replacemant
wicranly from date of purchase.

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

=l

E.W ENGINEERING, INC.

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED!
6 Herman Drive, E. Granby, CT 06026 O 203/651-0285

CIRCLE 8% ON FREE INFORMATION CARD
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attract computer advertising (its
primary object} and ruin my last
remaining interest.

FRANK R. ANTAL

West Springfield, MA

You are right and | believe you
are wrong.

Certainly, we intend to sell ad-
verlising in the ComputerDigest
section currénlly enclosed in
Radio-Electronics magazine, but
this section is truly a bonus to the
Radio-Electronics reader who does
wan! o know something about
computers. It is an added edlttorial
section. You will note that the
pages are numbered separately
and do not inflate the number of
pages in each issue of Radio-Elec-
tronics.

If we are successful with Com-
puterDigest, and that means if we
sell enough advertising and the
section continues to grow, it will
then be removed from Radio-Elec-
tronics and become a magazine of
its own,

Either way, Radio-Electronics will
continue to carry the same type of
editorial coverage it currently
provides.

Certainly, Radio-Electronics has
changed, but the entire elec-
tronics industry has also changed
and we have simply kept up with it.
To graphically illustrate this point,
f am enclosing a reprint of the first
publication we ever produced.
Volume 1, Number 1 of Modern
Electrics in 1908. I am sure you will
agree that electronics has changed
substantially since that time and it
is the duty of a publication cover-
ing a field to keep track of those
changes and follow them for its
readers.

i am surprised to learn, al-
though our advertisers will be
happy, that the only thing left of
interest in Radio-Electronics is the
advertising. | would have thought
that a person such as yourself, a
practicing service technician,
would be greatly interested in the
things that are happening in our
industry and those include proj-
ection TV, satellite TV, stereo TV,
the compact audio disc, telephone
technology, and of course, the
computer.

My final point: Including Com-
puterDiges! in Radio-Electronics
does not change the rest of the
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PF-1 PLUS
earn Computing!

anke a Course from Micro-Professor!

wu've seen it all. Fancy software,
weerful hardware, and ironclad
arantees.

Total Learning Tool

It you haven't seen a computer
at offered you a comprehensive
troduction to both hardware and
fiware. One that gives you hands-
1 training In troubleshooting.
irning chips, and developing
plications while giving you a solid
ounding in programming.

ersatility and
onvenience

ultitech proudly presents the unique
icro-Professor MPF-IP—the most
rsatile Z-80*-based educational
mputer for its price on the market
day.

.S. DISTRIBUTOR LIST

ARNING LABS. INC.
). Box 122

thoun. GA 30701

W} 628-1521

CHNICAL LABORATORY SYSTEMS. INC.
Box 218609
iston. TX 77218
3) 483-76852

For only $199.95, you get a state-of-
the-art CPU, display, and full ASCII
keyboard—in a casing that easily fits
on your bookshelf. And to make sure
you use your Micro-Professor ta

its fullest, each unit comes with
impressive documentation, leading
you step by step through the world,
of microprocessors.

LA B. CORPORATION
4416 Rivar Road

Aftan. MN 55001

[612) 4361169

ETRONIX

3928 1481h N.E.
Redmond. WA 98052
{206) 881-0857

WwWwWw americanradiohistorv comm

Muititech

A Wealth of Options

But that's only the beginning. Now
you can buy miniature options that
fit snugly 10 your unit: a printer, an
EPROM programming board, and a
speech synthesizer, to name a few.
Add to that standard assembly
language programming, plus op-
tional BASIC and FORTH chips,
and you've got a total learning tool.

Learning Can Be Fun

And with the Micro-Professor,

learning can be an adventure. Design
an electronic clock. Or a burglar
alarm. Or anything else that suits your
fancy.

So don't just program. Discover what
a computer really can do for you!

*2-80 is a trademark of Zilog tnc.

MULTITECH ELECTRONICS [NC.

195 \Wes! El Camino Real Sunnyvale. CA

94087 L1.S A.

TLX. 176004 MAC SUVL FAX: (408} 749-8032
Tel: (408) 7738400

OTHER LS. STATES {800} 538-1542

CIACLE 7 ON FREE INFORMATION CARD
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magazine, in any way nor does it
take any editorial space away from
those readers who are not inter-
ested in computers. You can prove
this point to yourself very simply.
Tear out the ComputerDigest
section and throw it away. If you do
that, what you have left is exactly
the same issue of Radjo-Electronics
that you have been receiving these
past several years,

My thanks for taking the time to
express your views and for giving
me the opportunity to present our

reasons for taking the direction we
have with ComputerDigest.

LARRY STECKLER,

Publisher

PLEASED READER

Although | have been familiar
with Gernsback Publications for at
least forty years, | have not been a
regular reader of Radio-Electronics
during the past fifteen years or so.
Apparently this has been a serious
oversight on my part. | shall try to
correct this in the future by sub-

The new Model 1301 Triple Power Supply from Global

Now Specialtles |s deslgned to meet your DC voltage
, requirements for product development, testing, qualitr

cations. This iy regulated power

a 5 cos source §s especlally useful for analog
and digital circuit design and offers a

S flxed 5 VDC, 1.0 A output which I8 ideal

wa tO l for TTL applications. In additlon, the
Model 1301 offers two continuously

The three volta?e supplies are completely isolated and

outputs are available through six front panel, colorcoded

binding posts. A separate binding post is connected to the

Each of the two continuously variable

Omr outputs has a separate voitage adjust

° control. Two front panel

re ulrement meters provide for the mon-
q and current irom 0-1 A, Cur-

rent limiting protects against

short clrcuiting and outputs may be

000 Ilew interconnected to increase voltage range
The Model 1301 Is a versatile

0 general purpose power supply which
provides precision parformance in

P enginaerln? laboratory applications,
schools, testing and servicing, and production lines.

rlp e Because of its low price — under $250.00 — the 1301
construction and a durable metat case permit the 1301

to withstand the wear and tear of regular use and
provide many years of trouble-free service.

control, servicin:; Iand education appl

u

you variable £5to £ 18 VDC, 0.5 A supplles.
chassis and ground.

toring of voltage from 0-20 V

without short circuit damage.
P is also excellent for use by hobbyists. Rugged
See the new Model 1301 Triple Power Supply at

your electronics distributor, or, for the name of
your tocal distributor, call our toll-free customer

servica number: 1-800-243-6077.

GLOBAL SPECLALTIES An interplex Electromes Comparry

70 Fulion Tarr, Mew Haven, CT 06500- 1819 [203) 824-3103, TWX 710-85-1227
OTHER OFFICES: San Franciico (415 848.0811, TWX 910-972. 7982

Eurcpe Phone Sattron.walden 0 1682, TLL 81477

Canada: Lan Finklas Ltd., Downsview. Ontario
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mitting my subscription right now.

Somewhat by accident, | pur-
chased a copy of the April, 1984
issue and was extremely pleased
with what | found. To begin with, |
was pleased to find that you were
not sacrificing everything else to
become a computer magazine.
The balance of first-rate technical
articles was most gratifying. More
important, however, | found
something that has got to be evi-
dence of an editorial policy that |
am pleased to see (and support).

What pleased me most in the
April issue were the three articles
in which reference to electric cur-
rent direction was made in terms
of the direction convention ac-
cepted, recommended, and advo-
cated by professionals in physics, -
engineering, and electronics sci-
ence. Joseph Carr’s article, “De-
signing with Linear 1C’S,” de-
scribed the differential amplifier
in correct engineering terms in-
stead of the fouled-up electron
convention that many vocational
electronics instructors prefer. Doc
Savage {“Hobby Corner”) ex-
plicitly referred to "conventional
current” in his fine tutorial on tran-
sistor testing, and Bob S5cott’s
(“State of Solid State”) article on
true RMS converters showed the
analysis in conventional current
terms, just the way that the man-
ufacturer’s application literature
would.

This pleases me very much. |
hope it will have the effect of wak-
ing up some of the "Rip Van
Winkles” that still refuse to accept
the science and industry standard
definition for electric current.

Good going. Keep it up!
LUCIUS B. DAY, JR.

Lakewood, CO

3-D1V

| thoroughiy enjoyed your arti-
cle on 3-D television in the May,
1984 issue of Radio-Electronics.
However, | would like to comment
on inCreasing the field rate for the
StereoDimensional system to re-
duce flicker.

The article states, “Changing the
number of fields per second does
not affect such signal factors as
bandwidth. Thus, altered signals
could be broadcast over the air,
used in a closed-cfrcuit system, or

continued on page 79
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Heathkit instruments. Some buy
them for pride...some, 10 save money.

Professional spees for serious uscrs

Whether you're pursuing a proud hobby. orearning (i 1G-4244 Scope Calibrator. <1ns [ IM-2264 DMM. True RMS read-
a living, don't trust the accuracy of your measure-  rise time. 0.015% loterance. ings. Analog metering. 100.

ments to anything less than Heathkit instruments.  [] 10-4205 Dual-Trace 5 MH2 Scape. (3] IM-2420 Frequency Counter. 5Hz
. 5 : Suat 10mV/cm sensitivity. o 512 MHz. Ovenized osciliator.

Qur klts“are a little bigger, more rugged than “dis- |1T-2232 Componem Tracer. Includes period and frequency

posable” instruments that discourage sell-Servic-  ¢hecks circuits wilhout power. modes.

ing. Performance is superior, too. Just check the : (9 IM-2215 Hand-held DMM. Five

; ; | IP-2718 Power Supply. Fixed ar ; 2

specs on our new 10-4360 Scope and I0A-4200  agjustable supply. 510 20 VDC. g‘;d’;"giﬁ-cﬁcn‘;'“*'- =0.25% of

Time-Voltage Module. IG-1271 Funclion Generator. "_2250 N

Get to know our full line of instruments. They're g'{‘f"z’tg“";:ﬁz"“"g"’ wavelorms. . c1,'199.9 mF Auto ranging.

bulilt by experienced hands. Your hands. So they'll S i My 10-4360 Scope and I0A-3200

save money and help you do a better job. Heathkit o L350 Time/Voltage Module. Triple trace,

. 1o 1 sec widih pulses, 60
+ MHz. <7 ns rise time. I0A-4200
instruimenls. Don’t trust your pride or money to iT-5230 CAT Tester. Tes1s, conirols CRT cursor and muiti-
anything less. cleans. restores CRT's, function display.

R IQTE

measurement

for your "______F—;EE"“-——-——-.
money [

COLOR HEATHKIT CATALOG
Mail this coupon ta:

Heath Company, t. 020-214
Benton Harbor, M) 49022

Address

Heathkit

A subsidiary of Zenith Eiectronies Corporation  COMPany

City _ e

Siate . Zip

Lx-393

—— — —— — ——— ————— — — g o sl

P v S S M S ——— S ——
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Professional Books That Help You Get Ahead-And Stay Ahead!

“*% Electronics and Control Engineers’
Book Club®s...

m Keep up with current technology

a Sharpen your professional skills

a Be ready for new career opportunities
a Boost your earning power

THE MCGRAW-HILL COMPUTER
HANDBOOI: APPIIcations. Con-
cepts. Hardware. Software. fo-
ited by H. Heims. 992 pp.. 475 ius.
Everything you need o know about to-
day's computer science and engineer-
INg 15 here in this massive treasure trove
of information. Cavers evetything trom
Boolean aigebra to hardware selection
techniques to artificial intelligence. A
handy reference work that brings you
right up to the minute!

21N Pub Pr, 37950  Chub Pr. 349,95

INTUITIVE IC ELECTRONICS: A
Sophlisticated Primer for En-
Ineers and Techniclans. By
M. Fredenksen, 208 pp., Hlus
Coverling both the Simptest and the
most complicated IC deugns, this
lively, easy-to-read volume provides
a sophistic ated, nonmathematical
explanation of the basic internal
mechanidms common to all semi-
conductor devices.
DL Pub Pr. 52495  Clud Pr, 51495

ANTENNA ENGINEERING HAND-
BOOK, 2/, Edrtag by R. C. Johnson
and H. Jasik, with contobutions by 57
recogruted authosities. 1,408 pp., 946
#us. This widely acclamed Handbook
gives you the gusdance you need Lo solve
probiems in antenna design and appti-
cation, tt provides detailed information
on physical lundamentals, patterns,
structures, and design Iechnaques for
practical modern antennas.

22910 Peb. Pr. 39500 Club P 36258

RADIO HANDROON, 22/0. 8y W, Orr.
1.136 pp., more than 1,306 ulus.
Here's the latest edition of what 13 uni-
wersally regarded a5 the most useful ref-
erence in the Ndustry [t'S 8 “'course”
in Commumications, a tact-pached rel-
erence, and a how-to gude—a In a
single book!

S87442-6 Pub Pr. 33995 Club Pr, $3395

MICROPROCESSOR APPLICATIONS
MANDBDOK. £ditor-in Chief, D, F.
Stout. 472pp., 284 Hlus. Atlast—a
reterence guide to microprocessor
applications to h#lp you make your
systems tLim#ly, versatile, and
cost-effective.

RITS Pub Pr. 339.95  Club Pr. $31.45

MICROPROCESSOR ANO MICRO-
COMPUTER DATA DIGEST. By W. H.
Buchsbaum and G. Weissenberg, 336
., 93 block cilgrams. 106 pan con-
fhigurations. |t you wirh mith electronic
devices thal use MICIOPIOCESS0F OF Mi-
crotompuler megrated circuits, this
much-needed boak contains all the de-
tailed technlca dala tor ewery micro-
processos IC thal is Currently listed as
a "standard,” offthe-shelf itemn.
SIM35-9 Pub Pr, $2995 b Pr, $2250

VLSI SYSTEM DESIGN: When and
How to Design Very-Large-Scale
Integrated Clrcults. By 5. Muroga.
496 pp., dius., includes seil-lest prob-
Jems. This book provides a strisght-for-
ward expianation of how to design 1he
Integrated circuit chips that are Causing
this electromcs revolution. It fotuses
on every Significant aspect of LSIVLS!
system design.

5624235 Pub Pr.$34.95 Club Pr. $28.50

New members!
Any one of these great

professional
books

foronly ...

S 89

as a premium with your

st selection!

HANDBOOK OF PRACTICAL ELEC-
TRICAL DESIGN. By J. £ McPartland.
416 pp., 300 itiys. This volume pro-
vide3 a step-by-Step explanation of de-
signing electnical systems for indus-
trial, commescial, and residential
ar-'lfcnms. Packed with helpful tips
for saving Lime and cOMghyng with code
requirements trom branch cwcuils 1o
WININE 5128,

456951 Pub Pr 339350 Ciuh Pr, $27.50

DIGITAL LOGIC OESIGN, By B. Holds-
worth. 338 pp.. 192 rhius. All ol the
rec el advances i dygita design tech-
niques ate presented here indepth_ It's
both & text covering bask Concepts and
a practical guite to design techniQues
for combenatonal, clock-driven, and
event-derven circuits.

5020529 Pub Pr. 33998 Ciun Pr, $2750

ELECTRONIC COMMUNICATIONS
SYSTEMS. By W. 0. Stanley. 566 pp.,
iflus. Emphasizing the Signal-process-
ng functions of modulation and de-
modulatlon operation, this book pre-
sents the essentials of electronic
communications in a logical, step-by-
step sequence

502034-0 Pub. Pr. $2595 Club Pr, 52095

Spectacularvalues upto $95.00

MODERN ELECTRONIC CIRCUITS
REFERENCE MANUAL. By 1. Markus.
1,264 pp., 3,666 Circuit diagrams.
Compiete with vaiues of components and
suggestions for revisiong—plus the
onginal source of each circuit in case
you want additionsl petormance or
constructon details.

AU PR P 31495 G P 3578

ELECTRONICS ENGINEERS' HAND-
BOOK, 2/e. Edited by D. G. Fik & D.
Christiansen. 2.272 pp., 2,189 Jius.
This updated and eniarged editson cov-
#rs all the |atest knowledge in the fweld,
including new advances in integrated
CWCUiLS. pulsed and 10RIC CarCLits., laser
technoicgy. teleCommunications, and
much more

090812 Pub P, 37930 Clob Pr, 357.50

DIGITAL CIRCUITS ANO MICRO-
PROCESSORS. By H. Taub. 608 pp..
heavily iflus. This fast-pacgd, care-
fully written guide gives you thor-
ough explanatiens of aif the basic
rinciples of digital systems and
ogic design - plus a solid intreduc-
tion to microprocessors and micrg-
processor-based designs.
629455 Pub. Pr, 43495 Club Pr, $26.50

WWWW americanradiohistorv comm

INTEGRATED CIRCUITS APPLICA-
TIONS HANDBOOK. A, H. Seid-
man. 673 pp., illus. This Handbook
13 informalan an everything from

. ECL, MOS, and CMOS 1ogic fam-
ilies to semiconductor and bubble
memones. The emphasis is on aD'Ph-
CBUNONS. with & rururmum of theory. The
malh uved 13 essentialty iwmted to Sum-
ple arithmelsc and elementary algebra,
L02860-% Pub Pr. 53995 Ciub Pr, 32995

INTRODUCTIDN TO RADAR 5Y5-
TEMS, 2/e. By M. |. Skolnik. 698
pp., 244 iflus. This new edition of 2
widely used text on radar from the
systems engineer's pont of view
brings you full discusswons of the
many mapr changes that have of-
curred in the field recently.

579091 Pub Pr. J4095 Cheb Pr. 53100

CIRCUITS AND SOFTWARE FOR
ELECTRONICS ENGINEERS. 8y H.
Bierman, 352 pp., 200 illus., oulsized
8% x 11 format. This collection of over
340 proven—reliable circuits, com-
puler programs, test methods. and de-
Sign toots have been selected becayse
of the ingemous ways they adapt de-
vices 1o other uses.

B51433  Pub Pr, 33500 Cled Pr, $27.95

HANOBOOK OF ELECTRIC POWER
CALCUL ATIONS. £dited by A, Seid-
man, H. Mahrous and T. G. Hicks, 448
pp.. 300 4ius. Here are 2BS tested and
proven protedures for handling the
electric power problems most fre-
quently encountered in actual practice.
You'll fand ingemious, Lime-Saving wa!
to calculate fuel costs, motar f-
ciency, and power output.

560817  Pub. Pro 33950 Ciwb P, 57995

STANDARO HANOBOOK FOR
ELECTRICAL ENGINEERS, 11/2. By
D. G. Fink and H. Beaty. 2,448 pp.,
1,414 iitus, Today's most widely
used source of electrical engineer-
ing information and data serves
you as no other Single work when
you need detailed, timely. and reli-
able facts .

203741 Pub Pr. $74.95 Ciuh Pr, $33.95
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ELECTRONICS ENGINEERING FOR
PROFESSIONAL ENGINEERS' EX-
AMINATIONS. By C. R. Hafer. 336
pp ., more than 200 iifus_ Actually
i wo books in one—a quick prepara-
tian mapuai to help you pass your
P.E. exams on the first try and a
rich source of practical electronics
engineering information and
know-how.

2547303 Pub Pr. 329593 Club Pr. $2150

PRACTICAL OIGITAL OESIGN US§-
ING ICS. 2/e. By ). D. Greentield. 717
por.. Mus. This revised and expanded
Second Edition of a popular guide shows
how ta get the most gut of a wide range
of popular integrated cwcuits. What's
mare, IL contans the speciatized hnow-
how today’s designet needs to intertace
ICs with MICTOMHOCesSoNs.

587853-1 Pub Pr. 42595 Ciut Pr, $19.95

OPTICAL FIBER SYSTEMS- Tech-
noloﬂz. Design, and Applica-
tions. By C. K. Kac. 197 pp., #ilus.
From a baslc explanation of opticai
fiter systems to the economic
ramifications of thelr use. this vol-
ume provides full coverage of a
rapidly changing fheld.

BUNIE Pub Pr, $29.50 Ciud Pr. 32395

WMCGRAW-HILL ENCYCLOPEDIA OF
ELECTRONICS ANO COMPUTERS
By S. P Parker, Editor-in-Chief. 960 pp.,
1,266 5., outsized BY%2 x 11 format,
It's 3 Single-volume lib¢ary thal covers
the entire world of electronics from Edi-
son's pioneerng werk i eleciricity nght
up lo oplical fiber communicaiions,
conlml systems. lasers, radar, TV re-
celvers, srtiflicial inteligence. and
computer starage technology.

454816 Pub Pr, $59.50 Club P, 34150

con‘[plltel'
et

hods for

DIGITAL CONTROL SYSTEM ANAL:
¥YSI5 ANO DESIGN. By C. L. Phiflips
and H. T. Nagle. Jr, both Auburn Uni-
versity. 556 pp., 316 dlus. T ready-to-
run CoMmputer programs. 1t analyzes and
destgns closed-loop Systems to which
digital computers have been added o
madify system dynamics. The book de-
velops & wide range of control-system
techriques applicable to inear, time-
Ivariani, discretz-tame sysiem modets,

SI284-4 ML P, 51995 O Py 53195

HANOBOOK OF MICROCOMPU-
TER-BASEOD INSTRUMENTATION
AND CONTROLS. 8y ). D. Lenk. 307
pp.. 227 us. Digital or microcompu-
ter-based instrumentation and control
sysiems can be very complicated—or
reldtively sumpie—depending on the
APPIcalon. In this book both Systems
are Jescribed and ibustrated — and many
exampies of actual sysiems now in use
N Industry ace included throughout.

SIZAE6-D Pwh v, 12295 Clud Pr. 33085

COMPUTER WMETHOOS FOR CIR-
CUIT AMALYSIS ANO DESIGN. By J.
Vlach and K. Singhal. 656 pp,, 148 it
fus. Computational methods have be-
come 80 integral part ol circuit andlys:s
and destgn. And & solid understanding
of the basics of computer-aided design

—ds. 2 must for enginesrs who want 1o
achieve ther Career bbecives. This self-
teaching book Dfowides that know- how
in & [ORical, easy-to-foliow presenta-
tion.

S82055-3 Pub Pr, 34254 Ciub Pr, 43395

W,/
N
Hill”

Be sure to
consider these
important
titles as well!

LaRCE SCALE INTECEATION: De-
wioes, Chrcults. and SYStemt By,
J. Howes & 0. ¥,

2514 Pab PR, 51590  Ced Py, 1085

MICROWAYE SEMICONDUCTOR
ENGINEERING. By . F wnite

W51 P P 2SN GesPr SIS ES

MICROPROCESSOR SUPPORT CHIPS:
Thaary, Daslgn. End APRIICE-
thons By T. ) Byers

W0 P P W Gl SIS

ENGINEERING FORMUL 28, &/a. ay
K. Greck.
s PP EYS  Oes e ST

ELECTRONKS cimCUITs NOTE-
BOOK. Edited by 5. weber

B2448  Peh Pr. 53550 "Che Pr 12730

ANALYSIS AND DESICN OF DICITAL
INTEGRATED CIRCUITS. By D. A,
Hodges and H, G. Jackson.

HIAK MMl e PN

NANDAOOK OF OPERATIONAL
AMPLIsER CIREUIT DESIGN. By D0
E Stoul & M. Kauiman.

AT b P, 505 Ces P, SHEM

ENGINEERING MATHEMATICS
HaNDBOOK, 2/e. By ). ). Tuma.
65029 Pob Pr S45F  Ceb PSS

PCM & DICITAL TRANSMISSION
SYSTEMS. By F, F Owen.

ATHSAY  peb P, $3485 Db Pro 52993

SIGMALS AMD STSTEMS By A Op
peribewn, A Willsiy, and ). Yourg
HIT P ML O P 5

DMCITAL COMMUNICATIONS By )
Proskis

ST Peh Pr 30150 Cheh e SN

Why YOU should join now!

8 BEST AXND NEWEST BOOKS [N YOUR FIELD - Books are sclecled from a wide
range of puhlishers by expert edliors and consultants to give you continuing access
10 the best and latest books in vour field.

8 BIG SAYINGS — Build your library and save maoney 100! Savings ranging up o
30% or more off pubiishers’ list prices —usually 20% (o 25%.

HONUS BOOKS—You will tnmedialely begin to paricipate in our Bonus
Book Plan that aliows vou savitigs up 1o 70% ofl the publishers' prices of

many professional and geteral inierest books!

8 CONVENIENCE —12-14 tites a year [abowt once every 3-4 weeks) you receive
the Club Bulletin FREE. It fully describes the Main Selection and Alternate Selec-
tions. A dated Reply Card is included. i you want the Main Selection. you simply do
nothing — I will be shipped autumatically, if you want an Alternate Selection —or
no book al all =you simply Indicale it on the Reply Card and return it by the date
specified. You will have al least 10 days to decide. I, becaise of laie delnery of the
Bulletin you recebve & Main Seleciion you do nol want. you may returm it for cred b
at 1he Cluby'a expense.

As a Club member you agree only 1o the purchase of three books Lincluding your
first selection} during your first year of membership. Membership may be discon-
tinued by elther you or the Club at any time after you have purchased the first
selection plus two additional books.

Dther McGraw .1ill Book (lubs:

Architects’ Book (1uh - Hyte Book Club « Chemical Engineers Book Club

* Civil Engginesers’ Bouk {Jub « Mechanical Engineers’ Book Club

For mare infor maton, wrile ra:

McGraw-tiil Book (lube. PO Box 882, llightsiown: New Jersey 08520

MAIL THIS COUPON TODAY

-—ﬁ

L

MeGraw-l1ill Book Clubs

Blecireonics and Control Engineers’
ilook Club®
PO. Box 582, Highlslown. New Jersey 08520

Please enroll me as & member and send me the 1wo
books indicated. billing ma for the $2 89 premium and
my fHirst selection o the discounted member's price.
plus local tax, shipping. and handlingeharges. | agree
1o purchase & minimum of 1wu addillonal books dur-
Ing my firs| year of membership as outlined underihe
Club plan described in this ad. A shipping and han-
dling charge s aclded 1o all shipments.

Write Code No. of
52.89 selection here

wnite Code No. of
firsl setection here

sismium .
N O — _—

Address/Apr. #

Clty

Siate Zip

This order sublect 10 acceplance by McGraw-Hill All
prices subjecl to change withoul notice. Difer good
only 1o new members.

E33678

1
|
|

e —
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EQUIPMENT REPORTS

PALADIN
SCREWDRIVERS

When your screwdriver
fails, you realize that it%s as
important to your
electronics workbench as
your multimeter or any
other tool.

CIRCLE 101 ON PREE INFORMATION CARD

AITHOUGH THE SCREWDRIVER 15 LIKELY
the world’s most-used tool, it
| rarely gets much attention—until
it doesn’t do the job properly.
i] However, Paladin Corporation
(3545 Old Conejo Road, #102,
Newbury Park, CA 91320} claims to
have given the screwdriver “some
respect” and say that they have the
“world’s best” screwdrivers. Be-
fore we take a look at what they
have to offer, lets look at some
potential screwdriver problems.
One of the most common prob-
lems with screwdrivers s that of tip
deformation. Once the tip has
been deformed, a screwdriver will

$100,000.00 CABLE TV CONVERTER

LIQUIDATION

s 60 Channel Capacity s TV On-Off Feature

= P.L.L. Tuning
* 6 Channel Memory

* |nfra-Red Wireless
Remate Control

o " '$5995

= 1096 Off On All Quantities Over 50

= Available Only Whiie Quantities Last

s Warranty Restricted to 15 Days After Receipt
of Goods

» Allow 2 Weeks for Personal Checks to Clear

- SPECIAL -

= Factory Re-Furbs Available at $49.95 Each
With Full Guarantee

SUNSET CABLE
1 Madison Street * East Rutherford NJ
{201) 777-6733
Master Charge * C.0.D. * Visa

RADIO-ELECTRONICS

[~ ]
]

ADLITIVISION

ELECTRONIC EQUIPMENT WHOLESALERS AND EXPORTS

JERROLD 60 CHANNEL
WIRELESS REMOTE
CONTROL CONVERTER
LCC 58-3 $99"
EXTRA HAND
REMOTES $19%

PHILIPS 67 CHANNEL WIRELESS REMOTE
CONVERTER with VOLUME CONTROL and
MUTEING. FINE TUNING CENTERING. $189%

PIONEER 57 CHANNEL WIRELESS REMOTE
CONTROL with PARENTAL LOCKOUT and 10
CHANNEL FAVORITE MEMORY RECALL.
DEALERS WE HAVE VIDEO RECORDERS,
ENHANCERS, STABILIZERS AND ACCESS.

12' GALVINIZED RADAR MESH
SATILITE DISH $1075® /“(
Dealers call tor pricing! i

{
SATILITE RECEIVERS WIRELESS
REMOTE CONTROL - HIGHEST
QUALITY $599%

RETAIL - WHOLESALE
305-981-1112 ¢ 305-981-1113

CIRCLE 17 ON FREE INFORMATION CARD
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do nothing but destroy the head of
any screw you want to remove—
and make it impossible to remove
the screw with any other screw-
driver. That can be frustrating, to
say the |east.

If the tip of the screwdriver sur-
vives, another potential problem is
that of a handle that falls off the
shaft—even without the abuse that
many people treat their screw-
drivers with. (Remember: Screw-
drivers are meant to remove
screws. They are not meant to be
used as chisels or crowbars.)

Paladin Screwdrivers

OVERALL
PRICE

EASE
OF USE

INSTRUCTION
MANUAL

L MM_
)

Preventing problems

The screwdrivers that Paladin
sells (which are imported from
Germany) show that they have rec-
ognized screwdriver problems
and have taken some steps to pre-
vent them, For example, to pre-
vent tip deformation, the shaft and
blade are made of very hard
chrome-vanadium steel (a steel al-
loy that contains up to 1.1% chro-
mium and about 0.15% vanadium).
Both chromium and vanadium in-
crease the toughness and tensile
strength of steel. The tip of the
screwdriver’s blade is hardened by
a heat blasting process to a rock-
well hardness of about 57. (Rock-
well hardness is determined from
the rockwell test, in which a dia-
mond cone is pressed into the
steel to a standard depth to deter-
mine its resistance o penetration).

The handie is injection-molded
to the shaft to reduce the chances
of its coming loose, and it is appar-
ently made from a very hard plastic
that is resistant to chipping and
cracking.

we looked at a random sample
of the screwdrivers from Paladin’s
Series 100, 200, and 300. The series
100 screwdrivers have hex shafts
and feature a hex nut where the

B

shaft meets the handle. That al-
lows you to use a wrench for more
torque, if necessary. The screw-
drlvers in that series are available

with slotied or Phillips tips, in shaft

lengths from 2% to 11 inches; the
prices range from less than $4 to
more than $17. (Shaft lengths are
measured from the screwdriver tip
to where it enters the handle.}
Paladin’s series 200 feature
round shafts and slimmer profiles

and are well suited to the elec-

tronics workbench. Slotted and

Phillips styles are available in
lengths from 2% to 12 inches;
prices range from about $2.50 to
$6.50. Another series 200 driver
that we saw was a multi-tip, Y%-inch
hex-shaft model. Six magnetic
screwdriver bits (3 slotied, 3
Phillips) store in the handle. A
handy feature that we liked is a
shield that prevents more thanone
bit at a time from dropping from
the handle. The shaft tength of the
model PAT955 is about 4% inches.
It is priced at about $16.

:
Where's Your ELECTRONICS CAREER Headed? |

Put Professlonal Knowledge and a

in your Electronics Coreer through

HOME

Earn ‘Your
DEGREE

No commuting to class. Study at your
own pace, while you continuc on
your present job. Learn from easy-to-
understand lessons, with help from
your instructors when you nced it.

Grantham has been traning stu-
dents for electronics degrees longer
than any other home-study, indepen-
dent-study. or correspondence insti-
tution, Grantham is the only school
in the United Siates offering an ac-
credited B. 8. Degree in electronics
by home study, independent siudy, or
correspondence.

Our frec bulietin gives full details
of the home-study program, the dec-
grees awarded. and the requirements
for each degree. Write for our free

Bulletin 9-84 .

COLLEGE DEGREE

Grantham College of Engineering is
a specialized institution catering Lo
mature individuals who are employed
in electronics and allied fields such as
computers. The field of electronics is
so cnormous that opporiunity for
advancement is always present. Pro-
motions and natural turnover make
desirable positions available to those
who are prepared to move up!

Advancement in electronics is made
easier and more ¢ertzin by (1) superior
knowledge. and (2) documentation of
that knowledge. Grantham specializes
in making both | and 2 as listed above
available to you.

Grantham's home-study program
leading to the

B. S. DEGREE

may fill ap important need for you.
This is a comprehensive correspond-
ence program in which you first review
some things you already know, in
preparation for the studies that come
later. Some previous knowledge in the
field is presumed, but is thoroughly
reviewed in depth, so as to give you
a thorough foundation for the level of
studies you have not previously under-
taken. Even though some students
hold associate degrees before enrol-
ling, an A. S. Degree is awarded along
the way toward the B. 8. Degree.

For full information, write for Bulletin 9-84

Grantham Colleg
2500 So. La Cienega Blvd.

P. O. Box 35499
Los Anqeles, CA 90035

e of Engineering
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Diskette ..
users--- N P & gt

Whenyou've
heard from
all the
animals in
the diskette
200, but you N\
need fast o, |
delivery and ’QJE. f
high quality ¢
diskettes...

Call Commmunications Electronics
Diskette order desk @
800-USA-DISK

In Canada 800-CA1-DISK Lﬁﬁ' W =
ChUUSE vour hraﬂd Super Disk Wabash BASF

diskettes == diskettes == diskettes == diskettes &%

Choose your price 084 each  S099each  Sidd cach 5144 ech

CE noal CE tomat CE omL CE tomat
Saper Bish 10 prce Wobsah 100 prics BAKF 100 price in 10D prics
Product Dascription mt » pr dah [§) hrl & por disk ¥ hit & por dish [$) tarl # o dusk 31
8" 5SS0 IBM Compatible 120B/5, 26 Sector = : FIs1-¢ 159 = —_—— s 194
8’ SS50 Shugant Compatible. 32 Hard Sector -_— = 217 24 17% = — —
8” SS00 1BM Compatible (128 B/S, 26 Seclors! —_— = ANi-F 189 it (1311 24 239
8" DSOD Soft Sector {Untormated) _—— —_—— Fldir 209 —_— nan-r 289
8" DSDD Soft Sector (256 B/S, 26 Sectors) e —— - - Flis-t 209
§" DSDD Soft Sector (5312 B/S, 16 Sectors) -_— = Flig-# 209
8" DSDD Solt Secior (1024 B/S. 8 Sectors) — — FL4T-# 200 —— BOBDD-1D24-¢ 28%
5% S550 Soft Seciofr w/Hub Ring E31-P 114 H1IAP 1.19 — —_— SRES
5% S530 Same a3 above but bulk product HIT-F (1] WIAR-r 099
S¥%¥ 555D 10 Hard Sector w/Hub Rwng - ['TI S 1.19 - - - R —
5%" S5D0 Soft Sector w/Hub Ring wal-r 129 Nilg-r 1.3 74P 144 SHIR-Uk-r 154
5%~ S5SDD Same as above. bul bulk product HAT-F 108 W1iss-p 114 - e assap-aL-r 144
&% S50D Soft Sector Flippy [use both sides) - — o Nianr 1.5% -
5%" S500D 10 Hard Secior w/Hub Ring = = e MAIA-P 134 = — s
5% DSDD Soft Sector w/Hub RINg HAl-? 154 MI4A-P 159 [ T1]7 3 179 saion-10-p 219
5%" DSDD Same as above. but butk product BI7-P 1.4 WIdAY-P 139 e —_—
5% DSDD 10 Hard Sector w/Hub Ring - - Hidn-? 159 —_—
5%” DSDD 18 Hard Sectof w/Hub Rin —== ¢ MS4R-F 159 — —_— o
5%~ DSDD Sol Sector w/Hub Ring (86 TP $501-F 24 WisA-F 24% E4982-P 29 $D300-3508-P 309
3%~ SS00 Soft Sector micro-floppy Mz N 13k LR
b " Litatime warranty # yeout warranty Litatimes warranty Litatima warranty
For more lnformatlon For ety irie o8 dopee Pied 1l far s oo W Ebest ool far meen mie o8 QAtT o For mary bote o 4 ool
aboutithis/brandicallslaii0 ke gBilIzs 00 600143 4010 S lhiset At
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CE...your best source for diskettes

For you the diskette buyer, it's aungle cut thare. There are
50 many differant brands to choose from, youneedtogoon
a safari to find a good brand at a reasonable cost.
Fertunately, CE has already hunted for the best diskettes
and offers you an excellent choice at a CE price. To save
you even more, CE also offers bulk product where 100
diskettes are packed in the same box without envelopes or
labels. Since we save packaging costs, these savings are
passed on to you. Diskette envelopes are also avallable
from CE. These super strong and tear resistant Tyvek®
envelopes are only $15.00 per 100 pack. Use order# TE-5
for a 100 pack of 5% diskette envelopes.

Quantity Discounts Available

Our diskettes are packed 10 disks to a carton and 5 or 10
cartons to a case. The economy bulk pack is packaged 100
disks 10 a case without envelopes or labels. Please order only
in Increments of 100 units for guantity 100 pricing. With the
exception of bulk pack. we are aiso willing to accommodate
your smaller orders. Quantities less than 100 unitsare avallable
In Increments of 10 units at a 20% surcharge above our 100
unit price. Quantity discounts are aiso avaitable. Order 300
or more disks at the same time and deduct 1%; 500 or more
saves you 2%; 1,000 or more saves 3%; 2,000 or more saves
4%; 5,000 or mofe saves 5% 10,000 or more saves 6%;
50,000 or more saves 7%, 100,000 or more saves 8%,
500,000 or more saves 9% and 1,000,000 or more disks earns
you a 10% discount off our super low Quantity 100 price.
Almost all our diskettes are immediately available from CE.
Our efficlent warehouse {acilitles are equipped to help us get
youthe guality product you need. whenyou need it. If you need
further assistance to find the flexible diskette that's right for
you, call the appropriate manufacturers compatibility hotline
telephoneé number listed at the bottom of this ad. Dealer
inquiries invited.

s LT nnis|

Buy your diskettes from CE with confidence

To getthe fastest delivery of your diskettes. phone your order directly to
ocurorder desk and charge itto your credit card. Written purchase orders
are accepted from aporoved gevernment agencios and most well rated
firms al a 10% surcharg® for net 10 billing. For maximum savings, your
otder should be prepaid. All sales are Subject 10 availability, accepl-
ance and venfication. All sales are final. Al prices sre in U.S. dollars.
Prices, tarms and spacificalions are subjact to change without nolice.
Out of stock items will be be piaced on backorder of substiivted for
equivalent product at no extra cost o you unless CE is instructed
ditferantty, A $5.00 additional handling fee willbe chargedfor all orders
with & merchandise totsl under $50.00. All shipmenis are F.0.B. CE
warahouss in Ann Asbor, Michigan. COD terms are avallable. in U.S.
UPS areas for $5.00 axtra, and sre payabie with cash or certifed check.

For shipping charges adc $8.00 per 100 diskettes and/or any
fraction of 100 8-inch disketies, or $6.00 per 100 diskettes and/or any
traction of 100 5%-inch or 3¥%-inch diskettes for ULP.5. ground shipping
and handling In the continental U.S. UPS 2nd day air rates are three
times continenta) LS. rates. For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping is three times the continental U.S. rate.

Mail ordera to; Communications Etectronics, Box 1045,
Ann Arbor, Michigan 48108 U.5 A_if you have a Visa or Master
Card. you may call and place a credit card order. Order tolHree
in the U.S. Dlal 800-USA-DISK. In Canada, order tolkfrée by
calling 800-CA1-DISK. I you are outside the U.S. orin Michigap
dial 313-973-8888. WUl telexanytime 87 1-0155, Order today.

Copyright © 1584 Communmications Elecironics Inc Ad @QB0284
A COMMUNICATIONS g
ELECTRONICS™

Computer Products Division

Box 1045 O Ann Arbor, Michigan 48106-1045 U.S.A.
Call 100-Iree 300-USA-DISK or gutmide U.B.A 313-973-8888
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THE
RIGHT
STUFE

The growth of NTE Quality replacament parls has
been nothing shon of aslranomical. And the proot
is #n our new 1984 Repiaceman! Master Guide,
desiined lo be 1he standard directory for techficians
ACross the couniry In excess of 3,000 quality NTE
typas are cross-relerenced lo mare than 220,000
industry pan numbers.

]f YOU'LL FIND ALL THE RIGHT STUFF FOR
REPLACEMENT, MAINTENANCE AND REPAIR: |

» Transistors - Memory IC's
- Thyristors = Thermnal Cut-Ofts |
- Integraled Circuits « Bridge Rectifiers j
* Rectrdiers and « Unijunctions '
Diodes * RF Transistors
- High Volage * Microwave Oven f
Multiphers and Rectifiers
Dividers » Selenium Rectitiess
« Optoetectronic « NEW! The Prozector
Devices 6000™ Transien! |
+ Zeners Voltage Protection
» MiCToprocessoss Stop
and Support Chips '

Look for our Repiacement semiconduclors in the
brighl green palybags and carlons that st rating
limns, device type. diagrams and competitive
replacement rght on the package. NTE quality
parts are availabie from your local NTE disinbutor
and coma backed by 0ur exclusve two-year
warranty. Ask for your FREE NTE Replacement
Masier Guide and take off with NTE?

NEw -TONE ELECTRONICS. INC,

44 FARRAND STREET - BLOOMFIELD, NEW JERSEY 07003

WWWwW americanradiohistory comm

DON’T
FORGET

The series 300 screwdrivers fea-
ture round shafts. They are anti-
static and are insulated to 1000
volts. We examined the model
PAT971 slotted screwdriver, which
is one of the screw-holding drivers
in the 300 series. We found it a
refreshing change from other
screw-holding models we've used
in the past: The main advantage is
that three quarters of the screw
head is firmly held in place. The
series 300 includes both stotted
and Phillips heads in shaft lengths
from 3% to 7 inches; prices range
from $3.50 to about $10,

Paladin also has two other series
of screwdrivers. The series 400
consists of ball-style hex drivers.
The series 500 is round-shafted

~ screwdrivers that range in size

from 2% to 8 inches, and in price
from $1.20 to about $6.50.

Paladin’s screwdrivers are ob-
viously well made. They are—not
surprisingly—a bit more expen-
sive than most screwdrivers. But
they appear to be made to last a
iong time. So if you can appreciate
the quality of good tools, then
you'll be satisfied with them.

The Craftform handles are
shaped so that they're not only
comfortable; they help to reduce
fatigue and, Paladin claims, let you
use your power up to 50% more
efficiently than standard screw-
driver handles. While we couldn’t
confirm those exact figures, we
could aﬁree qualitatively, most
noticeably with the larger models.

For general electronics work,
we'd recommend drivers of either
the 200 or 300 (insulated) series.
For heavier work (auto mechanics,
for example), the 100-series drivers

L

ve int the way of a TV tha:
uses an indoor antennal”’
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are hard to heat.

Paladin claims that their screw-
drivers are the world’s best. While
we wouldn’t be willing to go that
far, we do admit that we have yet to
see any better. R-E

Hickok MX-333 DMM

This high-quality instrument
even lets you “troubleshoot
by ear.”

CIRCLE 102 ON FREE INFORMATION CARD

A GOOD DMM |5 ESSENTIAL FOR ANY-
one planning to do any amount of
electronics work. But for some in-
dividuals, especially those for
whom electronics is a profession,
the quality of the device is para-
mount. After all, the unit must
stand up to the strain of constant
use and be capable of delivering
highly accurate measurements.
We recently had a chance to exam-
ine an instrument that in our opin-
ion meets that description. That
instrument is the Hickok (10514
Oupont Ave., Cleveland, OH
44108} MX-333.

There’s quite a bit of measure-
ment capability packed into that
2.2 x 6.7 % 6-inch, 22-ounce unit.
Of course it measures reslstance,
AC and DC current, and AC and
OC voltage, and provides a diode
test feature; but it also offers a lit-
tle more by inciuding both 20-ohm
and 10-amp ranges. Those ranges
are not found on many meters.
Also provided is an audible output
feature, called Vari-Pitch. As that
name implies, the pitch of the au-
dible output varies as the reading
changes. Finally there is a logic-
testing capabillty, called Logic-
Trak, that works with Vari-Pitch to
provide rapid troubleshooting of
logic circuits.

Specifications

Let's turn next to theunit's speci-
fications. it can measure AC and
DC voltage over five ranges from
200 mV to 1000 volts full scale. For
OC voltage, accuracy is specified
as +0.1% of the reading =1 digit.
For AC voltage, accuracy is spec-
ified as £0.75% of the reading =2
digits over all ranges for signals
from 45 Hz to 500 Hz. For signals
from 500 Hz to 5 kHz, the accuracy
is 2% of the reading =35 digits;
that specification is valid for the

200-mV to 20-volt ranges,

Resistance is measured over
seven ranges from 20 ohms to 10
megohms full scale. Specified ac-
curacy varies according to the
range from a high of 0.1% =1 digit
for the 2-kilohm through the 2-
megohm range, to a low of 3% =1
di§it for the 20-ohm range. The
voltage output by the meter for the
resistance lests Is 0.25 volts max-
imum at full scale, 3.2 volts max-
imum into an open circuit.

continued on page 42
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Here’s one phone book
worth buying

...and reading.

Understanding Telephone Electronics.

State-of-the-art techaology is revolu-
tionizing tel

Enhancing capabilities. Lowering costs.

communications.

Expanding functions.

Learn why digital systems are replac-
Iing analog. Why cordless phones
arc practical. How cellular mobile
phones work,

Fully illustrated. Understanding
Telephime Electronics is written in
concise. nontechnical language,
ideal for self-paced leaming.

To order Telephone Electronics,
or any other book in the
Understandmg Semies T use

the coupon below
j
TeExas {P
INSTRUMENTS

Creating useful products
and services for you.

Texas [nstruments
PQ: Box 3640, M/S 54
Dallas, Texas 75285

Add $1,25 per bk for postage and handling. Prices
subgect to change wnthout nonce.

Enchee check or money ander with wales tax (oxcepe
AK. DE, NH, OR). hwesm ardens must be in LLS.
dollars ansd inchude thippang charges. Na phane onders,
please

Mamwe
Addres
Ciry

State _
252118 ©ivs4 TN
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In Computer Electronics...

NTS 1TRONIC” HOME
TRAINING GIVES YOU

THE EDGE

The competition for
High-Technology
careers is strong,
and the rewards
are great. Give
yourself the edge
you need by training
with NTS.

NTS WTRODIC home training provides
you with a special kind of “Hands-On”
experience that prepares you better,
develops your skills faster. You advance
as quickly as you wish, working with
actual circuits, diagrams, schematics,
and state-of-the-art hardware. There are
a dozen different NTS programs in
electronics to help you develop and
reach your potential. They range from
basics to advanced areas in several
fields. And the ALL-NEW NTS course
catalog spelis it all out. It's free, and

does not obligate you in any way. Send
for it today.

A GROWTH INDUSTRY

High-Technology is a growlh industry. The
evidence is clear, and most observers predict a
steady expansion due to a relatively strong flow
of investment capital into computers, electronics
and precision instruments. Sales of computers
alone will reach an estimated tén million units
this year. This means challenges and new

employment opportunities, especially in
servicing and maintenance. Computer servicing
skills can best be learned by working directly on
field-type equipment. NTS electronic hardware is
selected and developed especially for the
training program with which it is associated. You
learn by doing, by assembling. by performing
tests and experiments, covering principles of
computer electronics, microprocessor trouble-
shooting. and circultry.

MICROCOMPUTERS

NTS offers three programs in computer
electronics. You will receive training covering
solid-state devices, digital loglc circuitry, and the
fundamentals of the computer itself. Instruction
includes micro-control technology and detailed
operation of microcomputers. These courses will
prepare you for entry-level in many facets of the
computer industry such as field service and
customer engineering as well as programming.
In addition to written texts your course includes
the NTS/HEATH disc-drive computer which you
assemble as part of the training process. The
assembly and use of the computer will serve to
reinforce practical application of principles.

WWWwW americanradiohistorv comm
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MICROPROCESSOR TECHNOLOGY

The field of industriat and microprocessor
technology encompasses the application of
electronic microprocessor control principles.
Your course takes you from fundamentals of
digital electronics and associated circuitry
through the application of the microprocesscr as
a control device. You will learn how to move and
manipulate instructions and information. The
microprocessor trainer included in your course is
a microcomputer system designed as a practical
tool for learning the use of software and
hardware techniques utilized in the linking of
microprocessors to various systems.

DIGITAL ELECTRONICS

The NTS Compu-Trainer is a fascinating solid-
state device which you will build In order to
perform over ninety logic circult experiments.
These experiments serve to @mphasize an area of
electronics which s essential to the under-
standing of state-of-the-art control equipment;
they are also extremely important to those
wanting to pursue a career in computer
servicing. Separate courses involving the
Compu-Tralner are also available in
Microcomputer Servicing and Digital/Analog
Electronics.

ROBOTICS & VIDEO TEGHNOLOGY

Other NTS courses cover a wide range of
specialization. in Robotics, the NTS/Heath Hero |
is included to train you in robotic applications in

1

NO OBLIGATION NO SALESMAN WILL CALL

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1305
Resident and Home-Study Schools

4000 So. Figueroa St., Los Angeles, CA 90037

manufacturing processes. In Video technology, a
néw course features the advanced NTS/Heath Z
Chassis "Smart Set” color TV with computer
space command remote control and Space
phone. This is an excellent program for those
interested in a career In video servicing with
microcomputer basics.

EARN CEU CREDITS

America’s industrial giants are turning more and
more frequently to home study as an effective way
to upgrade employee skills. You benefit from the
experience NTS has gained in its 79 years as a
leader in technical training. The skills and
experience galned in the building of kits and test
equipment provide you with training that cannot
be duplicated. And.
depending on the
program you select.
yOu can earn up to
30 CEU credits for
successful
completion.
Complete details
included in the
catalog.

Ut the mail-in cerd ar fit out end maeui the coupon Indicels Ie Hisid of your chalce.
{One. only pigere.] FREE full coloe cotsiog wit bat Sint lo you by refurn muil

NATIONAL TECHNICAL SCHOOLS Pt 206-094
4000 South Figueroa Street, Los Angeles, CA 80037

Please send FREE color catalog on course checked below.
O Robotics O Computer Electronics
Ol Digital Electronics O video Technology
O Auto Mechanics 0 Home Appliances
O Air Conditioning/ Solar Heating

Name Age
Agdress _ Apt,

City State _

Dp_ Phone | § i

O Check it Interesied ONLY In classroom training In Los Angeles
O Check il Interested In G_1. Blll Information.

| R i, I — Sy, iy =St L SRR
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EOUIPMENT REPORTS

continued from page 37

Both AC and DC currents are
measured over five ranges from 2
mA to 10 amps full scale. Accuracy
for the DC ranges varies from
1% =1 digit (2 mA-200 mA) to
1.5% +1 digit (2 amps). Accuracy
for the AC ranges, for input signals
from 45400 Hz, is 1.5% =2 digits;
the exception to that is the 2-mA

range, which has an accuracy of
2.5% =2 digits.

Use

All of the meter’s ranges and
functions are selected from the
front panel. The four test-lead
connectors are located on the side
of the unit. Those connectors, viw,
COM, MA, and wa, are of the re-
cessed variety for safety. A set of
color-coded test probes (red-black)
are provided with the unit, as is an
alligator clip attachment that can

WHAT WILL YOU

FIND IN CEI'S FREE
1984 FALL CATALOG ?

Edy

i —
I"&.;

ALL OF YOUR ELECTRONIC
PARTS NEEDED!

OVER 500 NEW ITEMS!
CALL TOLL FREE TODAY!

1-800-543-3568

NATIONAL WATS ’
705 WATERVLIET AVE,
IN DAYTON:{513) 252-5662

1-800-762-3412

OHIC WATS

DAYTON,OHI0.45420
TELEX NO. 288-229

CIRCLE 18 ON FREE INFORMATION CARD
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screw onto the end of either probe.

Using the meter is simple. It is
merely a matter of plugging the test
probes into the appropriate con-
nectors and selecting the required
function and range. The ranges are
color coded for each function. The
résistance ranges are shown in
green, the AC and DC voltage and
current ranges are shown in yellow,
and the special functions are shown
in blue.

All readings are displayed on a 3%-
digit LCD readout. The readout fea-
wres a polarity indicator, decimal
points, and a low-battery annun-
ciator that lights when battery life Is
down 10 20% {a 9-volt transistor-ra-
dio-type battery is used by the
meter). The display is tilted upward
at a 45° angie for easy viewing on the
bench. A belt-clip is also provided
for portable use.

Hickok MX-333

OVERALL
PRICE

EASE
OF USE

INSTRUCTION
MANUAL

PRICE ] -5 T
7 VALUE |
NEAEE

2

12
o

The Vari-Pitch feature is turned on
and off using the aupio switcH. That
feature can be used with all ranges
and functions, and is designed to
respond almost instantly to prac-
tically all inputs. What 1s interesting
about that feature is that different
kinds of input signals will produce
characteristic and distinctive
sounds. Once you've used the in-
strument for a while and have
learned those sounds, there’s quite
a bit of troubleshooting that can be
done by ear. Other uses of the Vari-
Pitch function include checking ca-
pacitors in circuit and nulling and/or
peaking a circuit.

The Logic-Trak feature has its own
separate BNC input connector and
requires the use of a 10:1, 80 MHz or
better oscilloscope probe (one is
not supplied but is available from
the manufacturer). Because of the
high input impedance and low ca-
pacitance of that type of probe, it will
have minimum effect on the circuit
under test. That allows you to easily
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find the presence of logic highs and
lows, as well as opens, floating in-
puts, and shorts to either the power
supply or ground. Individual pulses,
pulse trains, or changes in vollage
levels, are indicated by the presence
of the colon in the display. Any such
change will cause the colon to ap-
pear for about 0.1 second. If the
changes in level are occurring
rapidly, the colon will appear to be
on continuously and the display will
show the average DC level.

The Logic-Trak function is es-
pecially useful when used with Vari-
Pitch. That's because the various log-
ic states, and pulse activity, can be
identified quickly without looking at
the display by using that feature.
Higzh logic-levels cause a high-fre-
quency tone to be generated, low
logic-levels cause a low-frequency
sound (or no sound at all} to be gen-
erated, and pulse activity is signaled
by a chirping sound.

The instruction manual that ac-
companies the unit is excellent. It
features everything that you would
expect, including information on
use, applications, calibration, and
maintenance. There is also a com-
plete parts list, parts-placement dl-
agrams, and a schematic.

In summary, the Hickok MX-333is
an excellent and well-made instru-
ment that would be a welcome addi-
tion to any electronics bench. It is
covered by a one-year warranty and
sells for $290.00. R-E

Krista Model 30B-240
Capacitance Meter

A low-clost, easy-to-use
meter

CIRCLE 103 ON FREE INFORMATION CARD

THERE'S LITTLE DOUBT THAT A CAPACI-
tance meter is a handy instrument
to have around the workshop or
lab. The problem is that many of
those instruments are either ex-
pensive or terribly inconvenient to
use. We recently had the pleasure
of examining an instrument that
fits neither description. It is the
Krista (PO Box 3423, Torrance, CA
90510) mode! 308-240 digital capac-
itance meter.

This is a small (71 X 3.2 X 1.5-
inch, 9.9 ounce) hand-held unit.

Measurements are displayed on a
%-inch, 3%-digit LCD readout.
Controls are simple, but to the
point. They consist of a front-panel
ON/OFF switch and a front-panel
ZERO ADJUST control. The instru-
ment is not auto-ranging. Eight
ranges from 200 pF to 2000 pF full
scale are selected, using a series of
pushbuttons located on the side of
the case.

Capacilors can be tested in one
of two ways. Smaller capacitors
can be plugged directly into a set

1T WASN

T OUR IDEA

TO ADD TWO NEW SiZES
TO OUR LINE OfF
ACE BREADBOARDS.

I

WAS YOURS.

Good idea! You told us you wanted to bulld
larger prolects. And, thal you neederd big:

ger breadboards to bulld them. Well, our
two new AP PRODUCTS All Circuit
Evaluators are just what rnu had
nmind.

The ACE 245 has 25% more capacity
than our previous largest bread-
board. It has a clrcult bullding
matrix of 4520 soiderless, plug-
In tie-points. And, if bigger
is better our new ACE 254
has a circuit buliding
matrix of 5424

solderless tle-points.

For the

AP PRODUCTS
dealer near you
call TOLL FREE
800-321.9888.
{In Ohlo, call
collect

{218) 354.2101.})

AP PRODUCTS INCORPORATED
9450 Pneneecie Dr. * Bax 540
Mentor, Ohio 44060

[216] 354-2101

TWX; 810-425-2250

in Eurcpe, contact A P PRODUCTS + GmbH
Bacumiesweg 21 « 0-7031 Weil 1 » West Garmany
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of spring-loaded test terminals on
thefront panel. Larger devices can
be tested, using a set of leads (sup-
plied). Those leads plug into the
front of the unit directly below the
test terminals. The connectors
used are of the recessed type for

safety.

Krista 39B-240

DVERALL
PRICE

INSTRUCTION
MANUAL

PﬂfCE/ YALUE

Specifications

The eight full-scale ranges cov-
ered by the unit are 200 pF, 2 nF, 20
nF, 200 nf, 2 pF, 20 pF, 200pF, and
2000 pF. The accuracy, which is
specified at 25°C =5°C, is 0.5% of
the full-scale reading +1 least-sig-
nificant-digit; that specification is
valid for the 200-pF to 200-nF
ranges. For the 2000-pF range, the
accuracy is claimed to be 1% of full
scale =1 |east-significant-digit.

The device is powered by a 9-
volt transistor-radio-type battery.
The specified power consumption
is 34 mA. The expected battery
life is 200 hours if an alkaline type
is used; 100 hours for a carbon-
zinc unit. A low-battery condition
is indicated by a LoBAT annunciator
on the readout. The specified op-
erating environment is 0°C to 40°C
(32°F to 104°F) and a maximum re|a-
tive humidity of 85%.

Use
The meter is extremely easy to
use. All that needs to be done is
turn on the unit, select the appro-
priateé range, zero the display, in-
sert the capacitor into the test
terminals (or use the test leads in
the case of larger units), and read
the value on the display. The units
of the displayed reading are the
same as indicated by the selected
range switch. If the value of the
capacitor is completely unknown,
such as in the case of unmarked
units, simply start at the lowest
range (200 pF) and work upward
continued on page 92

Eleclronics mﬁmﬁa@&@g

ELECTRO IMPORTING CO. CATALOG.
This reprint of the hisione 176-page catalog
No. 20 gives you an accurale look at 1he sfale
of electrorics in 1918, Conlains #verything
from & Zinc Spark Gap lo a 1000-Mile Receiv-
ing Quttit. You can get your own copy of this
modern anlique, profusely ilustrated, for only
$4.95 plus $1.00 P&H. Order yours from R-E
BOOKSTORE, Radio-Elscironics, 200
Park Avenue Soulh, New York. NY 10003,

FREE 1984 ELECTRONIC TOOL & IN-
STRAUMENT CATALQG is packed with over
5,000 guality lechmcal products for assem-
bling, tesling and repainng glectronic equip-
menl. All products tully lilustraled with
pholographs, detailed descnphions and pric-
ing 1o allow for easy ordering by phone or
mail. Most orders are shipped within 24
hours. 100% sanstaction guarantee, CON-
TACT EAST, 7 Cypress Drive, Burllngton,
MA 01803. {617)272-5051.

CIRCLE 50 ON FREE INFORMATION CARD

Ve

SATELLITE CONTROL CABLE—NEMAL
ELECTRONICS has designed & new series
ol combingtion cables for TYRO instaliations.
These cables provide all necessary wires for
Signal. molor and recaiver power and sense
circuits together 1n one direc1 bunal jacketf.
TYPE-1 RG-59 + 9 conductor (2-18gu)
$4951000', TYPE-2 RG-59 + 11 conductor
{2-12gu) $6891000', TYPE-3 dual RG-59 +
11 conductor {2-12gu) S8791000", all made
wilh mispec RG53, 96% copper shield,
tinned drain wires. Over 500 types of cable,
connectors, SMATV products in slock. Autho-
rized distributor Kings-Amphenol-Columbia.
NEMAL ELECTRONICS Inc., 12240 N.E.
14th Ave., N. Mlaml, FL 33161 {305)
B893-3924.
CIRCLE 96 ON FREE INFORMATION CARD

WwWwWw americanradiohistorv comm

AND

RESERVE
YOUR SPACE

* § % rate S605 per each insertion.

& Reaches 215,460 readers.

& Fasl reader service cycle.

« Short lead time for the placement of
ags

* We typeset and layout the ad at not
addwional charge.

Call 212-TT7-6400 to reserve Space. |
Ask tor Arline Fishman. Limided num-
ber of pages available Mail materials |
to: mini-ADS., RADIO-ELECTRONICS,
200 Park Ave. South. New York. NY
10003.

MODERN ELECTRICS. Miniature souvenr
of tha first publication ever produced by Gems-
back Publications. This Issue appeared in
April 1908—just 75 years ago. You can Own
your own reprint of this umque first edition for
just §2.50 pius 75¢ P&H. It's avaliable from
R-E BCOKSTORE. Aadic-Electronics, 200
Park Avenue Soulh, New York, NY 10003

= |
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18 1ess0on course, including lesson books,
cassetts tapes, and workbooks. will give you
the information you need to enter the fieid of
tast engineanng and to leam the latest tech-
niques used N aulomatic test equipment.
Earn your certificate from the Test Engineer-
ing Institute, Check/M.O.Mastercard/Visa.
$450 plus shipping. 10 DAY NC RISK TRIAL.
Logical Solutions, Inc,, 1799 5. Win-
chester, Suite 201, Campbell, CA 85008,
{408) 374-3650.
CIRCLE 48 ON FREE INFORMATION CARD

ViDED
SCHAMALING

TECHHIQUES

SUBSCRIPTION TV MANUAL. This infor-
mation packed book details the methads
used by subscripilon TV companies to
scrambie and descramble video signals.
Covers the Sinewave, Gated Pulse, SSAVI
system, and the methods used by most cable
companies. Incluges circuit schematics. the-
ory, and trouble shocting hints. Only $12.95
Plus $1.50 first class P&H. Info $2.00, refun-
dable. RANDOM ACCESS, Box 41770-R.
Phoenlx, AZ B5080.
CIRCLE 31 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

6 x rate $605 per each insertion.
Reaches 215480 readers.

Fast reader service cycle.

Short lead time for the placernent of
ads.

* We typese! and layout the ad at no
agditional charge.

Call 212-777-6400 o reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mal matenals to: mini-
ADS, RADIO-ELECTRONICS, 200 Park
Ave, South. New York, NY 10003,

4 3 LIL L
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APPLIANCE REPAIR HANDBOOKS—13
volumes by service &xperis; easy-to-
undersland diagrams, lllustrations. For major
appliances (air conditioners. refrigerators,
washers, dryers, microwaves, elc.), elec
housewares. p&rsonal-care appliances.
Basics of sohd state, setting up shop, test
Instruments. 52.65 to 55.90 each. Free
brochure. APPLIANGE SERVICE, PO Box
789, Lombard, IL 60148, 1-(312} 832-9550,
CIRCLE 92 ON FREE INFORMATION CARD

TIMEX/SINCLAIR 1000, 1500, 2068, ZX81,
SPECTRUM PRTR LF—A Centronics paral-
lel printer Interface. Order PRTIF: $50.
EPROMMER—Programs 2718, 2732, 2764
Order EPRMR: 375. Software for T52068.
Spactrum: ASM/DSM—A full featured as-
sembler/disassembler. Order ASMDSM:
$40. TEXTEDIT—A very complate editor, in-
¢luding 64-column mode. Order EDIT: $40.
When ordering, specily type of compuler.
Money orders or C.0.0. only. Send to RE-
SEARCH SERVICE LABORATORIES P.O.
Box 19124, OKC, OK 73144,

CIRCLE 10 ON FREE INFORMATION CARD

ZENITH Z-TAC CABLE T.v. OESCRAMB-
LER. Brand new tag-along, Positive and
negatrve video 522500 plus 5% shippang and
handhng. Visa, MasterCard, C.O.0. accepi-
ed. For Compiete information and our Cata-
log send $5.00 to R&M DISTRIBUTORS,
P.O. Box 266-R15, Boston, Ma. 02150. (617)
871-5838.

CIRCLE 24 ON FREE INFORMATION CARD
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Callformia-DC Regulated Switching Power
supply +5vdc @ Samp +12vde @ 2 amp
+i2vdc @ 18 amp =12v dc @ 5 amp
115230v ac nput, fused EMI flitered.
Removable DC Power Harness and Sche-
matics included. 74° x 82° x 1.7° ht. New
unils, idenlical to the Kepeo! TOK Suppiies
as seen at $59.95.

$37.50 sa. treight pre-paid InrU.S.
1-800-327-7182 Power Plus.

{Call for Quantity Price)

CIRCLE 8 ON FREE iNFORMATION CARD

FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 2000 quali-
ty items. Your $ingle source for precision
tools used by electronic technicians, enging-
ers, instrument mechanics. schools, 1abora-
ories and government agencigs Also con-
tains Jensen's line of more than 40 1ool kits.
Send for your-ire¢ copy todayl JENSEN
TOOLS INC., 7815 46th St., Phoenix, AZ
85040, (602) 968-6231.

CIRCLE 37 ON FREE INFORMATION CAFID_

THE LE COUNT 24 1s a unique sat-ellne an-
tenna positioning system because it s the
first da-il-yoursett system, and it 15 the Only

low voltage AC {QUITE) system on the mar-
ket today. Rgtro Fit motar and 4 digil control—
power ur! IS available direct at $239.95.
Motor une akone 15 109.95, counter as add an
unit: 135,00. THE SPACEAGE ELEC-
TRONICS CORP, P.O. Box 15730, New Or-
leans, La. 70175, (S04) 891-7210.

CIRCLE 23 ON FREE INFORMATION CARD
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NEW IDEAS

Pulsating doorbell

CONVENTIONAL DOORBELLS CAN
ofien fail to get your attention.
That can happen when youare ina
remote part of your house, such as
your basement or attic, or when
there are other loud noises, such
as when you are working with
power tools. While it is possible to
replace your doorbell with a loud,
pulsating buzzer, such buzzers
will pulsate only as long as the
doorbell button is pressed. In ad-
dition, they can be rather expen-
sive. However, as we'll see, there is
a better solution.

Figure 1shows a simple doorbell
circuit that, when activated, will
emit a loud, pulsating sound. The
circuit is easy to build and uses
readily avatlable parts. Unlike
other doorbells, this one will con-
tinue to sound for about 1%
minutes before it automatically
turns off. An additional feature of
the circuit is that it will automat-
ically shut off if the door is opened
before the 1% minutes is up.

How it works

The operation of the circuit is cen-
tered around transistor Q1 (a
2N3819 general-purpose FET) and
IC1 (a 555 timer configured as an
astahle multivibrator). The door-

15.uF

=l aez { 120 VAC To
12D SUTaDE
TﬁNT/ALUM | Cawee as

bell circuit is powered by two
power supplies, 12- and 18-volis
DC, made from several batteries. If
you don't like the idea of using
batteries, you can, of course, use a
DC power supply.

Capacitor Cl determines the on.
time for the buzzer, while D1
provides a discharge path for that
capacitor. When S1 (the doorbell
button) is closed, C1 charges to
the supplz rail and a voltage is ap-
plied to the gate of transistor Q1,
turning it on. Turning on Q1
provides a ground path for the rest
of the circuit. With Q1 on, current
flows and a trigger pulse is de-
veloped at the junction of C2 and
R1. That trigger pulse is applied to
pin 2 of IC1, causing it to begin the
timing operation.

The output of IC1 (at pin 3) is
used to turn relay RY2 on and off.
Here, the output is used to sink
current. When that output is low,
current flows through the coil;
when it is high, no current flows.
As the output of the 555 is chang-
ing states rapidly, the relay con-
tacts open and close repeatedly.
The relay, of course, controls the
sounding of the buzzer, so thatitis
continually being turned on and
off, causing the pulsing effect.

52

AG. 1

WwWwWw americanradiohistorv comm

when C1 has discharged (timed
out), the gate voltage is removed
and Q1 turns off, effectively open-
ing the signal path and turning off
the buzzer. But, as stated earlier, if
the door is opened before that
time, the buzzer automatically.
shuts off. That action is caused by
52. When the door is opened, 52
closes and shorts the charge on C1
10 ground. That removes the Q1
gate-voltage and turns the tran-
sistor off, cutting off the path to
ground. Switch 52 (Radio Shack
49-496, or equivalent) is a magnet-
continued on page 102

NEW IDEAS

This column s devoled 10 new ideas, clit-
cuis, device applications, construction tech-
niques, heipful hats, etc

All pubtiished enthers, upon publication. will
eam $25 In addmon, ior LS. residents only.
Panavise will donate thew mode! 333—Tha
Raged Assembly Circull Board Molder. Having
a retal pnee of $39 95, It tealures an eight-
posdion rotatng adjusiment, Indexing a1 45-
degree increments. and s pos:tve KCk posi-
tiens in the verhical plane, giving you & 1ull ten-
inch hesgm adjustment for comiortable work-
ng.

I agree 10 the above terms, and grani
Radio-Electronlcs Magazing the right to
publish my idea snd 0 sublequently re-
publish my :dea i collections Or compiations
of reprints of similar articies. | declare that ihe
allached i3ea 1§ My own original material and
that its publication does not wolate any other
copynght. | aiso declare thal this malenal has
not been previously Published.

Thie of idea

Signatire

Prinl Name Dale

Street

City State Zip

Mail your sdea alang with this OURON
10: New Ideas Radlo-Electfonics,

200 Park Ave. South,

I Hew York, NY 10003
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\Nhat’s New at

AMERICAN SURPLUS TRADING?

"The Source” of

electro.mechanical componants
for the hobbyist.

e warehouse 60,000
items at American
Surplus Trading—expen-
sive, often hard-to-find
componen!s for sale
at a fraation of their
original cost!

You'll find every part
you need—either brand
new, of removed from
equipment {(RFE) in excel-
lent condition. But quanti-
ties are limited. Order
from this ad, or visit our
retail showroom and find
exactly what you need
from the thousangs of
items on display. Open
Mon.~-5at., 9-5.

THERE'S NO RISK.
With our tull 90 day warranty,

any purChase can b returmed for
any reanon 10¢ full credit of retund,

J. LASER SCANNER

A. 160 CFM BLOWER

B¥"H x 67%:"w a B'he 0,
Ak Outiet 27H z 3% "W
11SVAC, 6OHZ. Used in
heating, vendahng. and

axhausing $9.95 AFE

B. 35 CFu SPRITE FAN'

fiow 1ISVAC, G0HZ Dim

E. wiNDJAMMER
BLOWER

J'u” 3q x1%°D Rolron or
ik $6.95 RFE

Melal Irame with 5

impac plasic blaces. For
©00lng HIF], slectronic
epapment. COMPUlers. @iC.
Mawunts for intake oF
eaxhaust 195VAC, BOHT.
Dim &**he” x1'L70.

$7.95 RFE

D. vacuum PumMP
& MOTOR

.
i

L
Rotary vane pump,
od-hoss meﬁPSﬁ MRx.

thermally protecied molor.
Mounled on a melal base.

Creates

tagh volurma

ol ar at

low pressuies,

or hight vacuum

for small enciosures.
120VAC. 60HZ. 1 Samp
3400RPM. Vacuum
approximalely 12" ol H2C a1
“Q" CMF, 9" of H20 at
25CFM and 27 of H20 at
S2CFM wih [*O55uTe S
open. An how speed 37
trom outhet. G000 11 pet
manuts Inted a1 lop 1%°L

F. oC STERPING
MOTOR

(e,

S > -

2 Phase-4 wwe fyps. Shall
acvances 200 steps /Py .

@ 28 amp 65 dey C rise.
ot que 72 ozin.
Own. 2%a"L v 2% 0D.
Shatt: " D« 'L
Mounls on 2%e” plale 15"

. 1.8 deg. st2p. lnput 1 AVDC 8

G. AC SYNCHRONOUS
STEPPING MOTOR

b

.‘ 1
120V, G0HZ. 11amp.
T2APM Torgue 700 ozfin.
Continuous duty, repil
slarbngd sioppeng and
reversing Slamkerss sieel
heyed shait: ' Oim x 2L

Mie GEA Gast
$39.95 AFE
H. CONSTANT VOLTAGE
TRANSFORMER
b
Protec your
compPuter from
YOlLage swoes
Save your
programs lrom
crastwng 500A-
© provioes 120VIBONT
continuousty. wih inpul
variahons &5 gredat as « f _
15%:, Input 95-130
or 190 260WAC.

MICTrocessor 624310
axpande: 2316 ROM and
more Charcoal grey key
caps with sound ransducel
Power reguirermenl S VDO
26 pn he 3o Conneckos

MIr Brolhers Ind Lid 556- Signal #BA19AGD1 #3954 Cim 47k 6% 0 790,
Contains an Bssortment of optical S0+ $14.95 NEW §24.50 NEW $14.95 NEW $19.95 RFE
elemanls that can be vsed lor many
PurpOSes InChudes tront suraced PUMPS —COMPRESSORS—BLOWERS —MOTORS—POTENTIOMETERS —COUNTERS
and partisty sivered mut0ss, Plastic TIMERS —RELAY S — VOLTAGE REGUL ATORS —POWER SUPPLIES
double conwx Pty lens (12
focallengibywngaced Mzl 0. 12v 8ATTERY P. TIMEX ¢ Q. « R
2 o . NCLAIR . 4% FULL « MAGNETIC
:Lr:erfnsu!ll-r:whrzra:do:oli:w?grm St PACK-NICKEL 1000 COMPUTER RANGE RECORDING TAPE
with ball eanng shah, conssing CAOMILIM SPEAKERS
Iwy dechs {1 wonsld Do suetabie as &
IOlatabis 1afeckr (with & tghl RowTe Pre-rg-
:ndtlguspmrmlr).gml corcdad bulk
daco™ effect AN of this gnd Mide 15 Factory 9.3 0z magrel. erased. by a
Rousad in & heavy cast white melal Pra. of ralurns 20 warts RMS . vatiaty of manuy-
anclkosure 14°L T 1% w g 9°H k. Y SR Frequency re- facturers such a8: Ampex,
Opens easdy wiih & screwdriver E‘-ﬂ‘g‘ m.g::"“ Utilizes sponse 50-10.000H2. 3M, or Scolch 77 Rodls
$39.95RFE Rec'harg. sate A5mA 2804 CPU {($0cketed) Fren a¥ response BEHZ 1800 ft.—1 ma 2400 11—
18:18 hors, Case whh ab 2016P and o1h#1 chiPs 8 O, Voce cod Dia 1° 78 mal. Bakers Doren
ouIput conneciions Owm: $14.95 RFE $15_00/pair NEW 13 reeis/ $9.95
S. 19" COLOR 2 o 62 Josepn St.. Moo N1 0707
X-¥ DISPLAY r GE m of SQuIY, A H ; NAL R 7074
reeyvl  American Surplus Trading (201532710
i i o i e o T
i AMERICAN SURPLUS TRADING, 62 JOSEPH STREET, MOONACHIE. N.J. 07074 MIMIMUM
1 YES! pioase send me the lollowing items: 00 My chech o money order I enclosed OR%E: i
o 3 : | ABC, | How | O Charge my creai card }
)y i = e Many? SeEwiptics e e ToLa e ] Dvaa OMasw: Carz RE-94
S : F e Carc Mo - .
1} — E«p Daw i
s 1 ]
Originally designed lor use In Atari : I: | e =
coin-opefated Games Contains & b } T Ara Code Humbe
19VLUP22 3-gun tolof lube iodc.tés R e P e T 2 g Wi
and beghtness controis Has - Tolsd Huwwr
tromagnetc defiection and sol B e | Stuppang and e 4D LIPS unlany I .
slate Circuilry with thees = 2™ amp CATALOG ol ]l A hawits Spec. e hadd $3 prus 1% dal Saoap
i0puls (red, green. biue). idesl | FREE echanical Canads $IpiiPP cost Cracgeony | | ) i
for arcade rePECement of, wilh | Sociro- with Sales Taz (N J resadents oniy —
the addion of sxiemnal crculiry. | ganices 507 n tiauie 40 6% of wis) Staie i
for color graphics deplay. \ gweryorder. Coocar e i i AN QU g trew CHIRIOG rQuesTS Call 201-939-2210
pry 008" __-
$129.00 NEW L —j For all phone orders. call TOLL-FREE 800-228-2028 ext. 825. in Nebraska, 800-642-8300 ext. 825.

o™ delay liming. 1 min.
mantmum seiling. Setlng
kol caltwated In 2 minyte
nc raments. 120VAC,
ML x 2% W x INH.
Base mount. Mir: Eaghe

Consisis of w 5° Dia. 1.5k,
120V healing stemenl. casl
o a mutl finned, heavy
white matal radiae: Cwn;
87 2. & 114" H_2-Hale
mounting MiIr: Electromode

e - , r (mccapis enner vohage)
el at 5+38 17L. Dim. wirg leads Mir Superior Cim &% Ona x 7L Mir: - ek -
s T ke Electric rMOSIFF-62018 Superior Electric #55400- | O Bl TH x TawrwW x
$59.95 RFE $37.50 NEW | "122U $39.95RFE | Mmir Sola.  $99.00 NEW
K. niGH cuaLiTy L. RESET TIMER M. HEATER/HOT PLATE! | N. 2av @ 6 Amp
INTELLIGENT 0-30 minutes AIR WARMER DL POWER
KEYBOARD SUPPLY
S¥nChronous., ‘ IrSusirial
Moo hd Qualdy-
m regulamed,
60 Koy Typewritar Layout accurat: ] varlab‘l:g
Ulilizes 8041 B bit adpsiable i output from -

20-28¥VDC Inpul 105-125
VAC. BOHZ Compact sohd
Sipe package with inlegral
TR tuse
PROIBCTON, W rinats Bhe
quick- conrct shoe on Ivpe.
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NEW PRODUCTS

GRAPHIC EQUALIZER/ANALYZER,
the Pioneer model $C-50M, is a
ten-band graphic equalizer thal
has been combined with a spec-
trum analyzer to evaluate and indi-
cate the acoustic settings for any.}.
room.

The model SG-50A1 uses its own
microphone and a built-in pink-
noise generator to determine
electronically the most desirable
acoustic settings for the room in
question. It then indicates ideal
frequency-output levels on a large
CIRCLE 121 ON FREE INFORMATION CARD fluorescent d|5p]ay Se“ings are

Ty Electric Mini-Drill
iT WON’T GIVE YOU ANY STATIC. This precision electric mini-drill is {deal for

prototype work; P.C. board revision and
redeslgn. solder removal; lead hole
cleaning; grinding and polishing.
Comes supplied with
epGo1  detachable finger
guard and 6
collets:

-

Platt introduces the ultimate static-free circuit board case®
. Circuit boards can now be transported safely from job to
job with protection from electrostatic discharge éSD) as well
as cushioned protection from shock and vibration.

Platt’s circuit board case is made of lightweight, handsome
jet black static free cotlon duck and RCAS™ 1200 Pink Poly
anti-static end shells.

Inside, circuit boards are further protected from damage
and degradation in a compact, static-free, cushioned environment.

The adjustable separators make it possible to carry a
number of circuit boards of varying sizes.

So, if you're looking for a way to safely carry sensitive
circuit boards, remember Platt’s case won't give you any static. |

Write or call Michael Platt for Use with transformer EDG-03
complete information on our great plan
new circuit board case and full
Pk LUGGAGE » DAVLE TECH INC.
*Patent E : TOOLS |
Professional casas for busingss and indust:
Tansig 2301 8, Prairie Ave. Chicagct')d 1il. 60615 D e . O
Toll free number: 1-800.232-1555
CIRCLE 89 ON FREE INFORMATION CARD CIRCLE 54 ON FREE INFORMATION CARD

WwWww americanradiohistorv comm
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made manually, and can be ad-
justed either by following the visu-
al recommendations or by setting
them for individual tastes.

The model SG-50M uses 10 slid-
ing frequency controls for precise
tonal adjustment. Each control is
illuminated by its own LED for
quick and easy visual reference.
The suggested price for the Pi-
oneer model SG-50A1 is $259.95 —
Pioneer Electronics, 1925 k. Do-
minguez St., Long Beach, CA
90810.

DIGITAL PANEL METER, the model
X-34 Thriftmeter, is an LED-readout
digital panel meter with a 0.5-inch
depth behind the case. The 3%-
digit, 2000-count meter features
automatic polarity Indication for
positive and negative input volt-
ages, out-of-range overload in-
dication, and accuracy to 0.001
volt.

CIRCLE 122 ON FREE INFORMATION CARD

The 0.563-inch LED readout,
with programmable decimal
point, is readable from 30 feet. The
meter is designed for scientific
analytical equipment, medical
equipment, and test and process-
control equipment, as well as ap-
plications for hobbyists and elec-
tronics experimenters. Calcula-
tions involving meter loading are
eliminated, in most cases, by the
high-impedance input.

The model X-34 Thriftmeter
comes with a case, red readout-
filter, and mounting hardware, and
is priced at $38.50.-—Non-Linear
Systems, 533 Stevens Avenue, So-
lana Beach, CA 92075.

TEST LINE SIMULATOR, model
7LS-2, is designed to provide a
telephone/telephone system in-
staller a means to perform opera-
tional and functional checks of
telephone and system installations
when central-office lines are not
available.

The model T{5-2 includes the

two lines are provided with sepa-
rate battery feeds; it accepts tone
and rotary input; it has a unique
station number for each line;
there is a ringing-voltage source
with short-circuitl protection, and
there are three ways 1o apply ring-
ing to on-hook lines. The TiS-2
sells for $290.00.--Teltone Corpora-
tion, 10801 120th Avenue, NE, PO
CIRCLE 123 ON FREE INFORMATION CARD  Box 657, Kirkland, WA 98033.

TEST SET, model HX-93, is de-
signed for testing installed cables.

following features: [t provides
loop and ground-start operation;

For Quality 32 or 44 Digit Hand-Held DMMSs

"
~ ask for
impson

47; Digit 474n
.03% Baslc DC Accuracy
219

3% Diglt 470m4

.15% Basic DC Accuracy

$139

FULL FUNCTION DMMs WITH THESE MOST WANTED FEATURES . . .

~ Full Measurement Capability

« 6 kV Transient Protection

~ Double Fusing System

~ Audible Contlnulty Indlcation

« Diode Tast Function

« User Englneered Range/Function
Selector Knobs

AT LEADING ELECTRICAL!/

4984 - OUR 30th ANNIVERBARY YEAR

» Large, Easy-lo-Read LCD Display
~ High Impacl ABS Case

» 2-Way Tilt Stand

~ Extended Battery Life

» UL Recognized Test Leads

+ Full Line of Optlonal Accessories
+ Full Simpson Warranty

ELECTRONICS DISTRIBUTORS

SIMPSON ELECTRIC COMPANY

A Katy Industries. Inc. Subsidiaty

853 Dundee Avenue, Elgin, lllinols 50120-3090
(312) 697-2260 « Telex 72-2416

Cable SIMELCO

CIRCLE 34 ON FREE 'NFORMATION CARD
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CIRCLE 124 ON FREE INFORMATION CARD

The unit features interchangeable
adapter plates for one cable end,
while the remote cable end con-
nects to a passive connector
block. All lines are checked elec-
tronically for shorts and opens, as
well as miswires. Testing can-be
initiated at either end; a pass/FaiL
indicator is included on the re-
mote-connector block.

Spring-loaded probes on the
tester assure reliable connection
to the adaptor plates. The model
HX-93 is priced at $1195.00.—Hol-
lex, Inc., 81 W. Wyoming Avenue,
MA 02176.

. THE SCOPE!
100 MHz 8-TRACE
4 CHANNEL
DUAL TIME

-y

“3]489% + $1199
TARFRON

ELECTRONICS

770 Amslardam Ava, New York, NY 10025
® Wwrite for FREE 112 page Catalag @

“GOCDBYE HITAGHI!

: 100 MHz, DUAL
| TRACE, DUAL

{ TIME BASE TRACE
: o, L pGeR

INTERFACE, model 200-C488, is an
IEEE-488 GPIB (General Purpose
interface Bus) interface that
provides talker-listener functions
for the full series of Bertan's ex-
panded 205A/210 laboratory high-
voltage power supplies now avail-
able. (Those supplies have output
voltages to 75 kilovolts and output

power to 250 watts.}
[g!!!!llllllllll

.. r
:[- A .’
Lo ol 0 8
CIRCLE 125 ON FREE INFORMATION CARD

Commands that are imple-
mented via the interface include
output-voltage setting, voltage
limit, and current limit. In re-
sponse to a controller requesi, the
interface supplies power-supply
status and output data. It can be
programmed to automatically shut
down a power supply and request

MODEL 1560P
« 1 mi .22

SHIPPING CHARGES
For Orcie, ADO
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60 MHz TRIPLE

service for an overvoltage or over-
current condition,

The model 200-C488 interface is
priced at $1,000.00.—Bertan Asso-
ciates, Inc., 3 Aerfal Way, Syosset,
NY 11791.

SATELLITE RECEIVER, the System
70, features detent tuning, polarity
control, a signal-strength meter,
built-in modulator, scan tuning,
and wide and narrow audio-filters.
Itis available either as the standard
model 70x or the stereo version,

CIRCLE 126 ON FREE INFORMATION CARD

model 70s, which decodes both
matrix and discrete stereo sound.

The System 70x is priced at
$750.00; the System 70s costs
$900.00.—Lowrance Electronics,
Inc., 12000 E. Skelly Drive, Tulsa,
OK 74128. R-E

4

. 40 MHz DUAL
' TRACE

{ MODEL 1540P

3559”5749

Send Purchase Oroer. Check.
Money Order or C.O.0

or Call Toll Free
800-223-0826

i N.Y. State 1212) 865-5580
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Here's a unique project that uses sound to detect motion. Use it with a burglar alarm, a door:
opener, or in a number of other applications.

DAVID M. BENZEL

1N IS ARTICLE. WE'LL BE LOOKING AT A
tow=¢ost munion-delecton sensor suitahle
lor & wide variety ol applications. Among
uther things. the proiect can be used 1©
detect intruders. tum nn the lights when
smReane enlers o G, or open a door
when it is appmached. Presently. five of
the units. conrolled by a KIM computer,
ane being used in vanous rooms of the
authors honse as a barglar alarm system
They have been in use successlully for
OVET U year,

Theory of operation

he theory behind this project is no
mew. In lact. the original idea for it came
uboul while discussing police-radur fun-
damentals. The basic principle behind the
operation of both police radur and this
pruject is the doppler shift. Most people
huve ohserved that effect at one lime or
another. Remember that Irsin whisile or
car horn thal sounds high pitched while

coming towand yuu. and drops 1o a lower
pitch as it moves away? That phenumenon

is caused by the doppler shifi. and 1he
change of frequency of (he spund can be
expressed mathematically Tor refleciion
from a moving object as follows:

where fi i the frequency of the retlum
wave. fi is the frequency of the source
wave, \r\, is the velocily of 4 sound wave
at 70°F at sea hevel and is equal 1o 1119
feet/second. and Vg is the velocity of the
maving object.

That same formula applics to any type
of wave by substituting the correet V!
i.¢. for radar using radio waves, YV, is
186.300 miles per secomd. The abune far-
mula simply means that if o wave of
khosen [requency is sent oul. the refllected
wave will be difterent in freguency if the
reflecting object is moving. Therefone by
having a device thal is able 1o dewermine if

the retlected winve isdiflerent tn lrequency
from the ane sent out. moving ohjects in
the runge of the device can be detected
The above formula provides imponant
inforinition for the choice uf bandwidihs
and cutolT frequencies. The salue for fo
for the project was chosen as 17 k2 be
cause Lhal is aboul whese the inexpensive
tweeters used stan 1o soll ot and because
that frequency is inaudible. or barely au-

dible. ta most people.

Seven miles-per-hour (o ten feet-per-
second) is a reasonable maximum speed
for 3 walking person. Substituting those
villues in the above equation, we can find
ihe runge of return freguencies. I moving
toward the source:

fa = 17.000 X 1139

ne-10 17153.9 Hz

If moving away from the source:

fn = 17.000 x “:“210 = 16849.4 Hz

The above values are used to determine

several component values in the eircuit
Referring o Fig. ba block diagramol the
circuil. the high-frequency handpass am
philicrs must be able o e [requencics
tromn abaut 16.5 Kilz w 17.5 ki while
altenuating all other frequencies. The
must be able W pass and amplify the
source and rellecied Trequencies. while
rejecting wther ones sich as talking. out-
side noise. e, The low-frequency ampli.
ficr must be able to pass
the frequen€ies of 17.2
hHz = 17.0 kHe und |
ktlz = 16.8 kHz, or lreguen-
cies from 0 to 200 liz.

The amuoum of audio
poser needed to dnve the
transmitter and anwwuol of
amplification needed 10 the
receiver. were determined
cxperimentatly. Incideotly,
be sure 10 use high-frequen-
cv Iweelens capable ol oper-

. aling al 17 kHz. Do not
substilute small radio re-
pliwement-speakers, as they
generally do ool have the
proper frequeicy nesponse,
The project was almost aban-
doned in ils carly stapes, due
10 msufficicnt semsitivity of
those small speakers.

Circuit description

The gircuit operales in a fairly straight-
forward manner. Tuming st 1o the re-
ceiver {see Fig. 2), the first stage isu high-
Q. high-gain bandpass amplifier. It
provides o vohage gain of abowt $00. The
aclive-filker componenis were scaled 0 17
kiHz and bandpass characieristics suitable
to pass the dusired 16.5 kHz to 17.5 kiiz.
while maintaining high attenvation ar
higher und lower frequencies. Note the
decoupling circuit at R2 and CI1. used 10
cnsure stability and to isolale the op-amp
from any supply noise. Capaciior C2 is
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FIG. 2—A TWEETER. 'SPKR'L ia used as & sound-gdeiection alement Y the receiver a3 shown in this
schematic.
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used to set the high-frequency rolloff
characterisiics of the op-amp and helps
prevent 1C1 from oscillating. Integrated
circuit IC1 should be a fairly high-fre-
quency op-amip: the same holds true for
IC2 and IC3. If you are substituting a
device other than the one specified. check
the manufactures data sheet to be sure it
has sufficient gain at 17 kHz. For n-
stance. a 741 op-amp would not work here
since its gain drops to a maximum of
about 40 at |7 kHz. Impedance maiching
and voltage step-up between the tweeter
{used here as a sound detector rather than
a sound source) and the first stage is done
by Tl, an 8-ohm/1000-ohm audio trans-
former. That transformer is placed in the
circust 50 that the B-ohm side is connected
1o the speaker.

The second stage is a high-frequency
amplifier with a gain of about 100. Low-
frequency attenuation is provided by C3
and R3. High-frequency attenuation and
stability is provided by CS5. Power-supply
decoupling is taken care of here by RS and
C4. The magnitude of the received 17-
kHz signal at this point should be about 4
10 8 volis R-P.

If there is a moving object in the range
of the device, there will be another fre-
quency present at the output of that stage.
In addition to the 17 kHz being reflected
from the walls, doors and other stationary
cbjects, there is also a weaker signal
whose frequency is determined by the
speed of the moving object. Those two
signals (a strong 17-kHz signal and a
weaker tdoppler signal) appear as an
amplitude-modulated waveform. Ger-
manium diodes D1 and D2 are used to
detect that AM signal, much like aerystal
radio.

The third stage is a variable-gain low-
frequency bandpass amplifier that rolls
off slowly below |5 Hz and above 200 Hz.
Those frequencies represent the average
range of dopplershified frequencies as
determined carlier in the article. That
stage uses a potentiometer, R6, to control
unit sensitivity; it varies gain from | to
about 200. The output of that stage should
be about 5 volts P-P. if there is motion in
the range of the device.

That AC signal is rectified by D3 and
D4. The DC produced by those diodes is
fed to an integrator. The integrator makes
sure that motion is detected for about two-
tenths of a second before setting off the
Schmin trigger (the fourth stage), That
ensures that random system noise and
room noise will not trip the unit. In addi-
tion, by placing Cé on the input of the
TTL Schmitt trigger. the unit will always
power up in the “not tripped” or still
mode.

The transmitter circuit (see Fig. 3) is
quite simple in operation. A 555 timer is
used as an oscillator to produce the 17-
kHz camier. [t is a good idea to use a
polystyrene capacitor for C26 (the .01pF
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FI1G. 3—THE QUTPUT OF Ihe LM380. IC1, Is used to allher drive 8 speaker In 8 stand-slone sysiem, or

an output amplifier in 3 multi-und system.

in the 555-oscillator timing circuit} to re-
duce frequency drift with temperature.
The signal can take one of two paths aftes
that depending on whether a single- or
multiple-unit setup is involved.

In single-unit systems, a 355 timer and
a single LM380, or other suitabie audio
power-amplifier, are used to drive the
tweeter directly (see Fg. 3} An LM380 s
a high-gain audio-power amplifier capa-
ble of producing about 3 watts of audio
power. Qther desirable characteristics of
that amplifier are that it requires only one
power supply, and its inputs are ground
referenced.

In the author’s set-up, which uses units
in five different rooms, the LM380 shown
in Fig. 3 serves as a distribution amplifier.
lis output is fed to a second 1LM380,
which serves as an output amplifier, in
each unit {sec Fg. 4).

The project requires 12 volts. Here. that
vollage was derived by feeding 14.5-17
volts from a wall-plug supply to a 12-volt
regulator housed in the receiver case.

One problem with that set-up is that the
system becomes disabled if power in the
house is interrupted. A solution to that
problem is to supply a battery back-up as
shown in Fag. 5. The circuit shown in that
figure will enable Bl, a battery pack made
up of 10 NiCd cells in series, to cut in any
time that power is interrupled. It will also
trickle charge the cells so that the batteries
will not become depleted during the long
(hopefuily!) periods between uses.

Constructlon

Although there is little that is critical
about the ¢ircuit, good construction prac-
tices should be followed. The authof’s
prototypes were built on perforated con-
struction boand and point-to-point wiring
was used with good results. Figure 6
shows the receiver and output-amp board
layout used by the author. Note thai R6
and LEDI are brought outside of the box
housing the receiver circuit and are ce-
mented to 1he cover of that box. Also Y-
walt resistors were used in the prototype.
As those resistors can be difficuit to come

c2¢ (¥
1000#/ 20¥ 1_

{FROM
DISTRIBUTION
AMPLIFIER-
SEE TEXT}

FIG. 4—IN MULTI-UNIT SYSTEMS, only 8 single
oscllistor/diatribution-emplilier is used. The
oulput from that circuit (shown in Fig. 5) s fed to
an output amplifier. such 33 the one shown here,
located in each uUnit.

P2V - .l O+ 12V
D8
07 L
Tvan Tl e o f il
R26
1.2¢ Bt
12¥ NiCd

-k

FIG. 5—A BATTERY BACK-UP will keep the sys-
tem active in case of 8 power inleruption.

by, we suggest using Y-watt units instead.

Here are some tips: The ground leads
should be of heavier wire to reduce induc-
tance. Make an atternpt to separate inputs
from outputs on the gain stages. Keep
leads short. Make absolutely sure to use a
regulated. filiered power supply as shown;,
remember, the three stages have a com-
bined gain of around 1,000,000. Ii is a
good idea to house the receiver in a
shielded box separate from the transmit-
ter. And be sure 1o use shielded cable from
the tweeter to the receiver.

Common parts arc used in this design,
and they are casy to obtain from a number
of sources. Where performance would not
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PARTS LIST

All resislors Yi-wall. 10% unless ather-
wise noled

R1, R4, R5—10,000 ehms, timmer poten-
tiometer

R2, R13, R29—180 ohms

R3, R7—1000 ohms

R6—200,00¢ ohms. potenfiometer

R8, R9—120,000 chms

R10, R11, R27, R28—3900 ochms

R12—150 ohms, ¥z watt

R14-R17, R23—470 ohms

R18—2200 ochms

R19, R24—1000 ohms, multi-tum trimmer
potentiometer

R20, R21, R25—6800 ahms

A22—20.,000 ohmS. mutti-turn trimmer
potentiometer

R26—1200 ohms

Capacitors

C1, C4, C12—150 uF, 20 volts, electrolytic

C2—10 pF, ceramic disc

C3, C15—.02 uF, ceramic disc

C5—6 p~, ceramic disc

C6—220 wF, 6 voits, electrolytic

C7—0.1 pF, ceramic dise

ca, C9, C16, C17—.0022 uF, polystyrene

C10—35 uF. 10 volts, electrolytic

C11, C22—.001 uF, ceramic disc

C13—2 pF, 10 volts, electrolylic

C14, C18, C27—10 uF, 10 voits, eiec-
trolytic

C19—100 uF, 20 vois, electrolytic

€20, C29—1 uF, 20 voits. electrolytic

C21—680 pF, ceramic disc

C23. C25—.01 uF, ceramic disc

C24—22 uF, 20 voits, electrolytic

C26—.01 kF, polystyrene

C28—100 uF, 20 voits, elecirotytic

C30—30 uF, 25 volts. electrolylic

Semiconductors

IC1-C3—LM301 operaticnal amplifier

IC4—T74LS14 hex Schmitt tngger

1C5—555 timer

IC6. IC7—LM3B0 operational amplifier

IC8—MC7812 12-volt regulator

M-D4, 06-DB—1N270 or 1N34A

D5—1N4733 Zener

LED1—green LED with hoider (Radio-
Shack €76-019 or equivalent)

Ti—transformer, 1000-ohm primary, 8-
ohm secondary (Radio-Shack
273-1380 or equivalent)

SPKR1, SPKR2—tweeter (Radio-Shack
40-1270 or equivalent)

Miscellaneous: Perforaled construction
board, metal project boxes (2), cabinet
malenats (see texd), wire, solder, etc.

be compromised, the least expensive suit-
able components were used. With careful
shopping, the cost of building a unit
should run aboyt $35,00, or less if you
have a well stocked junkbox.

The cabinel shown here and on the
cover was made out of acrylic plastic for
appearance reasons. 1he author's pro-
totypes, however, were made from
plywood, which is cheaper and easier to
work with. When you make your cabinet,
be sure that it is large enough to accom-
modate the two tweeters and the two
boards. The tweeters can be mounted on
the front panel of the cabinet with €ither

¥861 H38W3Ld3S
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FIG. 8—THE AUTHOR'S PROTOTYPE was bullt on perforated construction bosrd. Note that the unli
shown here, the recsiveroutput-smplitier comblnation vaed in multi-unit systems. s a prototype and

ditfers alightly from the tinal design.

screws Or glue. Be sure to cut holes out of
the front piece o allow sound to leave or
reach the tweeters unimpeded.

Clrcuit alignment

The casiest way to align the circuit is
with an oscilloscope, although it can also
be done with a YOM or VTVM.

Let's first check out the transmitter, re-
ferring back to Fig. 3 as we go. Power up
the transmitter with the speaker con-
nected. If the circuit is operating, there is
a good chance a loud high-pitched tone
will be emitied from the tweeter, so you
may want 10 4o this part of the checkout in
a secluded pan of your house! Connect
your test instrument to pin 3 of the 555
timer. If using a scope, you should see a
12-wolt PP squarewave. If using a VOM,
you should see about & volts on the DC
scale. Moving on to the outpul of the
[.M380, connect 1o the speaker side of the
cutput coupling capacitor. When using a
scope, you should see a fairly distorted
sinewave of about 10-volts PP, If using a
VOM, there should be abourt 3.5 volts on
the AC scale. The level control of the line
driver and/or output amplificr should be
adjusted to obtain the above values. If you
have a frequency counter, adjust the fre-
quency potentiomeler to get about 17
kHz. If you don't have a counter, a rough
adjustment can be made by uming the
frequency potentiomcter so that a loud
high pitched tone is heard. Then adjust the
potentiometer so that the tone gets higher
in frequency. Continue tuming the pot
until you can barely hear the tone pro-
duced. For the average.car, you should
now be adjusted to around |7 or I8 kHz.

Receiver alignment is almost as
straightforward as the transmitter. You
probably noticed that Tl is not located on
the receiver board. To save room on the
circuit board, it is mounted on the receiver
tweeler. Connecting the receiver tweeter
to the receiver board and applying power
to the unit. we are ready 1o proceed. Note:
to align the receiver, the transmitter must
be operating as it is the signal source. [t
will help o have both tweeters pointing in
the same direction and away from moving
objects. Also, try to point them toward a
wall or surface that is no less than 10 feet
away.

First of all, the DC-level potentiome-
ters, R1, R4, and RS on all the op-amps,
should be adjusted. Disable the ransmil-
ter for thuse measurements since they are
DC adjustments. Starting with 1CI, a
scope or meter should be connccted to pin
6 of each respective op-amp. Adjust 1C]
and 1C2 to read about 5.25-volis DC. Ad-
Just IC3 to get about 6-volts DC.

Now tumn on the transmitter. Looking at
signal at pin 6 of IC1 with a scope, you
should see some indication of a 17-kHz
sinewave. You shouid be able to see some
small areunt ©n the AC scale of your
VOM or VTVM. Depending on your
nwter, you may need to put a 1-pF capaci-
tor in series with the meter to block the
DC level at the measurement points. If
you se¢ no signal at that point, it is time 0
adjust the transmitter frequency to obtain
maximum signal, [t will help to point the
transmitter tweetcr directly toward the re-
ceiver tweeler.

Assuming you have a 17-kHz signal at -

ICI, we ean now check out 1C2. Connect
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your scope or meter to pin 6 of IC2. You
should see several volis of 17-kHz signal
atthat pin. Next we ] set 1he 555 frequen-
cy and the transmutter-output level. Point
both speakers in the same direction, away
from nearby objects. Observing your
scope or meter. make sure the signal level
is less than 7-volts P-P on the scope of less
than 2.5-volis RMS on the AC meter. Ad-
just the transmitter-level control to obtain
those voltages. Now adjust the transmit-
ter-frequency control for maximum in-
dication on your scope or meter. That is
the final setting for the frequency potenti-
ometer. Be sure to have the level potenti-
ometer st for about 7- volts P-Pat1C2. Tt
is interesting at this point to observe the
amplitude modulation of the 17-kHz sig-
nal that is caused by movernent,

On to the final amplifierstage. Detecior
diodes DI and D2 and the following low-

frequency bandpass filter feed a signalio

IC3 that is proporticnal to the low-fre-
quency amplitude variations of the 17-
kHz carrier. IC3 amplifies that voltagetoa
useful level. Connect your scope or meter
1o pin 6 of 1C3. With the sensitivity con-
trol set to mid-range, you should see
about 1-volt P-P or ¥-volt RMS, which
represents circuit noise etc. Moving your
hand in front of the speakers should cause
the output of thts stage ta hit both rails.
Your scope should sec a squarewave down
to about | volt and up to about 11 volis
when a moving object is near the tweeter.
An AC voltmeter should see greater than 3
volts with nearby movement.

The last stage of the receiver is a
741814 Schmiu trigger, 1C4. Its signal
comes from diodes D3 and D4, which
rectify the low-frequency AC of the pre-
vious stage. The outpul of the diodes is
connected to an integrator. which is con-
nected to the input of the 74LS14. If all is
well. when the voltage at that point
reaches about 1.7 volts, pin 4 of IC4 will
go high and LEDI will light, indicating
mevement in front of the detector.

Intertacing

Interfacing the unit to the outside world
is a matter of preference. Using an intrud-
€ alarm as an example, the casiest way o
do something useful with the circuit
would be to connect the output directly to
a "noise maker” of some type. You would
probably want 1o have an ouside hidden
or key switch to tum the unit on or off.

A more sophisticated approach would
be to drive a one-shot (possibly made
from the unused sections of the 741.S14
and some capacitors) to keep the alarm on
for a minute or so to ensure that the intrud-
er leaves! In the author’s home, a KIM
computer and Interface provides power
and monitors the cutputs of five units. A
one-key code on the KIM keypad enables
the units when the house is empty, and a
six-key code tums off the units when the
house is occupied. R-E
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Electronic Measurements
In Medicine

Ray Fish, Ph.D., M_D.

A VARIETY OF ELECTRONIC MEASURE-
ments are made en people who are ill or
injured. Those measurements tel] the phy-
sician, nurses. and other health-care per-
sonnel much needed information about
the condition of the patient that would not
be obvious from outward appearances.
This article will discuss some of the mea-
surements that are routinely used in many
hospitals today.

The first article in this series deseribed
the anatomy (structure) and physiology
{function) of the heart. The manner in
which electrical signals originate in heart
cells and cause contraction of heart mus-
cle was described. Problems with heant
thythm, including cardiac arrest. were
discussed. This arnticle will g0 into more
depih in telling how electronic instru-
ments are used 0 measure the effec-
liveness of cardiac (heart) and pulmonary
{lung) funciions. The imponance of mea-
suring blood pressure, as well as blood
flow, pH, and gas content in various parts
of the body will be expiained. The tech-
niques used for measuring those and other
physiclogical parameters will be exam-
ined.

The electrocardiogram

The electrocardiogram is 2 record of a
voltage that's oblained by connecting
wires (clectrodes) to a person’s Chest,
arms, and legs. That voltage is generated

by heart-muscle eells. Much about the
functioning of a person’s heart can be
learned by studying the electrocar-
diogram.

Figure | shows a standard. normal €lec-
trocardiogram, Twelve different voliages
are recorded. being measured from stan-
dard combinations of 10 electrodes placed
at prescribed locations on the skin surface
(a subject to be explained in another arti-
¢cle). Three types of problems caused by
the recording equipmient can be seen here.
In traces 1 (Fig. 1-a 10 Fig. 1-d} and IlI
(Fig. 1-i 10 Bg. I-1} high-frequency sig-
nals from muscle tremor can be seen. In
Fig. 1-f. 1he baseline is not positioned
properly. leading to pinning of the pen at
the bottom of the tracing. In Fig. I-k. the
baseline has shified at A, possibly Juc to
movement of the electrode. The square
pulse at the end of the tracings (Fig. 1d,
Fig. 1-h, and Fig. 1-1} is a 1-millivolt cal-
ibration sigmal. Modern elecirocar-
diograph machines will print out the 12
tracings, as shown in Fig. 1, after the elec-
trodes are connected and one buuon is
pressed. The signals can be interpreted by
a computer with surprising accuracy.

With myocardial infarction (a heart at-
tack). one of the aneries 1that supply blood
throughout the thickness of the hearnt mus-
cle becomes blocked. That blockage
causes a lack of oxygen and nutrients in a
portion of the heart muscle. The injured
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Learn all about the measurements, electronic
and otherwise, that doctors use to monitor the
health of sick or injured patients.

cells may not conduct electrical signals
{mav not depolarize) as they should. At
other times., the injured cells become imi-
table and depolanze more frequently than
they should. Thus, a signal to depolanze
may be blocked. Also, exira signals may
cause inappropriate ¢oniractions and
harmful signals to propagate throughout
the heart muscle.

Similar problems can occur with any
condition that interferes with oXygen or
blood supply to the heart. Thus. the heart
will often develop unusual thythms (dys-
thythmias or arrhythmias), function
weakly, or stop when there is fack of oxy-
gen. Lack of oxygen may occur due 1o
poor breathing, drugs, head injury. chest
injury. drowning, or lung wouble. Ar-
thythmias can also occur as a result of
injury tothe heart, blood loss, or dehydra-
tion (depletion of body water). The heart's
electrical function and strength are also
prediciably affecied by an imbalance of
salts and othes subsiances in the bliood
such as calcium and potassium. Many
drugs affect the electrical function of the
heart.

The electrocardiogram is one micans of
electronically monitoring the patient with
a myocardial infarction or other hean
problem. The electrocardiogram does not
tell the whole story, however. Somelimes
the elecirocardiogram will look normai
but the person will be having significant
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FIG 1—ELECTROCARDIOGRAM TRACINGS. Shown here are the 12 vottages taken when the siandard

10-eiectrode system is used.

problems. Otheér measurements of the
heart function must be made.

The heart is the pump that moves blood
throughout the body. As shown in Fg. 2.
the heart receives blood from the body.
Blood from the top half of the body comes
to the heart through the supefior vena
cava. Blood from the bottom half of the
body comes from the inferior vena cava.

Figure 3 shows a chest X-ray in which
an intravenous catheter has been placed
through the subclavian vein Into the supe-
rior vena cava. The catheter is a plastic
tube that is connccled 10 a bag of sterile
fluid (see Fig. 4). A manometer {cali-
brated plastic tube) connected to the intra-
venous tubing can be used to measure the
pressure in the superior vena cava. An
clectronic pressure transducer can also be
used, as shown in Fig. 4. The pressure
measured is referred to as the central-ven-
ous pressure {CVP). In a person who is
dehydrated or has been bleeding, one
would expect that blood return to the heart
will be decreased, and the central-venous
pressure will be low. If a person had re-
ceived too much intravenous fluids, or if
the heart is 100 weak o pump out the
blood relurning to it, the ceniral-venous
pressure will be abnormally high. The
central-venous pressure is normally § to
12 centimeters of water. The measurernent
is made with the person laying down,
using the level of the right atrium as the
Zero-pressure level.

After returning to the heart, blood first
goes into the right atrium. The right
atrium is the first of the four compart-
ments, or “chambers” of the hcart

SUBCLAVIAN ARTERY

SUBCLAVIAN VEIN

SUPERIQR VENA
Cava

INFERIQR VENA CAVA

LIVER ==—"

~IJGULAR VEIN

CARDTID ARTERY

HEART

AORTA

SPLEEN

LEFT KIDNEY

FEMORAL ARTERY

FEMORAL VEIN

FIG. 2—CIRCULATORY SYSTEM. Some of the major arteries and veins that carry blood throughout the

body are shown here.
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TUBE IN TRACHEA
FOR BREATHING

CATHETER IN
SUBLLAVIAN
VEIN

CATHETER IN
SUPERIOR CAVA

RIGHT LUNG

/

LIVER UNDER
DIAPHAAGHM

ECG
ELECTRDOE

FIG. 3—THIS X-RAY shows an intravenous caihaier ihot s hoets placed throu@h the Subclavian veir

Int0 the superior vena cava.

MANGMETER
150 -
g
INTRAVENDUS] 50 Elsgtﬁgggaéc
FLUIAS (4}
TRANSDUCER
CATHETER
e

DPENING FOR

BALLDON / ’,

INFLATING v

AND DEFLATING gL 0ON-SURRDUNDS
THE CATHETER NEAR
TS Tlp

FIG. ——CROSS-SECTIONAL OIAGRAM of an In-
travenoud catheter, Pressure measurements
and blood samples can be taken from the side
port or the tip.

through which the blood will pass. Blood
goes from the right atrium to the right
ventricle. The tricuspid valve keeps the
bloed from flowing backward. The right
ventricle will pump blood to the Tungs.

Pulmonary-artery wedge pressure

If a catheter was inserted im the superior
vena cava and advanced further. it would
go into the right atriumn, the right ventri-
cle. and eventually through the pulmo-
nary anery. The catherer would wedge in
one of the smallcr branches of the pulmo-
nary artery (see Fig. 5). If a balloon near
the tip of the catheter were iuflated, the
pressure measured in that wedge position,
the " pulmonary-artery wedge pressure,”
would be indicative of pressures in the left
atrium and left ventricle. Commercially
available catheters are used 10 make those
measurements and o obrain blood sam-
ples from various locations along the
length of the catheter by means of mulii-

ECG WIRE

SHOULDER

ECG ELECTADDE

TUBE CONNECTED TO
SUCTSON TO EXPAND -~
COLLAPSED LUNG

ing additional intravenous Auids will just
put more of aload on the heart, leading to
pulmonary edema. On the other hand, in
other patients with myocardial infarction
and low biood pressure. the reason for the
low blood pressure is that the person is
dehydraied. That person needs tobe given
fluids.

Dehydration 15 a lack of fluids in the
body and can be caused by a number of
conditions that accompany myocardial in-
farction (and many other illnesses); those
conditions include sweating, decreased
liquid intake due to nausea or being too
weak to eat and drink, and losses due to
vomiting. Dehydration can be made
worse if the person is taking blood-pres-
sure medication (diuretics or " water
pills™) thal causes increased urination.

The central-venous pressure measure-
ment will not always be sufficieut todeter-
mine if there is fluid overload or dehydra-
iion. The reason for that is thai some

_CATHETER [N LEFT
“ SuBCLAVIAN VEIN

CATHETER IN
SUPERIOA VENA
Cava

CATHETER IN
ULMONARY
ARTERY

CATHETER IN
RIGHT VENTRICLE

FIG.5—THE CATHETER In this X-ray has been place wecged in one of the smaller branches of the
pulmonary artery in order 10 measure the pulmonary-8rtery wedge pressure.

ple channels (side ports) within the
catheter.

The pulmonary-artery wedge pressure
measurement is valuable in patients with
myocardial infarction because im such pa-
tienws it often happens that the left ventri-
cle does not function strongly enough to
pump bicod out of it. The pressure in the
lungs becomes abnormally high, al-
though this might not be reflected in the
central-venpus-pressure measurcments.
It is important to notice as early as possi-
ble when the wedge pressure becomes
high, as high pressures will lead to the
ieakage of Auid into the lung tissue. The
fluid leaks iuro the lung tissue because of
the high pressure and interferes with oxy-
gen intake and carbon-dioxide removal
from the blood. The condition of fluid in
the lungs is common in heart attacks, but
occurs at other times alse. The condition
is known as congestive heart failure or
pulmonary edema.

At times, a person with a suspected
myocardial infarction will have a low
blood pressure. [t may be that the left
ventricle 1s simply 100 weak to produce a
normal blocd pressure. In that case, giv-

WwWwWw americanradiohistorv comm

people with lung disease chronically have
higher than normal central-venous pres-
sures, even when they are somewhat dehy-
drated. In other patients, with normal
central-venous pressures, the overload of
the weakened left ventricle is not reflected
in the central-venous pressure measure-
ment carly on because the right ventricle
is functioning well.

In the patient with suspected myocar-
dial infarction and low blood pressure,
giving fluids can be harmful or can be of
great help. Whether fluids are nceded or
not can be detennined by measuring the
pulmonary-artery wedge pressure, [f the
pressure is low, it is an indication that the
left ventricle is not pumping out encugh
blood because there is not enough blood
going to it. More fluids would help this
situation. If the pressure is high or nor-
mal, it indicates that additional fluid
would just overload the left ventricle
more; the problem is a weak left ventricle,
Thus. measurement of the pulmonary-ar-
tery wedge pressure can tcll the physician
whether the patient needs more or less
fluids 1o comrect the low-biood pressure.

Measurement of the pulmonary-artery
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wedge pressure is accomplished with a
catheter Placed as shown in the chest X-
ray in Fig. 5. The end of the catheter
outside the body is connected by a saline
filled tubing to & pressure transducer. The
pressurc waveforms occurring with each
heartbeat as the catheter moves from the
right atrium to the pulmonary artery are
shown in Fig. 6. The pressure is measured
in mmHg (millimeters of mercury). When
the end of the catheter is wedged into a
small branch of the pulmonary artery, the
balloon at the end of the catheter is inf-
lated. The resulting pressure is the pulmo-
nary-artery wedge pressure.

Figure 4 shows how measurements are
actually made using & catheter. Catheters
used to measure the pulmonary-artery
wedge pressure have several channels,
However. even if the catheter had just one
channel, it would be suitable for giving
fluids. drawing blood samples, and mea-
sufing pressures. The pressure micasure-
ment can be made by connecting the
catheter through tubing and switchable
connectors to a fuid-filled manometer.
The manometer is simply a plastic ube. If
the zero-pressure mark on the manomeler
is held at the level of the patient’s right
atrium {the mid chest), the fluid in the
manometer will rise 1o a level equal to the
pressure at the end of the catheter which is
in the body. Instead of a manometer, an
clecironic pressure-transducer can be
connected. Oscilloscope monitoring and
strip-chant recording of pressures ¢an then
be done.

To leamn about cardiac function in an
acutely ill patient. the blood pressure is
often measured in the superior vena cava,
and in the pulmonary and systemic ar-
teries. The systemic aricries are the
branches from the aorta, such as the
femoral or radial {wrist) arteries. Those
measurcments are done with catheters
similar to that shown in Fig. 4.

Cardlac cutput measurements

The actual function of the heart ¢an be
determined by measuring the cardiac out-
put; the blood flow coming from the heart
as mecasured in liters-per-minute. The
measurement of cardiac output can be ac-
complished by injecting & known amount
of sterile solution of known lemperature
into the right atrium or superior vena cava
and measuring the resuliant change in the
blood temperature in the pulmonary ar
tery. The change of temperature over time
is measured by a therrustor near the tip of
the catheter. The change in temperature
over time will depend on the amount of
blood flowing . Calculations are made by a
**cardiac-output computer T using the data
from the thermistor. That is known as the
thermodjlution technique of measufing
cardiac output. A dye-dilution technique
involves injecting a colored dyc and cal-
culating cardiac cutput in a simtlar fash-
10m.
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FIG. 6—THE PRESSURE WAVEFCARMS that o¢-
cur with each heaartbeat as the catheter ks moved
trom tharight atrium 1o the pulmonary artery are
shown here,

Blood gases

The lungs add oxygen to the blood and
get rid of the wasic gas {carbon dioxide)
that the blood had accumulated while
going through the body. Blood retums to
the left side of the heart from the lungs. It
is common to measure the content of oxy-
gen and carbon dioxide in 1he blood. The
acidity. or pH, is measured along with the
oxygen and carbon-dioxide levels. Those

three measurernents are called the “blood-

gases.”

Blood passes from the left atrium to the
left ventricle through the mitral valve, The
left ventricle can then pump blood to the
body through the aortic valve. The largest
artery in the body, the aorta, divides into a
succession of smaller arteries, then capill-
anes, then veins. The veins come together
to form the great veins which retumn blood
directly to the right atrium. Thus, the ¢y-
cle is completed. The actual exchanging
of oxygen beturen the blocd 2nd the body
occurs at the capillary level.

Anterial blood gases are commonly ob-
tained by sticking a needle into the radial
artery al the wrist, the brachial artery at
the elbow, or the femoral artery al the top
of the thigh.

Oxygen measuremenis

The air we breathe contains 21% oxy-
gen. The brain will be damaged by a lack
of oxygen for over five minutes. A low
level of oxygen in the blood will cause
mental confusion and poor cardiac func-
tion. A person may have a low oxygen
content in the blood because of injury to
the lungs, pulmonary edema, pneumonia,
and a variety of other acute conditions.
‘The situation may be worsened if the per-
son has chronic lung discase, It is desir-
able to give oxygen L0 a person who needs
i, hut giving too much oxygen can be
harmful: if given 60% oxygen or more for
over 24 hours, the lungs will start to be
damaged. Just how much oxygen is
needed can be determined by measuring
the content of blood in the areries. the
arierial blood gases. If a person needs
over 60% oxygen, it can be given for a
short time of lesser amounts of oxygen
can be given under pressure. Also. the
underlying problem can be corrected.

Measuning the oxygen content in the
right atrium and right ventricle can deter-
mine if there is a hole in the wall between
the right and left ventricles. The wall is

WWWwW americanradiohistorv comm

called the septum. A hole in the septum is
called a “venincular septal defect,” or
VSD, ¥SD's can occur at birth as a con-
genital problem or can come as a result of
a myocardial infarction which damages
the seplum. One would expect that the
content of oxygen in the right atrium and
right veniricle would be the same. If the
content in the ventricle is greater, it would
suggest that oxygenated blood from the
left ventricle is going into the right ventn-
cle through a VSD.

The measurement of oxygen in the
blood can be done within minutes by
blood-gas machines. Electrodes made of
various materials can measure the oxygen
or carbon-dioxide content of the blood.
Other electrode arrangements can miea-
sure the oxygen and carbon-dioxide con-
tent of exhaled air. The pH of the blood is
also measured with electrodes made spe-
cially for that purpose. Electrodes can be
pasicd on the skin to measure oxygen con-
tent of the blood. Digital readouts of the
partial pressures of oxygen and carbon
dioxide along with the pH are pninted out
automatically by modem blood-gas ma-
chines.

Carbon-dioxlde measurements

Normally, people breathe in response
10 the amount {partial pressure) of carbon
dioxide in the blood. In some patients
with chronic lung discase, the ability to
maintain a normal partial pressure of car-
bon dioxide has been losi. In those pa-
tients, the body has leamed to regulaie
breathing in order to maintain an adequate
amount of oxygen in the blood. Those
people with chronic lung disease have cle-
vated levels of carbon dioxide in their
blood.

The content of carbon dioxide in the
blood gives an indication of the efficiency
of breathing. Carbon dioxide diffuses out
of the fungs much more easily than oxy-
gen cnters, 50 a person with an acutely
high carbon-dioxide level is really having
trouble breathing. That can happen in a
patient with Chest traunta, drug overdose,
pneumonia, o pulmonary edema, but
probably occurs most frequently in pa-
ticnts with asthma. When an asthmatic
tires of breathing and has an even slightly
elevated anterial carbon-dioxide level that
does not respond 1o treatment within an
hour. the person must be put on a respira-
tor until the condition improves.

Carbon dioxide combines with water to
form carbonic acid, which in tum can
combine with sodium 10 form sodium bi-
carbonate. Those chemicals conslitute
one of the major acid-base systems in the
blood. Decreased breathing will Icad toan
increased carbon-dioxide level in the
blood. That in um will lead 1o an acid pH,
a pH of less than 7.40. That is refemred to
as a respiratory acidosis. Let’s find out
more about acid-base balance in the body.

coniinued on page 81
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THERE'S NO GETTING AROUND THE FACT
that as modern electronics becomes more
and more sophisticated, batteries have be-
come an increasingly impontant part of the
electronics world. The development of
CMOS and all the other low-power tech-
nologies have changed even the way we
buy batteries—these days, it isn’t as easy
as just zipping down to the supermarket
and pulling the right-sized blister pack
from the rack.

Modern batteries come in a mind bog-
gling ammay of configurations so there are
are lots of ways you can categorize them.
Probably the most basic categorics are
“throw-away’" and '‘rechargeable.”
There can be a major difference in cost,
capacity, and characteristics between
those two types. Deciding which one is
best suited to your particular application
requires a good understanding of each.
This month, we'll look at the throw-away
or disposable battery.

Before we go any further. though, we
should point out what we mean by the
words “battery” and “cell.” A celf is the
basic building block of a battery. A bat-
tery is generaly thought of as a single,

What's
" New in

ATTERIES

Ever since electricity was first
discovered, people have
been working on ways {0
store it. Let's take a look at
today's battery technology
and how you can choose the
right battery for your
application,

ROBERT GROSSBLATT
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integral unit made up of one or more cells.
If a single cell is packaged with termina-
tions and insulation (such as a "D’ cell}.
it can be correctly called either abatiery or
a cell.

Disposable batteries

Disposable (non-rechargeable) bat-
terics are availablc in a huge range of
sizes. And as if that wasn't confusing
enough, every onc of those sizes is avail-
able with a variety of electrochemical sys-
tems {what we'll call ““chemistries™). And
even if the voltages of (wo batteries with
different chemistries are the same, just
about every other characteristic—from
the power capacity (o the price—can be
different. Like most things. you get what
you pay for—more power means miore
bueks

So far I haven't said anything ecarth-
shaking, but let me give it a shot: For

_some applications, batteries that use the.

mare cxpensive chemistries won't per-
form any better than cheaper batteries. As
we'll soon see, batlery life isn't always
dependant on the batlery type.

The voltage of a disposable batiery, no
matter what the chemistry, is always
stamped on the package. What is {almost)
never stamped anywhere is the other es-
sential piece of information you nced to be
able to make an intelligent choice about
which battery to use: that is the amp-hour
capacity.

The amount of energy that a battery can
deliver (sometimes called its service ca-
pacity)is usually expressed in amp-hours,
or milliamp-hours. It would be nice if the
amount of power available from a bartery
was a fixed amount, kind of like a pail of
water. Unfortunately. things aren’t that
simple and when you're dealing with bat-
teries of any kind, linearity is usually out
the window.

How much current you can get from a
throw-away battery depends on a number
of things:

The temperature of the batiery.

The rate of discharge.

The chemistry of the batery.

The trequency of use.

What you call a dead batlery.

. Other stufl.

In order to give us a starting point, we
decided to find the shor-circuit current of
disposable batieries of different sizes and
chemistries. Table 1, which lists short-
circuit currents. is the resultof sacrificing
a bunch of new bareries on the alier of
science. Even though you would never use

Poawn

Slze Ak
Type Zinc Alkaline
Rated voltage (volts) | 1.50 1.50
Measured voitage 1.49 1.56
{volts}
Short-Circult current |  4.40 7.70
{amps}

a baitery in a short-circuit Situation, we
felt that it would be a good starting point
for understanding just how much elce-
tricity we're talking about.

Of course, Table | doesn’t list aff avail-
able battery sizes and chemistries. but the
batteries listed are the most commonly
used. The figures for other battery sizes,
suchas “"AAA" and "N™ will be less than
those listed for "AA™ cells since they're
smaller and, consequently, their encrgy
capacity is less.

There are two main things that stand out
when you look over Table |, The first is
that the amount of energy stored in any of
the batteries is surprisingly large, Sec-
ond. you can see that the chemistry of the
cell makes a iremendous difference to the
total amount of energy that you can pack
into a bartery.

Battery construction

the electrolyte, the battery will explode.
It's as simple as that.

The outer cases of all baticries are made
out of steel because the gas creates pres-
sure. {Alkaline batieries, as shown in Fig.
2 also have an inner case.) If the jacket
wirps and destroys the seal of the case, the
electrolyte will dry out and that will be the
end of the battery, But that's not the only
problem. Some of the chemicals used in
the cell are dangerous and a blown seal
micans that they'll leak. Since a lot of
batiery changing is done by children, it
pays to make sure that you don't abuse the
battery.

Battery lite

The short-circuit ¢current shown for the
batteries in Table 1 is, unfortunately,
nothing like the working current. Re-
member that the unit for measuring bat-
tery capacity is the amp-hour—a product

_The internal construction of most____of cument and time. And as mentioned

throw-away batieries is very similar:
Basically you have two electrodes sepa-
rated by an electrolyte. The construction
of a typical disposable celt is shown in
Fig. | and the chemicals used in the vari-
ous cells are listed in Table 2. The clec-
trolyie used in all the ¢ells has (wo basic
purposes.

First and foremost, it is the curment-
conducting medium between the elec-
trodes of the cell. But the chemical reac-
tion that produces the current also
generates gas as 8 by-product. The second
main job of the electrolyte is to absorb ihe
gas. The warnings on the side of baticries
about excessive drain, recharging. and so
on are all related to the gas. If gas is
produced faster than it ¢an be absorbed by

CATHODE

SEAL

]
METAL
BOTTOM
FIG. 1—ZINC-CARBON CELL CONSTRUCTION
This cutaway view shows that iha standard cell
consisis, basically. of twa electrodes and clec-
rolyte.

ELECTROLYTE

TABLE 1—~TYPICAL DATA

c D
Mercury Zinc Alkaline Znc
1,40 1.50 .50 1.50
148 1.50 155 1.48
10.3 5.50 9.70 £.80
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before, the rate of discharge is going to
have a major influence on the useful life of
the battery. As a general rule for all dis-
posable cells, the more current you pull
from it, the shorter its life is going to be.
There's a fixed amount of energy available
in a new battery and the lower the current
drain, the more efficiently the battery can
convert its stored energy into electricity.
Heavy drain mieans that some of the ener-
gy is going to be transformed into heat,
the conductivity of the €lectrolyte is going
to decrease, and other factors are going Lo
all contribute to a significantly shortened
baitery life.

Figure 3 is a graph showing the dis-
charge rates for both a carbon-zinc and
alkaline “C" cell. To obtain data for the
graph. an appropriately sized resistor was
used 10 load the cell and the time for the
cell voltage to drop one volt was mea-
sured. The graph clearly shows that both
types of cells are more efficient at lower
current drains. It also shows that at low
current drains, the efficiency of carbon-
zin¢ and alkaline cells is preity much the
same.

Translated into more practical terms,
the less current your circuit needs to oper-
ate, the less of a difference there is be-
tween the efficiencies of carbon-zinc and
atkaline cells. So unless your device
draws a lot of current (like a photo flash.
¢ic.,) there's no reason to spend the extra
money for alkaline cells.

Don't forget that the graph was ploted
by putting the batieries under a consrans

v
Alkaling Zinc Alkaline  Mercury
1.50 9.00 9.00 8.40
1.58 8.90 9.20 8.41
14.8 Q. 1,40 1.70
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TABLE ?—ELECTROCHEMICAL SYSTEMS

Cail Anode Cathode Eieclrolyte

Ji n Zinc Manganese Dioxide  Ammonium and Zinc
Chiorides

Alkaline Zint Manganese Dioxide  Potassium HydroXide

Mercury Zinc & Mercury Mercuric Oxide Potassium Hydroxide 8 Zinc

EPJKEL"E PLATED
1 r/ CASE

| SLEEVE

INNER
CASE

INSULATOR

EEL 80TTOM PLATE

FIG. 2—ALKALINE CELLS are bullt with an inner
case. making them maore rugged then zinc-car.
bon cells,

250 350 450 550 60O
TIME-HOURS
FIG. 3—ENERGY DISCHARGE CURVES for typ-
Ical slkaling $nd carbon “C™-sized cells show
thal tor low-curren! applications, there In not
much diffsrence betwean Iha fwo types.

CURRENT ORAIN -MILLEAMFS

0 =L
0 5Q 150

current drain. So the batery life time
shown is for a worst-Case sitwation. A
more realistic west might include rest time
for the battery. The amount of rest time
would have a large effect on the life of the
battery.

The more rest time the battery has. the
longer it's going to last. There's nothing
really surprising aboult that and anybody
who owns a car is familiar with the occa-
sionally miraculous recuperative powers a
battery witl exhibil when it has a bit of
time off. Treat the information in Fig. 3 as
a guide rather than the gospel. The data
there reflects constant current draw—
worst case operation. You can only do
better.

in Fig. 3, we chose a cutoff point of one
volt. If your circuit can operate with less
voltage, your results. naturally enough,
will be better. If you're feeding raw bat-
tery voltage inlo a regulator. what your
cutoff point is will depend on how far the
battery voltape is above the regulated volt-
age. If you can live with a cell voltage of
.5 volt. for example, you ¢an reasonably

Oxlde

expect your usable battery life 10 be more
than twice as long.

Temperature is a major consideration in
judging bantery life. [t's also one of those
things thal everyone has a tendency to
ignore. Every data sheet 1've ever seen
lists acceptable temperature ranges for the
operation of various devices and every-
body | know pays almost no attention to
the information. {Maybe it's because we
don’t have any control over the weather.}
In any event. since a baitery produces
€iectnicity as a result of a chemical reac-
tion, the lower the temperature, the slower
the reaction, and the less electricity the
battery is going to produce. The effects of
that are often quite dramatic. Once again,
all of us with cars are farniliar with what
starting the car is like on a cold winter
moming!

The effect of temperature on the capaci-
ty of a battery varies with different cell
chemistries. Apain another general rule:
The more constant the voltage of the bat-
tery under load, the less cffect tem-
perature will have on the ability of the cell
to deliver current.

Figure 4 is a praph that compares the
twe extremes among the common dis-
posable batteries. carbon- zine and mercu-
ry. It's immediately obvious that the zinc-
carbon cell is extremely sensitive to tem-
perature—a 30°F rise in temperature will
raise the capacity of the baitery by more
than a third! Mercury cells. on the other
hand. are much more stable: The same
30°F rise {from 70°-100%) will have only a
6% cffect on the cell. Don't forger that
while increasing the temperature wili
raise the capacity of the cell. we've al-
ready seen that heat will shorten the life of
the cell as well. Put another way, a hot
battery will put out a greater amount of
current, but il won't last as long as a
cooler one. (There's no such thing as a
free lunch')

Mercury cells have a slightly lower
open-circuit voltage than carbon-zin¢ or
alkaline cells, bul the voltage is almost
constant over the life of the cell. As a
matter of fact, the voltage is se constant
that inércury cells used 1o be used in cir
<uits as precision voltage references. They
are still used in equipment, such as smoke
alarms, where a consiant voltage and high
energy capacity are imporiant considera-
tions. Two newcer chemistries have been
developed that have produced batieries
with even more slable voltages and higher
energy densities. Those are silver-oxide

WwWww americanradiohistorv comm

URE CAPACITY

10" 30" s0° 70° 80"
TEMPERATURE-"F
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FIG. ——EFFECT OF TEMPERATURE ON CELL
CAPACITY Is shown lor zing-0xide and mercury
batterles. You can drew more Current from 8
battery at high tempaeratures. but, of course, the
battery won't |aal a8 long.

and lithium cells.

The most common use for silver-oxide
cells is in digital watches and small cal-
culators, Although their energy density is
high, they are usually packaged as small
button cells and the available cusrent is, to
be generous. limited.

All the batteries we ' ve discussed so far
use some form of zinc as the anode mate-
rial. By changing the cathode and the
clectrolyte. cells with different energy
densities and other characteristics ¢an be
made. Recently though, batteries have
been introduced that have a different
anode material and are the result of more
than & decade of research and develop-
ment. The devices I'm referring to are
lithium cells.

Lithium cells

Since lithium is the element with the
highest oxidation potential in the periodic
table, cells with lithium anodes will have
the greatest open-circuit voltage. Just as it
is with zinc-based cells, lithium cells can
be made with a vaniety of chemistries and
the composition of the cell will determine
the operating characieristics of the bat-
tery. Table 3 is a list of the possible lithium
cell chemistries and 1he epen-circuit voli-
ages they produce.

Lithium-thiony} chlondc cells have an
open circuit voltage of 3.7 volts (3.4 volts
when connecled o a | kilohm load) and
more than ten times the energy density of
the lead-acid bauery in your car. They
have a shelf life of over ten vears and a
battery that is packaged ina standard “D”
size provides an energy capacity of 14
amp-hours!

The encrgy-discharge curve of those
cells is so flat that they come in packages
that are made to be soldered directly to
¢ircuit boards to provide semi-permanent
backup systems for CMOS circuitry and
low-power memories. Specially made
cells are surgically implanied in the
human body to provide long-term power
for cardiae pacemakers.

Battery engineers have known for years
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TABLE 3—LITHIUM-CELL CHEMISTRIES

Celi ¢hemistry

Lithlum-Thionyl Chionde
Lithlum-Vanadium Penioxide
Lithium-Sikver Chromate
Lithiyin-Manganese Dioxide
Lithium-Suftur Dioxide
Lithwum-Carbon Monofluonde
Lithwim-loding

Littvum-Lead Copper Sulfide
Lishwum-Copper Sulfide
Lithium-lron Sulfida
Lithium-Copper Oxide

about the potential advantages (no pun
intended) of lithium-based batteries. The
development of a working cell, however,
has involved overcoming the kind of prob-
lems that are usually associated with the
development of any high-energy-density
sysiem. ]

In its simplest terms. a battery is a de-
vice that stores a quantity of energy and
the secret of a successful design is the
ability to provide some means to regulate
the release of the energy. The more energy
there is in the battery, the more danger
there is from a sudden, uncontrolled re-
lease of that energy. High current de-
mand. spikes, heat, physical damage.
charging current, and overvoltage are a
few of the conditions thal can lead to po-
tentially dangerous situations.

Heat, as we’ve already seen, is one of
the major ¢nemices of any battery. Lithium
has a melting poim of 180° C and thermal
munawgy in the cell caused by physical
damage. environmental or ciscuil condi-
tions can lead to a sitation where the
entire energy of the cell is released in a
split second. That causes what is known in
scientific circles as a big problem. Rapid
generation of gas will make the battery
explode and spew out highly corrosive
mnaierial and 180° molten lithium—an un-
desirable situation, to say the least. Mod-
ern cell design has overcome those
problems by building a pressure-release
valve into the seal of the cells and, in case
of high temperatures, providing a means
for the free lithium at the anode to com-
bine into more stable lithium compounds.

The last two major arcas of concem
with the lithium cell are really problems
with all throw-away batteries—reverse
voltage and charging. The difference be-
tween the two is that the former problem
occurs normally in any series battery set-
up and the latter problem is the result of
circuit conditions.

No 1wo batteries have exactly the same
characteristics. Since the action of the cell
is chemical, it's impossible to predict ex-
actly when the end of battery life will
come. If a few cells are connected in se-
ries, they will discharge naturally and a
lime is going 10 come when one cell will
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82 |F NO CHARGE 15 LEFT IN
THE CELLANO 81 AND B ARE STILL GOOD.

FIG. 5—A REVERSE-VOLTAGE CONDITION oc-
Curs bacause Bl batterien of The same type do
not discharge ai the sama rate. Above. battery
82 has discharged. and & nagetive voltage |u
developed across i,

be completely exhausted while the others
are still producing power. As you can see
inFig. 5, current will still Aow through the
circuit and the dead cell will be acting as a
resistor. A reverse voltage will be present
al the terminals of the dead battery. Heat
will be produced and chemical reactions
will take place that can lead to explosive
venting. The higher the reverse voltage.
the more potentially dangerous the situa-
tion is. Battery engineers have designed
several methods 1o handle that hazardous
situation.

By making the potential of the cathode
less than that of the lithium anode, there
will always be some free lithium left when
the total potential of the cell is zero. When
current flows through the battery in a re-
verse-voltage situation, it will be carried
by lithium ions from the anode instead of
ions created by a dangerous chemical re-
action in the clectrolyte. Altus Corpora-
tion has pone one step further to handle
that problem by designing am elec-
trochemical switeh into all of their bat-
teries. When the battery voltage goes
negative, from either reversal or charging,
the switch closes, the current through the
cell is shunted, and the actual cell voltage
is never allowed t0 exceed — 0.1 volt. And
that voltage is too low to cause any of the
possibly dangerous chemical reactions
mentioned above.

Now that we've eovered throw-away
batteries from Alkaline to Zinc, the ob-
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vious question is which batlery shouid
you use. Well, we don’t have a definite
answer: Which battery you need depends
on what you wanl to use it for. Make a list
of the parameters of your circuit and then
see which battery comes closest to salisfy-
ing them.

If your requirements aren’t very strict,
you can use onc of the less expensive
batteries such as zinc or alkaline. More
exacting needs almost always mean more
expensive batteries.,

n general, the more expensive the bat-
tery, the more predictable its charac-
tenistics. Zinc baiteries are cheap. but the
number of factors that go into determining
exactly how the batiery will behave is
mind boggling. As you go upmarket in
price, things become more sciemific and
clearer. The only advice [ can give you is
that whichever ones you decide to use,
make surc you buy the best constructed
throw-away batteries you can. Every bat-
tery uses and produces highly comosive
chemicals. A poorly constructed battery
can't withstand a lot of abuse and any
adverse conditions will cause the cell to
rupture—with highly unpredictable and
frequently disastrous consequences.

Let's next turn our attention to pe-
chargeable batteries such as nickel-cad-
mium and, yes, they're still around. lead-
acid batteries.

The rechargeables

The history of battery development is
the story of trying to squeeze more into
less. Research is constantly being done to
develop schemes and electrochemical
systems that will increase the energy den-
sity of the cell and make the energy.dis-
charge curve as flat as possible. In other
words. the primary goal of every baitery
company is lo make a battery with the
eapability of lasting, if not forever, then at
least a very long time.

The 1wo basic approaches to the prob-
lem can be called the idealistic and the
pragmatic. Up to now we’ ve looked at the
idealistic approach—designing balteries
that can slore greater and greater amounts
of energy. There are problems with that:
The more energy a battery contains. the
more cngineering it requires to guard
against the uncontrolled release of the en-
ergy. In the rest of this anticle we'll con-
cenlrale on the more pragmatic ap-
proach—designing batteries that can be
reused.

The most popular rechargeable bat-
teries use either a nickel-cadmium or
lead-acid chemistry. Yes, that's the very
samie lead-acid chemistry that came into
being with running boards and horseless
carriages. It’s been improved. refined.
and made more efficient, but it's still
basically two electrodes and a container
of acid clectrolyte.

When we continie this article we will
take a closer look at the rechargeables. R-E
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FLOYD L. OATS

Use your computer to test digital ICs and eliminate your troubleshooting guessworkl!

HOW DO YOU TEST (C'S?IF YOU RE A DiGl-
12l enthusiast on a light budget, then you
probably go about it the low-cost way: You
set up your breadboand, a handful of jum-
pers. a power supply, and a meusuring
instrument such as a logic probe or us-
cilloscope. Manual operation of such a
crude setup can quickly become te-
divus—especially when the circuit being
tested has multiple edge-sensitive inputs.

There's a bigger problem with such a
setup, hewever: Since you must perform
the tests one gale at a time or one latch at a
time, you can expect to find only the niost
obvious failures. The more subtle types of
failures—such as inlcraction between
separate Circuits within the same pack-
age—are best found by some kind of auto-
mizted tester.

If you have a computcr. vou can casily
build an automated tester for digital [C's.
The tester we'll describe permits automat-
ic festing of digital integraled circuits with
up to sixteen pins. The host may be an
cight-bit or a sixtcen-bit microcomputer

and can have cither scparate input and
output data busses or u bi-directional data
bus. While the author's prototype was
built as a tester for TTL 1C’s, the princi-
ples that we'll discuss appty cqually well
10 other populbar logic fumilics,

Although the tester we'll describe was
designed for use with an 5-100 system,
you should be ablc to adapt the eircuil for
virtually any computer. We should note
here that using the tester will require some
programming proficiency. While the arti-
cle will describe what the software has to
do. acwal program instructions are not
included.

Figure § shows the basic ideabehind the
IC testing scheme. A host computer is
used as a stimulus generaror: 1 sends data
patters, called siinuldi, to the circuit un-
der test. Each stimulus is sixteen bits
wide-—aone bit is assigned to each pin of
the test circuit, After the stimulus is seat,
the host will accept a responsc (also six-
teen bits wide) from the circuit under tesi
and will perform an analysis of that re-
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sponse. Response analysis begins with a
coinparison between the actual response
and sonwe hnown expected response. If
they arc equal, the host continues with the
next stimulus. Whal happens if they're not
equal depends on the software that is used
by the host system.

Stimulus generation

How do we detertnine the set of stimuli
that we want the host system to gencrate?
We must ensure that the set of stimuli fora
given fype of integraled circuit is both
valid and complete. At first glance. you
might think that 4 set of stimuli that pre-
senls every possible bit combination 1o the
input pins of the circuit under test would
mect those requirements. Those stimuli
could be created very casily simply by
causing the host to “count through™ the
input pins. Consider the simple hex inver-
ter with six input pins and six output pins.
Using bit-masking techniques. the host
could “count through™ those six input
bits from zero 1o sixty-three and thereby

PRE6L HIAWI LIS
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HOST COMPUTER

STIMULUS
GENERATOSR

RESPONSE
ANALYZER

IC UNDER TEST

F1G. 1—THE IC TESTER SENDS a 16-bi! mtimuius to the IC 10 be tested. and ihen sxamines the

miponse.

present sixty-four stimuli for the hex in-
Verter.

That counting scheme does generate a
complete and valid set of stimuli for (C’s
that contain nothing but raw gating. But it
falls short with IC’s that have edge-sen-
sitive inputs. For example. counting
through the input pins of an ordinary flip-
flop allows the clock pin to change simul-
taneously with the data pin(s) at some
counts. Those counts lead (o an indeter~
minate response of the flip-flop, rendering
the set of counting stimuli ipvalid.

Let's assume further that the clock pin
1s assigned to, say. the fourth significant
bit of the stimulus generator and a data pin
is assigned 1o the second or third signifi-
cant bit. Due to the nature of the up-count
function, the clock pin will change only
when 1he data pin is high—1the stimuli set
is incomplete as well as invaiid. In that
particular case, the problem is partially
solved by counting downward. But with
multiple edge-sensitive inputs, the prob-
lem quickly becomes unmanageable. As
we il see, we'll need to use methods other
than the counting stimuli to overcome
those difficulties.

Response analysis

Once we present the stimulus to an IC,
we have to look at the response. Response
analysis includes all 16 pins of the 1est
circuit. You might wonder why we want to
took at all 16 pins—after all, we don't

have to look at the input pins to determine
the output response. There are two rea-
sons why we do look at all pins. First, it is
simpler from the software slandpoini—it
eliminates the extra sieps requirned to ex-
¢lude certain pins from analysis. The sec-
ond and better reason is that if we examine
the input pins of the test circuit, we can
detect failures associated with input load-
ing problems. Also, we can verify that the
stimulus was actually presented to the test
circuit. In other words. we can give the
tester self-diagnostic capability.

If the host is going to analyze the re-
sponse of an IC, it has to know what type
of response to expect. The only way itcan
know what 1o expect is if we teach it. A set
of good responses can be generated by
presenting stimuli to an IC that is known
to function properly. The responses along
with the stimuli used to produce them can
then be stored on disk or tape for future
use.

Functlonal descrlption

Figure 2 is a block diagram of the tester:
it should help to make our description of
the schematic (Fig. 3) clearer. As shown
in both figures, data or stimuli from the
host system comes into a sel of laiches
made up of ICI, IC2, IC4, and 1CS. {In
eight-bil systems, eight data lines and the
lower eight address lines arc used 1o feed
the stimulus latches.) As shown in Fig. 3,
the sTIMULUS LOAD signal (which enables

e BIT
STIMULUS
LATCH
EN
HOST ¢
CDMPUTER

the latches) is connected to all four laich
IC's. Therefore. it’s essential that all six-
teen stimulus bits be presented (o the
latches simultaneously. The use of eight
address lines 1o cammy stimulus informa-
tion causes the tester to occupy 256 mem-
ory locations. (In 8-bit sysiems, that
corresponds to 256 bytes. [n 16-bit sys-
tem, those 256 locations correspond to
512 bytes.)

The outputs of the four 4-bit laiches are
fed to sixteen isolation switches, 51-516.
Only the switches (hat feed the input pins
of the IC to be tesied will be closed.
Switches connected to the output pins of
the test circuit will be open to prevent
interference berween stimulus batches and
output signals. Swiiches connected to the
power supply pins will be open to prevent
possible damage to stimulus latches.

The lines from the isolation swilches go
to test socket SOI. As you can see from
the schematic, the isolation-switch num-
bers correspond to the test-circuit pin that
they feed. For example. switch S11 feeds
pin 1l of test socket SOI. That makes
determining the switch positions a Hule
easier.

The power supply consists of a five-volt
regulator (IC11), filter capacitor Cl, and a
power-supply-source socket, SO3, (The
regulator can be omitted from many sys-
tems thal contain central five-volt power
supplies.) Notice that the voltage is wired
into SO3 according 10 standard con-
;ention: Ve on pin |4, and ground on pin

Power is supplied tothe IC under testby
a pair of movable jumpers connected from
the power-supply-source socket, SO3, to
the power-supply-select socket, SO2
(which is wired in parailel with the test
socket)., If, for example, you wanted to test
2 7475, you would connect a jumper from
pin 14 of SO3 to pin 5 of SO2. You would
also jumper pin 7 of SO3 to pin 12 of SO2.

Response data are accepted by the host

ISOLATION
IWITCHES
JUMPER
OPTIONS

IC BLYG
UNDER DRIVER
TEST MULTIPLEXER

EN

£ RADIO-ELECTRONICS

1

ADDRESS
OECODER

Fi1G. 2—-BLOCK DIAGRAM OF THE IC TESTER shows how the hoal Compulet's dats, sddress, and
controi lines are used t¢ control the lester,
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FIG. 3—IC TESTER SCHEMATIC. If you use & 16-bit system. you do not have touse address lines for the
stimulus input—use the 15 dats lines [nstead. Note that to make building and troubleshooting easier,

you should use DIP switches for 51-516.

one byte at & lime. Pins 1-8 of the test
socket SOI1 are gated to the host system
through drivers made up of IC7 and part of
IC3. Pins 9-16 arc gated through portions
of IC’s 3 and 6. The two sets of drivers are

enabled by control signals from 1C8.
Control logic. made up of 1C8. 1C9.
and [C10 develops signals that control the
loading of the stimulus latches and the
gating of response data to the host. The

WWWwWwW americanradiohistorv comm

eight most significant address lines are
brought inte an address-recognition ¢iF
cuit consisting of IC9 and part of 1C10.
Two address lines. A12 and Al3, are in-
verted before being applied to IC9. That
selective inversion controls the address
range of the memory space occupied by
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FIG. 4—THE AUTHOR'S PROTOTYPE war mre—wrapped on an 5-100
ment and conatruction ¥Chnique are not Crilical.

the tester. In this case. the address range
chosen s CFOOH through CFFFH. (Note
that an “"H™ indicates that a number is
written in hexadecimal form.) While there
are two inveriers shown in the schematic,
any number of inveriers may be used.
They are placed so that, when the address
lines are designating the memory area as-
signed 1o the lester. all inputs to IC9 are
high. That. presents a high to IC8 pin 6.
partially enabting it. Pins 4 and §, fed by
imerted 1/O-status lines, must be low 10
complele the enabling of IC8, Those lines
will be low when the address lines carry a
memory address as opposed 0 an input/
oulput port address (the latter being indi-
cated by a high on IC6 pin 12 or 14). In
systems where all inpul/outpul areas are
memory-mapped and there arc 110 sepa-
rate input/output functions. pins 4 and 5
of [C8 should be directly grounded.

When IC8 is enabled, it will decode the
inputs on pins 1, 2, and 3 into an active-
low signal on onc of eight vutput pins.
When sMEMR, the memory-read status
signal, is high (and mwgr, the memory-
wrile enable signal, is low), pin 12 or 13
will be iow, depending on the state of AQ.
If AQ is low, IC8 pin 13 will gate pins |
through 8 of the west circuit to the response
lines. When AQ is high, 1C8 pin 12 will
gate pins 9 through 16 of the test circuit to
the response lincs.

To write o the stimulus laiches. MWRT
is brought high while smemR is low. That
causes either pin 10 or 11 of IC8 to go low.
Since AQ is part of the stimulus informa-
tion, the sTimuLs LOAD signal must be
inscnsitive to the stae of A@. This is ac-
complished by the diodes Di and D2 con-
nected to [C8 pins 10 and 11— they permit
the sTiMuLUS LOAD Signal to be generated

prototyping board. Parls place-

by mwgT without regard to the condition
of AQ.

Construction

You can build the tester using either
printed-circuil or wire-wrap techniques.
Componcnt layout is not critical and there
is no need to be concerned with special
considerations such as lead lengths and
exlensive decoupling. The author’s pro-
lotype was wire-wrapped on an S-100
plugboard. It is recommended that you
use a board that is configured for your
compuler system.

We recommend that you use DIP
switches for the isolation swiiches: It
keeps the board much neaier and. thus,
casier Lo Iroubleshoot. Be sure to label the
switch numbers. Mount the DIP switch
packages and all of the IC's in wire-wrap
sockets. The power-supply jumper sock-
cts SO2 and SO3 should also be empty
wire-wrap sockets. For the test socket,
S01, you might want to use a *zero insep
tion force™ type socket. Do not substitute

PARTS LIST

1C1,1C2, IC4, IC5—74L.575 4-bit bistable
latch

1C3, IC6, IC7T—T74367 hex bus dever

IC8—74L5138 3-10-8 ine decoder/multi-
plexer

IC9—T4LS30 8-inpul positive NAND gate

1C10—7 4L S04 hex inverter

M, D2—1NN4

R1, R2—2000 ohms

$1-516 SPST switch {DIP swilchaes are
recommended)

C1—20uF, 10 voits, slectroiytic

Miscellaneous: IC sockets, plugboard.

wire-wrap wire, hardware, power-supply

jumper wiras, + 5voit DC power source,

21lc.
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LS-type 1C’s for IC3, IC6, and 1C7.

If your 8-bit system has separale input
and output data busses. the data-output
lines should be fed 10 1he stimwus laiches
while the data-input lines should be fed
from the response output of the tester. In
sixieen-bil systems. the stimulus faiches
may be Ioaded from the sixteen data lines
rather than using the lower cight address
lings as pan of the stimulus. And, of
course, the response drivers may be tied to
the sixteen data lines instead of being
multiplexed into two sets of eight.

If your host computer system uses a
bidirectional data bus instead of separate
inpul and output busses, then the data
lines {but, of course, not the address lines)
into the stisulus latches and the data lines
from the response drivers may be con-
nected to the unified bus,

Using a host computer with sixteen-bit
organization simplifies the control circuit
by permitting the AG input (IC8 pin 1) to
be grounded (since its only purpose is to
split the sizieen response lines into two
groups.) Pins 12 and 10 of IC8 could be
left open, and the output from pin 13
would gate all sixieen response drivers.

The control circuit shown was designed
for an eight bit host with sixtcen address
bits. In hosts which have kewer than six-
teen address bits, there will be fewer than
cight lings feeding imo [C9. Consider a
system with only fourtcen address bits.
The cight least-significant address bits
will be assigned as stimulus bits. leaving
only six bits for the address recognition
function. The two unused pins of [C9 may
be connected together and tied 10 +5
volis through a one-kilohm resistor,

When we continue, we’ll begin by test-
ing the tester. H-£
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SQUAREWAVE
GENERATOR

CIRCUITS

in this article we'll show you how (o use transistors, op-amps, and 555 timers to make a variety
of squarewave or “clock” generator circuits.

THE SOUAREWAVE GENERATOR 18 ONE OF
the most basic circuit building-blocks
used in niodern electronics. It can be used
for lashing LED indicators, for gencrat-
ing audio tones. for clocking logic or
counter/divider circuitry, ete. The gener-
ators themselves may produce either sym-
metrical or non-symitietrical waveforms,
and may be of cither the freée-running or
the gated type.

Squarewave-generalor circuits are quite
easy o design, and may be based on a
wide range of semiconductor tech-
nologies. including the humble bipolar
transistor, the op-amp, the 555 timer, or
CMOS logic elements. In this article,
we'll confine our discussion to designs
based on the transistor. the op-amp, and
the 555: CMOS-based circuits will be sav-
ed for a later date.

Transistor astable clrcuits

One of the easiest and cheapest ways of
generating repetitive square and rec-
tangular waveforms is to yse the basic
two-transistor astable multivibrator cir
cuit shown in Fig. I. A major advantage of
that rather old-fashioned transistor circuit
is that it can quite happily operate from
supply voitages as low as 1.5 volts or, with
a slight medification, from supply volt-
ages up to several tens of volts,

The Fig. | circuit acts essentially as a
self-oscillating regencrative switch, in
which the on and off periods of the circuit
are ¢ontrolled by the CI-RI and C2-R2
time constants, [f those time constants are
equal (C1=C2 and R| = R2), the circuit
acts as a squarewave generator and oper-
ates al a frequency of approximately
17(1.4CIR1). Thus. the frequency can be
decreased by raising the values of CI-C2
or RI-R2. or vice versa. The frequency

RAY M. MARSTON

R SR
SA AL

FI1G. 2—¥QLTAGE WAYEFORMS st tha base snd
collector of O1 anc Q2. Note 1hat Ihe two out-
puts, which can be taken from ihe collector of
either transisior, are opposite In phasse.

can be made variable by using two ganged

variable resistors (in series with 10-kil-

ohni limiting resistors) in place of R1 and
R2.

Outputs can be taken from the coliector
of either iransistor, and the 1wo outputs
are opposile in phasc. The operating fre-
quency of the circuit is substantially inde-
pendent of power-supply levels in the
range of 1.5 to 9 velts. The upper supply-
voltage limit is set by the fact that. as the
ransistors switch regencratively at the
end of each halfcycle, the base-emitter
junction of one transistor is reverse-biased
by an amount roughly equal to the supply
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FIG. 1—A BASIC 1 kHZ aslable multivibratos
using a palr of bipotar transisiors.
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voltage. Consequenily, if the supply volt-
age exceeds the reverse base-emitter
breakdown voitage of the transistor (typ-
ically about 9 wolts), the liming operation
of the circuit will be upset. That snag can
be overcome by connecting a IN4148 di-
ode in series with the base input terminal
of each transistor. That effectively raises
the reverse base-emitter breakdown wvoli-
age of each transistor to about 80 volts.
The maximurn supply voltage of the €i
cuit is then limited only by the coll
emitter breakdown characieristics
transistors, and may be several tens of
volis. In practice, such a *protected™ Cir-
cuit gives a frequency variation of oniy
2% when the supply voltage is varied be-
tween 6 and 18.

Figure 2 shows the collecior and base
voliages of Q1 and Q2. Noie that the lead-
ing edges of the output waveforms (Vo)
are slightly rounded. The lower the values
of Rl and R2 become relative 1o collector
resistors R3 and R4, the worse that round-
ing becomes, Conversely, the larger the
vatues of R] and R2 relative toR3 and R4,
the better the waveshape will be. The
maximuin permissible values of Rl and
R2 are equal to the products of transistor
current gain (say 90) and the R3 {or R4}
values (1.8 kilohms in this case), so the
maximum possible values of Rl and R2 is
162 kilohms..

The rounding of the leading edges of
the basic astable circuit occurs because
the collector voliage of each transistor is
prevented from rising immediately to the
positive rail voltage as the transistor turns
off because of loading by its cross-cou-
pled timing capacitor. That deficiency can
be overcomne, and excellent squarewaves
obtained. by effectively disconnecting the
capacitor from the collector of its tran-
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sistor as it turns off. That is what's done in
the 1-kHz generator shown in Fg. 3.
There, DI and D2 are used to disconnect
the timing capacitors at the moment of
regenerative switching. The main time
constants of the circuit are again deter
mined by C1-R1 and C2-R2. The effective
collector loads of  and Q2 are equal to
the parallel resistances of R3-R4 and RS-
Ré& respectively.

Operation of the basic astable multi-
vibrator relies on slight imbalances of the
transistor characteristics, so that one tran-
sistor turns on slightly faster than the
other when power is first applied. If the
voltage to the circult is applied by slowly
increasing it from zero volis, both tran-
sistors may turm on simultancously, in
which case oscillation will not occur. That
snag can be overcome by using the sure-
start circuit of Fig. 4. In that circuit. the
timing resistors are connected to the tran-
sistor collectors in such a way that oni:
one transistor can ever be turned on at a
given moment.

V-av
RPN o
; 2 s 30
R4 R2 :gs
19K BEK b 319K
DUTPLT
T e pid0VTPUT
O—dnuny gy ot D! &—=

FIG, 3™AN IMPAOVED VERSION of the clrcuit In
Fig. I; wavetorm correctlon |s supplied here by
1-D2.
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01 a2
| 2m3vem 3904
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-

FIG. 4—THIS TIRCUIT is configled to ari¥0re
thsl the trensistors will not Yurn on simul-
tanecualy.

The transistor astable circuits that we
have looked at so far are designed to give a
symmelrical output waveform. A non-
symmetrical waveform can be obtained by
simply making one set of astable time-
constant components larger than the
other. Figure 5-a shows the connections

f 83 ——A——— S
18K RS 5 & LEK
: 1 ]
DUTPUTO= ff, 10K EE 100K !: "3.( & DUTPUT
1 i ; €1 2
T - 01
" —— ]
01
2H3904 02
1 ZN3904
&
W18y
A
i
13 $h4 RS £ A8
18K +39¢ i 39K F 39K
-9 » o % L
i3] ] 02 04
LL_IE B il ALIAL T TAT I — =
~
c2 LI R R2 )
OUT‘PUTo_l 0 ke 10K oK 2o o DuTRUT
| L
fi1
2MI904 02
INIS04
L
'8
*
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FIG. 5—A& VARIABLE m-m"mco {duty cycle) aquarewave ganermtor oﬂ'crﬁ—n'g_-t 1100 Hx. The circult

In & has waveform correction snd sure-start addad.

for making a fixed-frequency (about 1100
Hz) variable mark/space {mark is the por-
tion of the waveform where the signal is
high, space is the portion where the signal
is low) ratio waveform generator. in which
the ratio can be fully varied over a range of
1:10 to 10:1. (Another, perhaps more fa-
miliar term for the mark/space ratio is
duty cycle.)

The leading edges of the output wave-
forms of the above circuit may be objec-
tionably rounded for some applications
when the mark/space control, RS, issetto
its extreme positions. Also, the circuit
may be dificult to stant if the supply voli-
age is applied tothe circuit slowly, Both of
those snags can be overcome by using the
circuit shown in Fig. 5-b. That circuit
features sure-siart and waveform-correc-
tion diodes.

Op-amp squarewave generators

Good squarewaves can be generated by
using a fast op-amp. such as the LF351, in
the basic relaxation-oscillator configura-
tion shown in Fig. 6. That circuit requires
the use of dual power supplies and, be-
cause of the slew-rate limitations of op-
amps. its output-waveform rise and fall
times are not as pood as those obtained
from transistor, 355, or CMOS astables.
The op-amp circuil has. however, some
distinct advaniages over those alternative
types of squarewave generator. Specifical-
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FIG. 8—A SIMPLE ope-rationll amp)ifiar relsxs.
tion osclliator.

ly. it has excellent frequency stability and
waveform symmetry. and its operating
frequency can be varied over a wide range
by altering any one of R1-R3 or Cl1.

The basic operation of the Fig. 6 circuit
is fairly easy to follow. As configured. the
output of the op-amp alternately switches
between the positive and negative supply
voltages {+ V and — V). Thus, a positive
or negative reference voltage is applied to
the non-inverting terminal of the op amp,
with that reference voltage being a fixed
fraction {(determined by the ratio of R2 to
R3) of the supply voltage.

Let’s sce what happens in more detail.
Suppose initially that Cl is discharged
and the op-amp output has just switched
10 +V. In that case. Cl will charge
positively via Rl until its voltage reaches
the reference voltage applied to the non-
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inverting terminal of the op-amp, at which
point the op-amp output voltage (2nd thus
the reference voltage) will start to fall and
thus initiate a swilching action in which
the output switches abruptly to the nega-
tive supply woltage. Capacitor Cl will
then start to charge in a negative direction
via RI until its vohage reaches the new
(negative) reference value at the non-in-
verting terminal, at which point the op-
amp output will again switch high and
initiate a new action in which the whole
sequence repeats itself.

The action of the op-amp circuit is such
that a symmetrical squarewave is de-
veloped at the output of the op-amp and a
non-linear triangle waveform is developed
across Cl, Each waveform swings sym-
metrically around zero volts. Note that the
operating frequency is vinvally indepen-
dent of 1he supply voliages, butl ¢an be
varied by altering the R1 or Cl values, or
py aitering the R2-R3 ranos.

R3
47¢

Y
LA
—
=
ot

frequency range of the RS frequency ¢on-
trol to a precise minimum value. Potenti-
ometer R6 is used as an output amplitude
conirol.

Figure 8 shows how the eircuit shown in
Fiz. 7 can be modified to make a general-
purpose squarcwave generator that covers
2 Hz to 20 kHz in four switched decade
ranges. Note that preset controls R7 to
R10 are used to precisely set the minimum
frequencies of the 2 Hz-20 Hz, 20
Hz-200 Hz, 200 Hz-2 kHz, and 2
kHz-20 kHz ranges respectively. without
requiring the use of precision compo-
nents.

| S o
RS 9
4 C1 00K !I!IZ?K

I

FIG. 9—THIS SQUAREWAYE GENERATOR fea-
lures & varisble mark'space rallo {duty cyciel

Finally, Fig. 9 shows how the basic re-
laxation-oscillator circuit can be modified
so that it provides both a variable frequen-
cy and a variable mark/space ratio output.

¢ 100K b qg
1 T FREQUENCY $ 10,

b RS
100K
R12
0K €
LEVEL ¥=—0O
T BOUAREWAVE
UTPUT

S

Fis. 8—A FOUR DECADE, Z M2 to 20 kHz squarewave genersior. The fout PRESET ;_wterho:-nelem allow
the circult 1o use & single cellbrated frequency scals.

Figure 7 shows the practical circuit of a
simple 500 Hz 1o § kHz op-amp square-
wave generator, in which the frequency
variation is obtained by altering the at-
tenation ratio of the R2-R3-R5 voltage
divider. Trimmer R4 is used to presel the

The mark/space ratio is vanable via R4,
and the circuit action is such that Cl alter
nately charges positively via RI-DI and
the left-hand side of R4, and charges
negatively via R1-D2 and the right-hand
side of R4_ The mark/space ratio is varia-
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ble over the range of 11:1 to 1:11, and the
frequency is variable over an approximate
range of 650 Hz 10 6.5 kHz via RS. Vary-
ing the mark/space ratio setling causes
only slight interaction with the frequency
control.

Note that the Fig. 6 10 9 circuits can be
used with virtually any type of op-amp,
but that the maximum usable frequency
and the cutput risc and fall times depends
on the slew rate of the op-amp that is used.
The LF361, for example, gives a perfor-
mance that is about len times better than
the 741 in"those respects. Also note that
although we’ve shown the circuits as
being powered from 9-volt split supplies,
they can in fact be powered from any split
supplies in the range 5 to 18 volts.

555 astable circuits

The IC known as the 555 timer makes
an excellent squarewave generator when
used in the astable mode. The device is
readily available and inexpensive. It ¢an
be powered by any supply in the range 4.5
to 15 wvolts, has a low-impedance output
thaf ¢an source (suppl&)} or sink {absorb)
load currents up to 200 mA and. when
used in the astable mode, generates out-
put squarewaves with typical rise and fal}
times of about 100 ns, The 555 astable has
excellent frequency siability, can span the
frequency range from near-zero to about
100 kHz, and its frequency and mark/
space ratio ¢an be accurately controlled
by using two extemnal resistors and one
capacitor.

Figure 10-a shows a practical 1-kHz
squarewave generator built around a 555
in the astable mode. The formulas used (o
define the timing of the circuit are shown
in 10-b. The circuit operation is such that
Cl first charges exponentially via the se-
nies R1-R2 combination until eveniually
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FIG. 10—A SQUAREWAVE GENERATOR using

555 limer IC In the sstable mode, Formulss used
1o calculste the circult liming are shown in b.

1
= 0

PE6l H3EW3L1d3S

o
w


www.americanradiohistory.com

RAGIO-ELECTRONICS

~4
=]

€1 CAPACSTANCE —4F

.Wll
01 1 1]

104 1K 10K 100K

ASTABLE FREQUENLCY -H:
FIQ. 11—WHEN R215 MUCH LARGER than R, this cherl can be ured to determine ths retationahlp

between R2, C1, snd the frequency of tha 555.

its voltage rises to 35 of the supply voli-
age. At that point a switching action takes
place and C} starts to discharge exponen-
tially via R2 until eventually its voliage
falls to ¥4 of the supply voltage, at which
point & second switching action takes
place and Cl starts 10 recharge towards %
of the supply voltage via RI-R2, and the
whole sequence repeats. Capacitor C2 is
sused in this circuit (and those that follow)
to decouple the 555 from the effects of
supply line transients.

Note that the operating frequency of the
above circuit is virtually independent of
the supply-voltage value, and that both the
mark/space ratio and the frequency are
determined by the R1-R2-Cl values. Also
note that if R2 is large relative to R, the
operating frequency is determined mainly
by the R2 and CI values and that an almost
symmetrical outpul waveform is gener-
ated. The graph of Fag. 11 shows the ap-
proximate relationship between frequen-
cy and the CI1-R2 valucs under the above
condition. Im practice, the R1 and R2 val-
ues can be varied from about | kilohm to
10 megehms.

The circuit in Fig. 10-a can can be mod-
ified in many ways. For example, it can be
made into a variable-frequency squar-
cwave gencrator by replacing R2 with a
fixed and a variable resistor in series.

Figure 12 shows how the circuit can be
used as a two-LED flasher in which one
LED turns off as the other tums on, and
vice versa. The circuit operates at a fre-
quency of just under | Hz.

Figure 13 shows how the circuit can be
modified so that its mark and space peri-
ods are independently variable over the
approximate range lg 1o |.5 microsec-

SV-15v
LED1
), 158
| p
N g i
$Al
- it
3] v Yz L Ri
555 !- 88K
4 R2 6 '
$ 00
LED2 (F
1D AL 1) de
] W0HF A 10uF
N il |

FIG. 12—THIS TWO-LED FLASHER operates ut
|usi under 1 Hz. One LED turns On as the olhar
wrns ofl.

onds. Here, timing capacitor Cl alter
nately chasges via Ri-R3-DI and
discharges via R2-R4-D2.

Figure 14 shows how the &Greuit can be
modified so that it acts as a fixed-frequen-
CYy squarewave gencralor wilh a mark/
space ratio or duty cycle that is fully varia-
ble from 1% 10 99% via R3. Here, CI
altemately charges via R1 and the 1op half
of R3 and D1. and discharges via D2-R2
and 1he lower half of R3. Note that the
sum of those two uming periods is vir-
wally constant, so the operating frequen-
¢y is almost independent of R3,

The 5535 astable circuit can be gated on
and off (enabled or disabled) either by
applying a gate signal to pin 4 or by disab-
ling or enabling the main timing capacitor
vid a (ransistor swilch.

Figure |5-a shows how the circuit can
be gated via the pin 4 (reset) terminal. The
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FIG. 13—THE MARK AND SPACE periods ot this
‘circuit s Independently adjustable ovar the
range of 15 microseconds 1o 1.5 milllseconds.
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FIG. 14—THE DUTY CYCLE of this clrculr ¥ var-
ahls trom t to 9% via R3. Tha frequency is
almost constant at 1.2 kHe

5v-15¥
& F R1
0 GATE s y i 22K
SIGNAL
Ic1 |2 % R2
555 T rx
Vour o— X E s
1 5 4]
R3¢ o
22K 2 2
= al
=
=
s
GATE
WNPUT — =4
Nor __Tnsaan____
.

FIET 15—THE 555 CAN be electroniclliy gatea
by applying & signal to pin 4.

characteristic of that terminal is such that,
if the terminal is biased above o nominal
contintied on page M4
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NEIL BUNGARD

P t 3 THIS MONTH WE'LL
a r use lhe principles es-
tablished in the first (wo parts of this series
to build some fun and useful microcom-
puter projects. They include o home-se-
curicy sysiem, a lemperature-sensing
circuit, and methods of controlling high-
current devices with the microcompuler.

The number of things you can do with
your microcompuler and interface are
endless. In other words, the methods and
principles that we’ll use may be applied to
any number of projects that you might
dream up yourself. And you can combine
all of the circuits we present to do numer-
ous things. So don't be afraid 10 take what
we start with and improve and expand on
il. Your imagination is the only limit on
whal can be done,

TV interference

Before we get started building the add-
on circuits. we should address a problem
that is created by those circuits—TV-pic-
ture deterioration. As more inlegrated ¢ir-
cuits are added to the Sinclair imerface,
you will notice interfercnce on your TV
picture. (Many ZXB/ users have trouble

Now that we've built the interfacing circuit
and discussed the basics of using it, lets put
your Sinclair ZX81 or Timex Sinclair 1000 to
work! We'll show you how to measure

temperature, create a security system, and
control high-power devices.

Interfacing the Z.X 81

wilh sereen interference even withont
hooking anything up o the computer!)
You might want to try some of the follow-
ing quick-fix tips 1o help clear up your
picture.

One trick that sometimes works is Lo
roll up the connecting cable that goes be-
tween the ZX8! and the antcnna/ZX8/
swilching box. Another trick thal helps a
little is to move the Sinclair away from the
TV sei—elevating the TV set seems to
have the most favorable results. Perhaps
the easiest way Lo improve your picture is
10 ground the antenna switching box o the
UHF-antenna input an the back of your
TV set. That can be done by wrapping a
copper wire around the swilching box and
attaching its cnd to the UHF anlenna in-
put. If you do those three simple things,
you should be able 1o obtain a picture
that's almost as clear as the picture with-
out the interface circuil altached. Al-
though shielding the interface and
associated circuils in a melal case is a bit
more work than the previous fixes, it will
give betler resulls.

A home-security sysiem

The first interface add-on we’ll look at
is 2 home-security system. We’'ll presemt

WwWwWw americanradiohistorv comm

only a minimum-security systerm. But you
can add as much sophistication as you
want. The limiting factor is the amount of
program memory available on your mi-
crocompuler.

Figure 7 shows the security syslem’s
schematic. To guard eight doors andior
windows, all you need are eight magnets.
8 reed switches. and one €ighl-bit three-
state laich (ICI1. a 74L8373). You could.
of course . use other alarm switches (such
as pressure mats, of doos-mounted plung-
er swilches). Bur we’'ll discuss reed
swilches because they e casy o muount,

You should mount the normally open
recd swilch so thal the magnet haolds the
swilch closed when the window or doot is
closed. Then. when the window or door is
closed. the line associated with that win-
dow or door will be at a logic 9. 1f the
window or door is upencd. the associated
recd switch will also open. and IC11 will
see a logic | (bevause of the pull-up re-
sistor). Te chech the statuy of the eight
windows of doors, all you have o do is
have the ZX8/ penodically generaw an
“IN 05 device-cixde pulse. That inputs
the window/door status information into
the accumulator of the ZB0 where the sta-
tus of each bit can be checked. The Hlow
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FIG, F—SECURITY SYSTEM. The simple system shown here can be made more complex—edthes by
adding more switches (or sensors) or by Contiolling some devics other than & buzzer when a bréak-In

Is sensed.

chast in Fig. 8 describes the software re-
quired to operalte the security system,
You can, of course, make the program a
little more extensive. For example, you
can check cach bit of the status informa-
tion to determine swhich window or door

' START }

LA & ;n:::nx
Le AR T HE L
3 Slea———
4 — 2
7 sime e
e 8 s:‘_'_' TR |
nLsan i R ———
14 \__I ss
17 g7 G—_“"' . e T =
—— of those strange Sinclair idiosyncrasics
L kﬁ‘fgjg_‘ that you have to get used t0.) The com-
) mand “LD (BC).A places the security
{ l',u EE e ST . = information imo the memory location
- pointed to by ihe BC register pair. That
]" storage location was defined in the first
By two machine-language instructions as
[ [ = o 408DH (16525). Exccution retums to line
2 IR ) 30 of the BASIC program, which sets
s [ = g variable *'B" cqual 1o the security infor-
= e e ‘matjon just placed in memory by the ma-
1 Pl chine-language routine. If "B is equal i0

zero in line 40 (no security violation),
program execution branches to line 80
where an *"all secure' message is printed,
and the entire process is repeated.

If. 1n line 40, " B™ does nol equal zero,
then a security violation has occurred. In
that case, program execution continues 1o
line 50. where another short machine-
code routing is called. That routine does
onc thing: It gencrates an “OUT 08" de-
vice-code pulse. As you can sec in Fig. 7,
that device-code pulse is fed to pin 2 of a
74L573 Rip-flop (1C12). When the
T4L573 sees a negative-going pulse on

was opened. Or. if you want to note the o, pin 2, it sets its output {pin 12) to a logic ©.
of the security breach (or to keep 8YTE That causes the piezoclectric buzzer, PB1,

1 of when your teenage daughier
comes home) you can use the clock/calen-
dar circuit developed over the last two

to turn on. After the alarm ¢ircuit is tumed
on. program execution returmns (o line 60
in the BASIC program, where “security

months in conjunction with the security ARE PRINT violation™ is wrirten to the TV screen. In
system. ACLEITS  YES | “ALL DDOAS AND line 70, program execution stops. When

But because we have so much to cover, ZERQ? W";ESL‘]‘EE‘.‘.“‘ pin 1 of the 741.573 (IC12) is grounded by
we'll keep things simple. The machine-

code and BASIC programs in Tables 16
and 17 will accomplish the task expressed

pressing $9. the output of the 741573 is
reset to a logic 1 and the alarm is wrned
off,

by the flow chart in Fg. 8. To load the - ALARS If you want 10 monilor more doors and
above programs, first type 10 REM “SECURITY windows (or pressure mats, etc.) you can
123456789012.°* Next use the machine- VIOLATION" add additional three-siate devices to the

language entry program presented in Tab-
le 5 (Part 2) to luad the machine-language
subroutines imo the REM slatement.
Once the machine language is loaded,
erase the entry program and enter the re-
mainder of the BASIC routine.

Now let’s look at how the programs
control the security-system circuit. Line
20 calls the machine -language routine lo-
cated at memory address 16514, The first
two instructions there define where the
security information is going to be stored
in memory once it is retrieved from the
74L5373. The command “IN A,05"
fetches the security information from the
74L.5373. (Remember: You must use odd
input-device codes or bits D6 and D7 will
be masked out when you input. That's one

' sToP '

FIG. 8—THE SOFTWARE needed 10 conirol the
basic security system can be as simple »s this
Howchart shows,
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circuit and read the states by using a dif-
ferent input device-code pulse.

Temperature sensing

The next circuit we*ll discuss will allow
you 1o moniter lemperature. It has a mea-
surement range from O to 100 degrees

Bq - l-.r'l
)
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Celsius with an accuracy of a couple of
degrees Celsius. You can sce that it’s not a
precision thermemeter. bul you can use
the ¢circuil to measure ambient tem-
perature or the wemperature of a developer
bath in a darkroom. Based on the tem-
perature, you can have the computer tum
heaters or fans on or off (using control
circuits that we'll get to shortly).

Referring to Fig. 9, the thermometer
circuit consists of Nationa) Semiconduc-
tor’s LM338 (emperature sensor and the
ADCO0304 single-channel, eight-bit ana-
log-lo-digital (A/D} converter.

The ADCO804 connects directly to the
interface circuit developed in Part 1, and
only two signals are necessary to control
the circuit's operation. The ADCO0804
control lines are connected to the two
74LS138's (IC’s 3 and 4) of the Sinclair
mterface circuit. An "OUT 8C™ device
code pulse siarts an analog-to-digital con-
version of the LM335°s output voltage. Al
the end of the conversion (about 100 mi-
croseconds), a digital value representing
the sensor’s lemperature is input into the
Z80's accumulator with an “IN 09" de-
vice-code pulse.

The temperature-sensing circuit can be
adjusted via resistors RI1 and R12 so that
the temperature will be read directly in
degrees Celsius. Potentiometers R11 and
R12 should be ten-tum (at least) potenti-
ometers 5o that a fine adjustment of the
2ero setpoint and the span can be accom-
plished.

The LM335 should be soldered to a pair
of small-gauge, twisted wires and a small
amount of silicone rubber should be
placed on the leads to insulate them from
liquids in which the sensor might be sub-
merged.

Once you have the sensor prepared, you
can calibrate the circuit. You'll need a
glass of ice water, a glass of boiling water,
and a Celsius thermometer that you know
to be accurate. You will also need some
software.

Enter. for line 10, a 12-characler RE-
Mark statement to reserve room for (wo
machine-language subroutines. Use the
machine-language entry program pre-
sented in Part 2, Table 5 to load the ma-
chine-language routines in Table [8. Then
load the BASIC program in Table 19.

Line 20 of that program calls the first of
the two machine-language subroutines—
the instruction *“OUT 8C, A,™ which gen-
crates an output device<ode pulse that
starts an analog-to-digital conversion by
the ADCO0804. Once the device-code
pulse has been sent, program execution
returns (o line 30 of the BASIC program,
which calls the second machine-language
subroutine (at memory location 16317).

The first two instructions. "1LD B 40"
and "LDC,8D, " set the memory location
where the temperature information is 10
be stored. That location is 408DH or
16525. The third instruction, “IN A,09,"”
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FI1G. 9—TEMPERATURE SENSING CIRCUIT. Note thal R11 and R12 should be muitliurn-type potentiom-

sters—il makes callbration easler.

TABLE 18—TEMPERATURE
MEASURING
D3cC OUT 0C. A
c9 RET
05 40 LD B.a0
OE 8D LD CAD
DB 29 IN A.09
02 LD {BCLA
o1:] RET
TABLE 19—TEMPERATURE
MEASURING

20 LET A= USR 16514

30 LET A ~USR 16517

40 LET B = PEEK 18525

50 CLS

60 PRINT “THE TEMPERATURE 1S
=B CENTIGRADE"

70 PAUSE 100

BG GOTO 20

reads the temperalure information from
the ADCO0804 and LD (BC),A™ stores
the temperature information in memory.
Program execution retums in line 40 of
the BASIC routine, which sets the varia-
ble “B*" equal to the temperature informa-
tion just placed in memory by the
machine-language subroutine. Line 50
clears the screen and line 60 prints the
new temperature. After a pause, the entire
sequence is repeated.

To calibrate the sensing circuit, run the
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PARTS LIST—
TEMPERATURE SENSOR
Resisiors Y: wall, 5% unless otherwise
noted |
R9—3000 ohms
R10—10,000 ohms -
f11, R12—10,000 ohms, mutliturn poten-
ftometer
R13—100,000 ohms
Capacitors
C1, C3—10-uF, 10 volts, slectrolytic
C2—150 pF, caramic disc
Semiconduciors
IC13—L M35 termperature sansof
IC14—ADC0804 anaiog-lo-dightal con-
verBr
IC15—74LS32 quad on gate

above program and place the LM335 into
the glass of ice water along with the
known-accurate thermometer. Allow the
sensor and thermometer 1o sil for a few
minutes and then adjust resistor RI until
the thermometer reading and the number
printed on the screen are the same. That
adjusts the zero seiting. (If the tem-
perature of the ice water is not zero. or
very close to zero, suspect that something
is wrong.)

Now place the LM335 and the mercury
thermometer into the glass of boiling
water. After you allow them (o set for a
few: minutes. adjust R2 until the reading
on the screen matches that of the mercury
thermometer. That sets the span of the

¥a6l H39W31d3s
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temperzture-sensor circuil, With the cal-
ibration complete, lemperatures mea-
sured between the two setpoints should be
accurate within a couple of degrees Cel-
sius. While that is hol greal accuracy, il is
accurate enough for many purposes. For
example. you could use the ZX8/ to
monitor two different temperalures, say
the ouldoor tcmperature and your atlic
temperature. Then, you could usc one of
the power-control circuits (that we'll dis-
cuss next) to lum on your atic fan when
the attie lemperature is higher than the
outside lemperature. (But only in the
summer, of course.)

A power controller

An interface that can control logic cir-
cuits cenainly has many applications. But
we're sure you'll agree that an interface
that ¢an control devices that require high
voltage or current has many more possible
applications. For instance, if you want 1o
use a large siren and fioodlights along
with the security system, or if you want Lo
activale a heater or an, you'll need more
power than the ZX8/ or the interface alone
can provide. However, let's look al a few
devices thal can be connected direcily to
the interface o control loads thal require
higher voltage and higher current.

The first device »e will consider for
power handling is the mechanical relay.
The relay is a simple device 10 use and can
be used for either AC or DC loads. Figure
10-a shows a typical relay/microcompulct
hpokup. If a logic 1 is written Lo the latch
{a 74L.8373) through DO of the micro-
compulers data bus, the relay will be de-
enerpized. If a logic O s written 1o the
laich, the relay will be energized and the
load will be swilched on. The disadvan-
tage of this configuration is that mechan-
ical relays that can be controlled with
logic-level signals typically ¢an only han-
dle loads up to 0.5 amp at 120 volis.

Another kind of relay which has gained
popularity in the past five years is the
solid-state relay (8SR). Like ils mechan-
ical counterpart, the SSR can be activated
with a logic-level signal, but it is gener-
ally used to switch AC loads. The new-
generation solid-state relay can switch
both AC and DC loads so that it is becom-
ing a direct replacement for the mechan-
icalrelay. The rcal advantage of the SSR is

PARTS LIST—POWER
CONTROLLER
Resistors Ye-watt, 5%
R14—100 ohms
R21-—390 ohms
Semiconduciors
1IC16—74L8373 octal D-iype taich
IC18—74L573 D-type fip-flop
1CI7—74L 504 hax inverter
C19—MOC 3010 optically couplad Lriag
driver

TR1—mac. & amps, 200 woits
Other componants
RY1—SPDT miay, 5-woit, 72 mA coil
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FIG. 10—YOU CAN CONTROL high-voltag® circuls by efiher adding 8 solid-state or mechanical relay

(as in &) or by using 8 iriac driver and triac (as In b).

that it can handle a greal deal of power (for
example 35 amps at 110 volts), and has no
moving parts. That means that your ZX8/
can indirectly control a 3850-waul de-
vice—a formidable sized heater, for ex-
amplc. The imerface circuit for the solid-
slale relay is the same as that for the me-
chanical relay. The solid-state relay’s par-
ticular disadvamage is that il is relatively
expensive (about $18.00 for a 120 volt
AC, 20-amp model)

The software listed in Table 20 is to
control the relay circuits, When the two
routines are stored im a REM statement,
they can be called with a simple "RAND
USR xxx” statement, where xxx is the
slarting address of the routine.

The third power-handling device we'll
look at is a solid-state device for controll-
ing AC loads. The device is called a iriac;
the interface circuit is shown in Fig. 10-b.
Connected 10 the gate of the triac is an
optically-coupied triac driver (which al-
lows a logic signal to control the tnac),
Since the driver is optically coupled to the
triac, the power circuil is elecirically iso-
lated from the computer.

To control the circuit, instead of writ-
ing to a fatch (as was done in the relay
circuit), a set/reset flip-flop (a 74LS73) is
used to generate the bistable logic-levels
that control the power circuil. When an
“OUT [0" pulse is generated, it sets the
flip-flop's cutput to a logic 1, uming the
triac off. When an "OUT 14" pulse is
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TABLE 20—RELAY CONTROL

JE X LDAa 20 Relay
D3 10 oUT 18, A on
Co RET

3JE ™ LD A, 01 Relay
DI 10 OUTIDA oft
0l:} RET -

gencrated, itresets the flip-flop’s output 1o
3 logic  and the triac is tumed on. The
triac circuit is best suited for AC loads up
1o 300 walls, and will not work on DC
loads at all.

The software to control the triac circuit
15 a little different from the relay-circuit
software. The data bus is not needed for
control, instead, Iwo output device-codes
are used. One device code turns the load
circuit on and the other device code tums
the load circuit off. The following ma-
chine language routine is all that is re-
quired to control the triac circuit:

To turn the triac on: OUT 18,A
To wen the triac off: OUT 14.A

Each of the three power-handling cir-
cuits has its own specific advantages. and
depending upan your application you ¢an
choose the device that best suils your
needs.

We've saved the best add-on—a speech
synthesizer—for last. Unfortunately, that
means that you'll have to wait unul next
month for its description. R-E
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JOSEPH J. CARR
MOST DESIGNERS USE

Pa rt the operational ampli-

fier because 11 i$ a versatile device thatcan
be used in a wide range of applications.
Gain can be set using only a pair of re-
sistors, and the device can be made stable
by adding a few external components.

Some devices, called frequency-com-
pensated op-amps are unconditionally
stable—a decided plus in some applica-
tions. There 1s a trade-off, however. as
those devices suffer in terms of frequency
response.

Despite its popularity, the “standard™
op-amp is not the be-all and end-all for all
applications. There are times when some
other type of op-amp should be used. In
this article. we are going to discuss (wo
lesser-known operational IC amplifiers:
The Current- Difference Amplifiers and
Operational Transconductance Ampiificrs
(CDAs and QOTA 's).

Current-difference amplifiers

The CDA is sometimes called a Norton
amplifier, aflter Norton's network the-
orem, because it can be modeled as a
current-source and resistance. The sym-
bol for the CDA is shown in Fg. 1.

The CDA is an AC amptifier. although
it will also handle DC signals provided
that a large DIC output offset potential can
be tolerated.

Figure 2 shows the basic inverting fol-
lower CDA ciscuit. Qutwardly, there is
similarity between that ciscuit and the in-
verting follower op-amp circuit, es-
pecially when configured for AC signals

DESIGNING
LINEAR IC’S

Although operational amplifiers are widely used in a variety of
applications, there are some op-amps types thaf are still
relatively unknown. In this article we’ll look at two such
devices, the CDA and the OTA, and see how they are used.

W

INVERTING
INPUT

Va
NDN-INVERTING
iNPUT

AG. 1—SCHEMATIC 5YMBOL tor the CDA or
Current Derence Amplifier. Another namae for
the CDA s 1he Norton ampiifier.

only. There is 2 feedback resistor (R2)
between the output and the inverting in-
put. Signal is applied to one end of the
input resistor (R1); both Rl and R2 form a
junction with the inverting input. Capaci-
tors Cl and C2 block DC components,
passing only AC signals. A DC bias cur-
rent (5 wA to 100 pA), Ippn is applied 1o
the non-inverting input of the CDA.

Unlike the conventional op-amp. the
gain of the current-difference amplifier is
given only approximately by the ratio of
feedback to input resistances (R2/RI).
The actual gain may be slightly different
in practice.

The first step o the design process is (0
set a quiescent point, that is, the output
voltage, V., when the input signal is
zero. The equation governing the quies-
cent point is:

VagrR2 (nz )
+, — 1
R3 Vo\ g

where V., is the quiescent output potential
in mlts’%REF is the reference potential in

Vo
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volts. and the resistances (R1-R3) are ex-
pressed in ohms,

Equation | lovks imposing on first
glance (at least more so than RVR1), but it
is really not that bad. The term VRrEPfRJ.
for example is merely Ohm’s law for cur-
rent lgep 2s the lefthand term reduces toa
simpler term L. X R2. The right-hand
term is used to account for the contribu-
tion of an input transistor junction poten-
tial to the 10tal output offset voltage. Since
that wransistor junction potential is effec-
tively applied to the non-inverting input,
the gain it sees is RYR1) + 1.

The key to designing curreni-difference
amplifier circuits is to set a reference cur-
rent (Iggs) that will set the desired quies-
cent value of V. The 5 pA to 100 pA
constraint noted earlier must be observed
however. in which case the gain is approx-
imately —RX/RI1.

Selection of values for the circuit com-
ponents is further constrained by certain
other factors. The gain, for instance, will
help determine RZ/R1. while the mini-
mum required inpul impedance sets a
lower limit on the value of R1. Similarly,
the reference potential (Vg,p) may be
constrained by other factors. [ economics
or some pressing need for a specific po-
tential inlervenes, for example, we may
not be able to influence Vogp In many
cases, especially where low cost is a fac-
tor, Vpgp might actually be the ordinary
+ V power supply, especially if +Viis
normally regulated.

In still other cases, the Vg potential
might be derived from a special power
supply circuit whose main function is to
serve as the ¥y pp source. Low-cost three-
terminal IC regulators make that alter-
native more attractive. especially when
there are several CDA devices in the Cir-
cuit so that the cost is spread out.

The frequency response of the circuit in
Fg. 2 is governed on the high end by the
properties of the CDA, and on the low end
by the values of C1 and C2. The values of
those capacitors should be high enough to
pass the jowest frequency that you nor

Vie 0 R 2
o— :

-

’

LI (» gi—?
5 i i

F1G. 2—BASIC INVERTING FCLLOWER CDA clr-
cull. Note the aimilarity between this and & con-
ventionsl op-amp Inverting {oliowsr

3 v861 w3aW3LES


www.americanradiohistory.com

RADIO-ELECTRONICS

4
-]

mally expect the amplifier to encounter.
In general, that is found from the equa-
tion, f= 116.28RC.

A non-inverting follower circuit is
shown in Fig. 3. Note that that circuit is
also similar to its operational amplifier
counterpan.

The signal is applied through an RC
network to the non-inverting input of the
CDA., and a feedback resistor is connected
berween the output and the inverting in-
put. Note. however, that the circuit de-
parts from the op-amp version in that there
is no input resistor between the inverting
input and ground. As in the previous cir-
cuit, a reference current is also applied to
ihe non-inverting input. Again, the refer-
ence cument is 5 pA o 100 pA. The
voltage gain of the circuitin Fig. 3is given
by the following:

A o 'ReER2
¥ TZ5H1

where lpep is Vpee/R3. Again, we have
some constraints besides the reference
cumrent range. The gain determines R2/
RI, and input impedance sets a lower limit
to RI.

The lower-end frequency response is
set by network RI-Cl. The values of those
components are selected according to
[=1/6.28RI1C1, with the minimum value
of Rl set by the input impedapce require-
ments. As with all non-Inverting fol-
lowers, that Zy,, value shouid be not less
than ten times the source impedance of
the stage or device preceeding the current-
difference amplificr.

The CDA is especially suited to ap-
phcations requiring AC amplification but
whene only single-sided DC power-sup-
plies are available. If bipolar DC supplies
are available, then it might be reasonable
10 use an ordinary operational amplificr in
its place.

An example of 2 CDA 1s the National
Semiconductor LM-3900. That IC con-
tains four CDA amplifiers in one IC pack-
age.

The OTA

The OTA is, in many respects, similar
to the ordinary operational amplifier. In
fact, the OTA resembles an op-amp even
more than the CDA does.

So what is a “transconductance” am-
plifier? Most of us are used to thinking in
terms of voltage amplifiers, or cumrent am-
plifiers, but the term transconductance
amplifier is strange.

To get a better understanding of what’s
involved, let’s first discuss what is meant
by the transfer function of an amplifiet.
This term is an expression of the “"gain®
of the circuit in terms of input and owtput
signals, and is expressed as the ratio of
output over input. For an ordinary opera-
tional amplifier, therefore. the transfer
function is Vo/V,. [n carlicr instaliments
of this series, we discussed voltage gain

*¥ee
or
Vuir

FIG 3—THE NON-INVERTING FOLLOWER CDA
circult slsg Strongiy resembles it conventions!
op-amp counterpart.

INVERTING-
INPUT

F
-y

! a8t

HON-INVERTING
INPUT

FIG. 4—THIS MODEL of the OTA shows:the
#quivalent circult of that device.

(A+) and gave a resistor-ratio equation to
describe gain. For the op-amp inverting
follower, the gain transfer function is
given by:

e e

VIN F‘IN

For a transconductance amplifier, the
transfer function is defined as an output
current over an input voltage, lo/V,. Since
that ratio also defines electrical con-
ductance {in mhos or siemans), the ampli-
ficr is called a transconductance ampli-
fier. It's **gain" is expressed by the fol-
lowing equation:

fs S il

where G is the transconductance in si-
emans {note: | sieman = 1 mho), ¥, is the
input potential in volts, I is the output
curmrent in amperes, and K is a propor-
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tionality constant. The value of that pro-
portionably constant may be 1.

Figure 4 shows a model for the opera-
tional transconductance amptifier. The in-
put circuit models as a resistance (Ryy)
and is essentially the same as an opera-
tional amplifier input circuit. If the OTA
were ideal, then Ry, would be infinite, but
for practical (in other words, real) devices
R, is simply “very, very high™.

The output circuit of aconventional op-
amp can be modeled as a Thevinin equiv-
alent circuit, which consists of a voltage
source and 2 series “looking back™
(source) resistance. The OTA differs from
the op-amp in that its output is a Norton
equivalent circuit consisting of a cumrent
source in parallel with the locking back
resistance (Rg). For those OTA devices
that use a programming bias current
(l4pc) the value of R, is given approx-
imately by

Ap = 7.5 {lasc)

where R, is the output resistance in
megohms and [,pc IS the programming
current in milliamperes.

The programming bias current is the
key to not only normal OTA operation,
but also several special applications for
which the OTA seems specially suited.
We know that the transconductance G is
set by

Gm = 19.2 (lac)

Avo - GmHL

where G, is the transconductance in
millisiemans, [, is the programming
current in milliamperes, Ay, is the open-
loop woltage gain, and R is the OTA
output resistance.

From the foregoing equations it should
be evident that cumrent 1, - controls the
operation of the OTA.

The CDA and OTA differ from the nor-
mal operational amplifier, but each have
special applications for which they arc
uniquely well-suited. Im some cases,
those special [C amps are betier suited to
an application than the op-amp, and so
should be used.

The CDA, for example, is well-suited
to mobile, portabie, and vehicular ap-
plications in which only & single power
supply is available. The ap-amp, ifused in
such applications, requires two external
resistors to bias the non-inverting input to
a potential of 0.25 toc 0.7 volt.

The OTA generally uses two power
supplies; + V and — V, and so will not be
used in some applications for which the
CDA may be suited. There are situations
where the OTA is preferred. The ability to
modulate the reference current permits a
wide range of applications.

In the next installment of this series we
will consider some devices that are proba-
bly not familiar to many readers, includ-
ing such devices as isolation and
logarithmic amplifiers R-E

and
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continued from page 26

distributed via cable without any
problems.”

Assuming that the existing 262.5
lines per field is maintained, then
doubling the field rate to 120 Hz
would double the line rate (and
writing speed). The bandwidth re-
quirements would approximately
double. If the existing NTSC sys-
tem would support 120 fields-per-
second, you can bet that it would
be in use by now! Even if the stan-
dard 60-Hz field rate were main-
tained for the transmission medi-
um and each field were displayed
twice, then some type of compli-
cated (expensive) frame storage
system would be required for the
monitor.

Incidentally, a different 3-D sys-
tem intended for computer gener-

Our company, Minotaur Engi-
neering, has developed a “BSR”
interface for the Timex Sinclair
1000 (ZX81 computer that will do
many of the tasks described by
your project, and very inéxpen-
sively. It has a real-time clock, all
the necessary software, and it con-
nects to the expansion bus of the
computer. It will also control 256
lights and appliances over the AC
wiring of a house or apartment. As
an option we have avatlable a ther-
mostat controller and we include

Federal tax forms to apply for the
Energy Saver's Credit.

At $74.95 for the main controller,
we feel that it could be a very cost-
effective add-on to an inexpensive
machine, and a profitable solution
for individuals seeking home en-
ergy management/control solu-
tions. We remain your avid
readers.

CORDON CROSS
Minotaur Engineering
1840 East University

Mesa, AR 85203 R-E

ated images has been developed |

at Georgia Tech’s Engineering Ex-
periment Station. According to
the inventor, the image is coded by
the computer for viewing through
inexpensive eyeglasses which are
not electronically controlled in
any way.

LEN CAYCE

Marietta, GA

HOME CONTROL COMPUTER

Your article on the “"Home Con-
trol Computer,” (Radio-Electronics,
April, May, and June 1984), was
both interesting and informative.
In it you discussed the implemen-
tation of home control with one of
the many home computers avail-
able. We could not agree more
with your conclusion that this is a
terrible waste of computing power
and money, because it requires full
dedication of all computer re-
sources available to a single task.
Your approach was to construct a
computer controller to free up the
other machine.

We feel there is an additional
alternative available to individuals
who haven’t either the time or ex-
pertise to construct your project.
You correctly maintained that
home computers are too expen-
sive to have sitting around doing
home control all the time. We feel
this is correct only if the computer
is expensive.

Service it!

VACO

1510 Skokie Blvd

¥aco Froducts Company

The wonld lomous Saper
! Cgie. ComPleis with 43 of
! 1he most popilar and
Protessional problem-solving
| tools. Prom screwdrivers Gnd
| putdrivers to Pliers, wrenches.
¢rimPing tools and more. A
suPerl vare'Y and suPer
| value. All unconditionally
wananied rom Yace. of
course, The 30Per Case and
all the [lDe YVaco tooly can be
| seen I out latest cotaleg. It's

| tzewn. just wrile.
- \w

Professional
Super Case
70260

Builds tools
like your job
depends on it

Northbroox, 1L 60062 U.S.A.

CIRCLE 13 ON FREE INFDRMATION CARD

WWWW americanradiohistorv comm

P61 HABWI 1 TS

-4
o


www.americanradiohistory.com

RADIO-ELECTRONICS

[+ -]
(=]

DESICNER’S
NOTEBOOK

Designing with the Schmitt trigger

THE SCHMITT TRIGGER 1S AN INCREDI-
bly useful circuit element whose
popularity has increased since th
introduction of the integrated cir-
cuit {(IC). You can make a Schmitt
trigger out of discrete compo-
nents, but it requires that careful
attention be paid to the math, plus
the frequent use of non-standard
component values. And even
then, the results of hours of paper-
work have a nasty habit of “blow-
ing-up” when they‘re translated
into real-world circuitry.
However, integrated circuits
{and the control possible in man-
ufacturing them) have changed all
that. Today, Schmitt triggers show
up in many applications, and, be-
cause of their unique properties,
have simplified what used to be
some really hairy circuit problems.
This month we'll look at just one of
the ways those circuits can elimi-
nate all kinds of design hassles.

Schmitt-trigger osciltators
Everybody has seen the circuft
in Fig. 1. If you have one Schmitt
trigger, a resistor, and a capacitor,
your clocking problems are
solved. Any time you need an os-
cillator for some down-and-dirty
clocking, you couldn't ask for any-
thing simpler. Its output is a typical
example of why Schmitt trigger
IC’s are such useful design ele-
ments. The symmetry of the out-

fo =072 RC
—o fox Vpp ® 10V}

| . Rz

R1 47042

Yin C‘—%—ﬂ ‘il
1% 4049

ROBERT GROSSBLATT

+HOV

at
[LEL 3

c2
|

1]

l'.l_"i'i

15 -V}
fo" Tirie (FOR Voo * 10v)

put duty-cycle is well within
shouting distance of a perfect
50-50; power requiréments are
low; and the circult oscillates pret-
ty much between ground and the
supply rall. The output frequency,
however, will depend on several
factors including the supply volt-
age, and the threshold voltages for
the IC. for 10-volt operation, the
output frequency, f, of that circuit
will be close to:

f=072(RC)

A much more useful application
of the Schmitt trigger in building
an oscillator is shown in Fig. 2.
That circuit Is a low-power VCO
(Voltage Controlied Oscillator)
that is easy to build and has the
added advantage of being linear
over a wide range of voltages. The
circuit Is a bit more complicated,
but much more versatile than the
previous one. For openers, the
output frequency can be calcu-
lated with a high degree of preci-
sion. For 10-volt opération, its
output frequency is:

f= (5 —V,JA3.6RICN)
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FIG. 2

There are, however, some un-
usual things to watch out for when
using it. For starters, the expres-
sion that shows how the frequency
varies with the voltage is:

A ,

ay  3.6(R1C1)

Don’t worry about where that
expression came from—the im-
portant thing to note is that the
minus sign indicates that as the
voltage increases, the frequency
decreases.

To understand what the limits of
the circuit are, let's see how it
works.

How it works
The inverter (IC1, a 4049) acts as
an integrator and produces a ramp
voltage at its output. (A ramp is a
linearly rising sawtooth wave, so
named for its resemblance to an in-
cline—like a staircase.) The inte-
grator continues producing the ramp
until its threshold voltage is reached.
Because we're talking about a CMOS
inverter, the threshold voltage is
equal to half the supply voltage.
continued on page %4
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continued from page 58

Acld-base balance

if the pH of the blood is not near nor
mal, the heart and other organs will not
function properly. Cardiac arrhythmias
may occur. making the problem worse. It
is possible 1o have a respiratory or a meta-
bolic acidosis. A respiratory acidasis oc-
curs when the content of carbon dioxide
in the blood is abnormally high. Meta-
bolic acidosis occurs when there are acid-
ic chemicals present in abnormal amounts
or there is less than the usual amount of
sodium bicarbonate.

A type of metabolic acidosis called lac-
tic actdosis occurs when the body ineffi-
ciently uses glucose to oblain energy.
When that happens. lactic acid is pro-
duced and released into the blood. Ineffi-
cient use of glucose will occur when there
is not enough oxygen to permit the effi-
cient use of glucose. That would occur
when pulmonary function was insuffi-
cient or when there is shock.

Thus, when a person is not breathing
well, it is possible to have an acidosis that
is partially respiratory and partly meta-
bolic. Metabolic acidosis can also occur
when there are acids in the blood in great-
er than normal amounts, as with certain
poisons. Also, when diabetics do not have
enough insulin and use fat to obtain ener-
gy. enough acids may be produced to
cause a mctabolic acidosis.

Knowing how severe an acidosis is and
whether it is respiratory or metabolic will
help the physician Jetermine what treat-
ments arc needed to bring the patient back
to normal. Chroni¢ disturbances to which
the paticnt has adjusted are not changed
by the physician, as they are normal for
that patient. Acuie. new disturbances
should be corrected. In general, respirato-
ry acidosis is corrected by improving
breathing. Metabotlic acidosts may be cor-
rected by giving intravenous sodium bi-
carbonate as well as by treating the
underlying condition. depending on the
reason for the acidosis,

Blood pressure

Any interference in the function of the
heart may decrease the blood pressure.
Loss of blood volume, as with bleeding or
dehydration, will also lower the blood
pressure. During myocardial infarction it
is desirable to keep the blood pressure
from being too high so as to reduce the
work of the injured heart. During brain
surgery ft is sometimes necessary to lower
the blood pressure to reduce bleeding.

If thve blood pressur. becomes 100 low,
a person will become confused duc to
decreased circulation to the brain. With
low blood pressure, the heart will not re-
ceive enough oxygen through its own nu-

trient arteries, the coronary anefies. Also.
after several hours of low blood pressure
the kidneys will suffer damage.

Blood pressure can be controlled on a
minute-by-minute basis by giving intra-
venous fluids or drugs and by applying
external pressure to the abdomen and legs
with pneumatic compression devices,
sometimes called anti-shock trousers.

Measuring blood pressure

Blood pressure can be measured in
about 30 seconds by inflating and defiat-
ing a pneumatic cuff about the arm, Lis-
tening over the front of the elbow with a
stethoscope will allow one to measure
blood pressure during deflation. The
blood pressure measured is that of the
brachial artery. which one can feel by
pressing firmly on the front of the elbow.
When the pressure in the cuff becomes
less than the maximum (systolic), blood
pressure, turbulent biood flow will cause
sounds to be heard with each heartbeat.
When the cuff pressure becomes less than
the minimum {diastolic) pressure, tur-
bulent Aow is less, and the sounds become
greatly decreased.

Electronic instruments are available
that inflate and deflate a blood-pressure
cuff and listen with a microphone 1o deter-
mine the systolic and diastolic blood-
pressures. The heart rate is also measured
by some of those instruments.

When the blood pressure is low, sounds
are difficult to hear. It is then useful to
detect blood flow with an ultrasonic flow-
deteclor. Such devices transmit an ultra-
sound signal. The ultrasound signal is
produced by a crystal transducer that
causes a mechanical vibration. Ultrasonic
frequencies of 1 1o 10 MHz are commonly
used in clinical applications. A portion of
the energy transmitted is reflected back to
the transducer (or a separate receiving
transducer) within miltiseconds. When
the returned signal has been reflected by
moving blood, the frequency of the signal
is shifted by several hundred to several
thousand Hz. That is the Doppler shift,
similar 10 that encountered in radar. The
Doppler shift is detected by mixing the
received signal with the transmitted-os-
cillator signal. The high-frequency carrier
signal is then easily filtered out. The Dop-
pler flow detector can be used with a loud-
speaker (o help one listen for the blood
pressure.

[t is sometimes desirable to place a
catheter (a plastic wbe) in an artery in
order to continuously measure the blood
pressure. The catheter is connected by
plastic bing containing saline (*phys-
wlogical salt water™) solution to a pres-
sure transducer. The blood pressure can
then be continuously measured. Biood for
arienal blood gases and other tests can be
drawn from the same catheter, avoiding
repeated needle sticks in patients who re-
quire many bloed tests. R-E
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60MH1 or
” 100MmH: scope?

Look at all the
features of
B&K-PRECISION's
60MHz 3-trace model!

With most of the leatures you
would expect to find on 100MHZ
scopes, the Model 1560 1S the
ideal scope for situations where
a 100MHz unit is not essenti@l.

Check these features:

s 1 mV/div sensitivity

» Signal delay line

* Video sync separators ﬁl
* X-Y pperation ® Z axis input —

* 16 KV accelerating voltage

* Delayed sweep/dual lime base
* Single sweep * Auto focus

* V mode - displays two signals
unrefated In frequency

* Sum & difference capability
s Channel 1 cutput
» Includes probes

For $950, the 40MHZ, Model
1540 has all the same features,
except it is dual trace with 12kV
accelerating voltage.

In stock for immediate delivery
from your B&K-PRECISION
Distributor.

o PRECISION

DYNASCAN
CORPORATION

G460 west Cortland Sireet
Chicago. llnais 60635 - 112/885-9087

IR el S G W Carlland O Sheceil L Ty
Chraidd Taink aliey Bleinge iy Owiars

* X10 sweep magmfication |'

\ Setbwin Bl Carlen demgr < 0n Saige
Emgers Bopisrbiy i MEaadn, iy Y] /
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Intercom modifications

OVER THE PAST FEW MONTHS WE RE-
eived-several inquiries—con-
cerning intercoms: It appears that
a number of you wish to modify
them to suit your specific needs.
So, this month, we'll take a look at
a couple of the changes that you
want to make and see what must
be done to make those modifica-
tions work.

Our first request comes from
Dick Ryszykow (NY), who wants to
know how a speaker can be made
to function as a microphone as
well as a speaker. Well, all speak-
ers are actually crude micro-
phones. You can prove that to
yourself by taking your stereo
headphones and using them as
microphones for your tape deck.
In order to use a speaker more
efficiently as a microphone,
however, you have to be con-
cerned about impedance match-
ing. The impedance-matching de-

Ao
OUTPuUT

~ FORMER
TEANS ME SPKR

gl =i

IMPEDAMNCE

HiGH
IMPEDANCE
o

SPKR{mM1IC “
[ LO

IMPEDANCE

Auvpio M
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INPUY BANC

TRANSFORMER
b

FIG. 1

3 1vo
ALTABLE INTEARCOM
MULT = P AP
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EARL “DOC” SAVAGE, K45DS,
HOBBY EDITOR

1000 ohms) side of the transformer
is connected to the amplifier and
the low side (say, 8 ohms) to the
speaker. Thus, both devices "see”
the proper impedance and they
work well together. But how can

we use a speaker as an input de-
' vice or microphone?
RE MRS First, consider that a micro-
SPERHER :
TR phone must produce electrical
y signals corresponding to the audio
s e T
‘_",o—j INTERCOM
i Amp
1 INPUT
LOCAL L}P —
sPxafmic e
]
]
I
J »
o INTERCOM
ouTruT
|
REMOTE \Lf . —-
SPEAKER
O—— ]
SWITCH
4roT
FIG.3

vice usually used is an audio
transformer.

Speakers are low-impedance
devices, normally on the order of
3.2 to l6 ohms. Most amplifiers,
whether for intercoms or what-
ever, have high-impedance input
and output circuits. In order to
avoid distortion and signal losses,
the impedances of the speaker
and amplifier-output must be
matched.

You are familiar with the use of
an output transformer between an
amplifier and speaker, as shown in
Fig. 1-a. The high-impedance (say,

WwWww americanradiohistorv comm

source. A speaker normally does
just the opposite—it produces au-
dio that corresponds to electrical
signals. But if sound waves strike
the speaker cone, it vibrates; that,
in turn, vibrates the voice coil.
When the coil moves, it cuts across
the flux lines of the magnetic field
{produced by the speaker’s per-
manent magnet) and an electric
current is generated. Thus, you
have an electrical signal that corre-
sponds to the audio source.
Unfortunately, you can’t just
connect the speaker to the high-
impedance input of a typical am-
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OMPUTERLIIGEST

NEW KIND OF MAGAZINE FOR ELECTRONICS PROFESSIONALS

BUILD THIS PRINTER DELAY

ANd conNECT YOourR Commodore 64
TO A WidE VARIETY of pRINTERS

IRCUIT-BOARD DESIGN BY COMPUTER

JSE YOUR COMPUTER TO TURN schemarics inTo PC board patrerns
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Sofl,ware Shore

New for our readers....A mailorder source of software for Atari 400, Atarl 800, IBM P C, Commaodore vic-28.
Apple Il, and other persenal computer systems.

IBM PC

} FLIGHT SIMULATOR by M-

crosoh . List $49.95. Our price
$43.00. Haghly accurate sim-

ubibon of Mght in & pea-engine
ancratl, Worong nsiruments.
Out the window graphics. Real-
bma fight condmons. (IBM P C,
£4k, color graphics, disc)

| EASYWRITER Ml by In-
formanon Unhimited .. List
$350.00. Qur price
$300.00. T your com-
puter into & word

You seq #eary.
thing 0N the screen, Themne
ame no imbedded com-
mands {(IBM P C, disc)

[] DEADLIMNE by In-
focom ... List §49.95,
Our pnce . $43.00, A
loched door, A dead
man, You hawe 12
hours to solve the mys-
tery. Ona taise move,
and the killer sirkes
again (IBM P C_ 45k.
disc)

[} ALGEBRA. Vol. 1 by Edu-
ware ... List $39.95. Our price
... 534.00. A first year algebra
tulonal povesing dehnilions,
number ine operations, sets,
etc. (IBM P C, 48k. color
grpahies, disc)

-

] MICRO/TERMINAL by

Danka. ang ofhed pedsonal

PCTUTOR

{1 PC TUTOR by Comprehen-
sve Software ... List $79.95.
Our pnce ... $69.00. Imeractrve
program |eaches you how o
use your 18M Personal Com-
purier Including hardware and

“sefies Of ni-res screans. An

| Microcom .. List $34.95. Qur
price ... $83.00. Allows ac-
Ccess o remofe Muntrames
and minia, Information dala

compuiers {IBM P C, diac)

APPLE

[ PRISOMNER2 by Intaractive
Fantasies . . Lrst $32.95,. Our
pnce .. $28.00. Escape is
hardly possble The island
koo you under Sunillance.
Just iy @ get out! (Apple I,
48k, disc)

_| PRISONERZ by Intarac-
e Farasies ... List $39.95.
Our price .. $34.00. (Atan
hse)

[ THE MASK OF THE SUN
by Ultrasofl Inc . Lis1 $39.95.
maled adventurs through &

ulimate advenhune challenge
{Apple NI, 48k, disc)

[] MASTERTYPE by Lighting
Software ... Lilt $39.95. Qur
Pioe .. $34.00. A lyping in-
SIrUCTion sysie an exciting
hi-res game format. Learn o
type while batting waves of
ATtACKIMW] Bnemy words. (Apple
1l 48k/64K, disc)

THE GRAFHICS MAGH
CIAN by Penguin Soltware
Liat $59.95_ Owr pnce
$53.00, Make your Own ani-
maled ich. Handles
32 independent obyects.
Siofes hundreds of color pic-
tures {Apple |, 48, AI5C)

[l RENDEZVOUS by Edu-
ware ... List $39.95 Our pnoe
. $34.00, in lowr phases, $im-
ulates an actual Space-shutiio
fisghi trom Earth Liftol through
Orbitai Rerdezvous and Ap-
proach to Alignment Docking
with 2 Space slstion. H:i.rez
raphecs (Apphe I, drsc)

T

SAT WORD ATTACK
SKILLS by Eduware ... List
$49.00. Our price ... $43.00. A
tuloral fr mastening vocabu-
lary, deciphenng new of
untamihiar wonds. and faking
tests {Appie Ji, disc)

COMMODORE ViC-20

[J PIPES by Creairve Software
.- List $39.95. Char prce
$34.00. Conned| & ppekne
from the water supply 1ank 10
every house, Walch out ke
leaks s as liftle pipe 88
possibla. 5 skifl levels. (Com-
maodore VIC-20 cartrige)

[ SHAMUS by Human En-
gineered Software ... List

$19.94, Qur pnce ... $34.00.
Ondy you can Stop the Shad-
ows mad rexgn of terror Two
ievels wilth 20 rooms each A
joysuck challenge. (Com-

modore VIC-20 cartndge)

[J] HOUSEHOLD FINANCE
by Crealive Sottware . List
$17.95. Our price ., $15.00.
Homa utity program mcords
and analyzes your monthly in-
come. expenses and budget in
16 categores, (Commodore
VIC-20 tape cassette)

[0 HOME OFFICE by Creanve
Software . List $29.95. Our
price ... $25.00. Combinas

VICPRO, a Nexbie and effi- k>

ciant word processor with Ej
VICDATA & powertui and so- [
phisticated informaton Storage

and reireval sysiem. (Com-

modone VIC-20. cassetls tape,
Bk acdibonal memaory requined)

ATARI
. ] SUBMARINE COM-
MANDER by Thomn EMI ... List
$49.95 Our pnce ... $43.00. A
wbmasing patrol simulator Lo
w hunt and desiray enemy Ships.
g skill levels. Plugy-in cartndge.
[Atan Carindge 400:800)

APPLE

[ MINER 2049 by MicroLab
List $19.95, Our prica .
$34.00. Chase into & Ura-
nium mine thry 10 levels of
traps v capture Yikon
Yohart. Scale ladders. jump
rom moving platiorms, and
win—if you can. (Apple I,

ety 3 2 3 LA R R B s P P T T R NI T R YN R Y s Y R Y Y B o BN g B g i N B o N b o ¥ o o N N BE N ¥ B &k F §p §
>

software. {IBM P, 64k, disc) - — 48k, disc)
Radio-Electronics Software Store
200 Park Avenue South
New York, NY 10003
Number of nems ordered B
Tolai Pnce of Softwane — S — Address _ —
Sales Tax (NY State Resxients Must Include)
Shippang ($2.00 per kem} City State ZIP
TOTAL ENCLOSED (Sery. No COD's) el LaeSren

SORRY - NO CREOIT CARD ©R COD ORDERS
L--------------------------------------------------
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7 Printer Delay for the Commodore 54 Page 10
Build this guick-and-easy project to trick your Commodor 64 into
thinking it’s working with a Commodore printer. Herb Friedman

10 Computer-Aided Circuit Board Design
Use your computer to design PC boards and you save a lot of time
—-and money. Here's bovy the professionals do it Glenn Calderone

14 Memories are Bits and Pieces
Let's clear up some of the confusion and misinformation about

computer memones. An in-depth report from our expert.
Herb Friedman . 3.3 s
4 Editorial | -
gL CI LT
5 Letters :I:-.ll::'.nl
el
5 New Products
Page 14
3

ON THE COVER CompurerDiGEST

The small device shown connected to the Commodore 64 is one BUILD V1S PIINTER DELAY

that you buitd yourself. With i, the Commodore won't lock up, and et fyoron v i 1
will operate even though the printer in use is not a Commodore

unit! See page 7 CIECATTROARRUREERINT FauPy 168

SEPTEMBER 1983 — ComputerDigest 3
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EDITORIAL

Getting friendlier

Bin an obvious appeal to those who have little or no experience with
computers (and that's still practically everybody), many manufacturers have
used the words “User Friendly” in their actvertising. well, that may be all
well and g00d, but just how user friencly can a computer be without going
compietely overboard? Let’ face it: Computers really burst on the scene
with a suddenness that rivals an atomic explosion. The technology came

screaming & us out of no place, and ACtually caught most of us completely

unprepared for the veritable onslaught! The point is, that unless you leam
something about computer technology, no computer will seem “user
friendly.”

The first, and most cbvious result of the computer Doom was that—since
nobody knew an awful 10t about the subject—anybody with an interest
could become an ovemight expert. The kids latched onto that, and picked
up on the buzzwords first, the technology later.

well, the first wave is over Computers are here, they perfom an
important and worthwhile function in nearly every business you might be
involved with and, wonder-of-wonders, you do not have 1o leam to
program to operate and gain benefit from the use of a computer You don't
have to be an “expert *

S0 what happened? Those of us who wanly eved this new phenomenon
agd decided to dip a toe in the water, quickly [eamed about the benefits of
computers. Our approach to computing became more and more daring.
We experimented, met {usually) with success, and went on to bigger and
bé'%ter things. Our expertise—in spite of ourseives—arew We leamed, often
By trial and error what the computer could and could not do. And “user
friencly” began to have some good, solid meaning for us.

As the trust between man and machine began to grow, and as the
computer praved jtseif in value, something else became patently obvious.
There is a large segment of the community out there that stitl hesitates to
take the big step. They probably recognize the inevitability, yet they
procrastinate. That's why | feel that we, a8 regular computer users, owe it to
them and tO oursefves to "convert” those people. We all know who they
are, Take a positve step. Imvite them to see how the computer works. Give
them an opportunity o get some hands-on time on your computer. Sell
thern on the benefits. Remember that as more people buy more computers,
not only will the prices will drop, but the technology will advance—and
that's going to be good for all of us.

Tell your non-computing friends, "C'mon in. The water’ fing!”

Byron G. Wels
Eclitor

Gomrgumbignt i putished monthly B8 an mnger in Asdo-Electroncs magazne by Gernsback PubkCsions. inc.,
200 Parv dverue South, New York, NY 10003, Seconc-Ciass Posiage Paid at New York., N.Y. and addmional maiimg
olfices AR tighls resenved Printed in LS A

A Do gent- < Brvwiope musi Oany al sy aphs il
theie retum & desired 3houid they be rejecied We disciawn any responsibrlity KF ihe 1088 of damage 0l mahuscrpts
and‘or artwork of hciographe wihite I OUF DOSSESS0N OF Otherwise

¢ Manuichiots ana'or ariwork or
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LETTERS

Likes us

Just wanted to tell you that I'm a
neophyte when it comes to
computers, and the instruction
manuals that came with my own
unit were s Compiex that an
engineenng degree would be
needed to make head or tails of
‘em. I've been tentatively using a
"poke-and-try” System to learn
about the computer, but it wasn't
until | started reading
ComputerDigest that | really began
to make some heacway and
__understand what was going on.—
L. R, Fargo, SD

There s an oid saying among us
wiitertypes.. . "Write to express,
not to impress.” It's our credo here

at ComputerDigest, and we wish
mare of the computer magazines
would adhere to it.

Here we go again!

I'm concemed that Radio-
Electronics will 9o the way of
other electronics magazines and
orient themseives more towards
computer technology exclusively
While ComputerDigest 15 only 16
pages now, | suspect that in a
couple of months, you'll be
making it 17 pages, then 18 pages,
and so on..—D, P, Fresno, CA

No. 'Bin't so! Radio-Electronics
will atways remain Radio-
Electronics, and thats the way its
going to be. ComputerDigest is in

no way 3oing to ever be more
than an offspring Please don't be
the least bit concemed that this
supplement will in any way difute
the wonderful content of the
magazine you have come [0 know
and love,

wants to subscribe!

I've been looking all through
both Radio-Electronics and
ComputerDigest to find a card that
will ket me subscnbe to
ComputerDigest magazine. How
can | subscribe to Computer
Digest?—P D., New York, NY -

Right now; you can't. The only way
to get ComputerDigest js to sub-
scrnibe to Radio-Electronics! @

' COMPUTER PRODUCTS

For more details use the free
information card inside the back cover

COLOR-GRAPHICS PACKAGE, flying
Cofors, for the Commodore 64 is the
latest in & senes of CoMputer-graphics
products for microcomputers. A
wandowed screen menu lets the user
pick the desired functions for drawing.
Users can acjust their drawing
speed for exacting detail work, and
pant with & selection of different
colors and brush 5:2es. Text can be
added amywhere on the »Creen, and a
snd feature helps users 1o align their
piCtures The pictures Can be saved
and retneved from disk. flying Colors

CIRCLE 131 ON FREE INFORMATION CARD

5 priced at 539 95—The Computer
Colorworks, 3030 Bridgeway,
Sausalito, CA 94965,

PORTAELE LINE CONDITIONERS, the
KLR series, are designed to protect
sensitive computer equipment.
Avallabie for 250-, 500-, 1000-, and

LU ASL L,
//////////,///,;,
777

TRRRRRRNNN
SRR
ST RRAAANN,

CIRCLE 132 OH FREE iINFORMATION CARD

2000-watt loads, the KR ine
conditioners delrver 120 volts at 3%
regulation for 90- to 140-volt variauons.
With 3% THD sinewave outpxat, the
series offers input-spuke suppression,
transformerspike suporession,

WwWww americanradiohistorv. comm

wadetand prefiltenng, and ¢
lire-noise elimnabon

The 250-watt units are price
$992 00, andd S00-watt units at 5391.00
and are enciosed ina 7 X 14 X B
INCh case A larger case (9 X 17 x 10-
inches) houses the 1000-watt model at
$562.00 and the 2000-watt unil at
£977.00 — Electronic Specialists,
Inc., 171 South Main Street, PO Box
398, Natck, mA 01760,

OUTLET EXPANSION, model P22
model P2, and model P12 occupies
one grounded outiet, croviding four to
six in sts place. Each is indivdually
contralted by a iateled front-pane!
switch, each switch has a pitot light,
and Power Director ackds a master
switch for collectve system power-
control. Each outiet is protected
against surges, spikes, and RF noise. A
Circuit breaker safeguards against
problems caused by equipment
overioacts. Cord Clutter is counteracted
by Povver Directors all-in-a-row outlet
organization,

The stand-alone model PP2 (sized
10 s1ack with disk drives, mogems, o
small video monitors) offers four

SEPTEMBER 1984 — ComputerDigest 5
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outlets and is priced at $99.00. The
monitorbase mode! P2 (sized to fit
uncler a CRT of wdeo monitor) offers
five outlets and is priced at $139.00.
mModel 212 (si1zed 1o fit ator an IBM PC
system) offers st outlets, a digital
clock, and a disk-storage bin; 1t is
pricec at $199.00 -——CA Computer
Accessories, 7696 Formula Place, San
Diego, CA 9211

TERMIMAL, the fame-2 features a 14-
inch, green phosphor screen (amber is
optional) and 132 columns of data
There are 20 user-programmabie
function keys, wath rQOm In memory
for up to 1000 characters. The pre-
programmed function keys offer
complete editing capabilities, screen-

NEW TBINCH (DIAGONAL) COLD

o X and ¥ imputs lor H-Resoivtion
o Red, Green s By bnpots

‘DATAPRODUCTS B 50 DAISY WHEEL TERMINAL
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= AS-232 input (" Aecaiva-oaly™ coafigured).
& 300-9600 Paud role Jov Ias1 primt cpaed
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These off-sease DOy Whael lermanats are cieared s Mptiee ! resdy 10 use
Wi daty ang rdo
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e s Expermental Page Scaner I
Found in ofice, Serywhird Twee oty CBN TANUTH & recens
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Prcen 86 not wichate packagas and Shppsng

display control, and quick data
ransmissions from either of two
independently configurabie ports
Flexible features, such as a print mode,
are provided by two ports, which

CIRCLE 134 ON FREE INFORMATION CARD

supROn baud rates to 19.2 kilcbaud
for commymication wath the host and
other penpheral devices Standard
ports promce RS-239C interfaces and
options, including RS492 or current
loop, are available,

The fame-25 split-screen feature
offers smooth scrolling and & wicke
range of video attnbutes, Including
undening, reverse video, blinking, and
blanking. Screen attnbutes o not

o
o

R MOKITORS

199.4,

Now Only

Macterers over Stndard

S'IBg 00 |

UPERATIDIIM.? l

7349.01

unuseo |

ol pace

Orive

) unus:nl
IN BDXES

8339 [Iﬂ

omputer

Prnducls &
eripherals

nlimiied

CIRCLE 68 ON FREE INFORMATIO
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WAREHOUSE 18 Gramite St Hawvethull Mass 91830
HAIL ORDERS Bor 704 Mewton Hew Hampihers 01058

we  617/372-8637

MasitrCad & VISA Accepred

N CARD

oCCupRy screen space. The fame-21s
prced at $765 00 —Falco Data
Products, 1986 Lawrence Station
Road, Sunmyvale, CA 94089,

DIRECT-CONMECT MODEM, the Mark
X is 3 smart, 300-baud auto dial/auto
answer madem. The pnit operates on
most populdr software communica-
tions packages (such as ASCH Express),
and can work manually through a
keytoard, without computer coding;
or automatically to answer and origi-
nate calls at 300 bps for Bell-103
compatibility. The Mark X detects dial
tone and busy signals and automat-
icatly displays dialing status on the CRT

¥

CIRCLE 935 ON FREE IMFORMATION CARD

The Mark X uses a standard RS-232
serial interface. It comes equipped
with a built-ih cable and two tele-
phone jacks, and a 12-volt power
supply The Mark X directly connects
to a modular telephone outlet It is
pnced at $169 00 —Anchor Automa-
tion, In<., 6913 Valjean Ave , Van
Nuys, CA 94106

DOT MATRIX PRIMNTER, the
Imagewniter is avaiable In both stan-
dard and wide-camage models. Both
print ina 7 x 9 dot-matrix rate of up
10 120 characters per second They
also feature eight character-fonts, and

CIRCLE 1246 OH MEE MFORMATION CARD

provide variable resolution, pitch, and
line spacing. Various fonts, underscor
ing, andt sulb- and supenscnpts can be
mixed in the same fine. Bath printers
use either friction-feed or adjustable-
wichth pin-feed tractors. Each also
comes with an acCessory kit that
contains the appropnate connector
cables, a users quide, &1 applications
manuai, and software for printfng high-
resolution graphics.

The standard imagewnier has a retail
price of $595.00. The wide-carriage
Imagewnter is suited for producing
documents that require wide paper. It
is priced at $749.00—Apple Com.
puter, Inc., 20525 Mariani Avenue,
Cuperting, CA 95014, D
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PRINTER

DELAY

FOR THE
COMMODORE
64

Here's how to fool your Commodore 64 into thinking its working with a Commodore printer.

HERB FRIEDMAN

| Just when you begin to think you're ahead of the
game something comes along to remind you that . You
can't win... you can't break even .. you €an't even quit
the dame!”™ Well, that's almost true, because with our
printer delay for the Commodore 64 computer, you
finally get a chance to win cne.

The Cormmodore 64 1s one of the best values in
home-and-family and school computers (why it is is a
subject for another time), but like most computer
manufacturers, Commaodore has put in a few zingers to
keep the customers from using non-Commogdone
peripherals. One of the Zingers is an unusual serial
printer output that works onty with Commodore
printers. Unfortunately the Commodore printers for the
64 aren't all' that great, and there is No inexpensive
daisy printer that will work with the é4—which
precludes ow-cost "letter qualrty™ word processing.

The entire printer problern for the Commodione 64
and the VIC-20 was resolved with a relatvety [ow-cost
interface known as the CARD? {from Cardico, Inc., 313:
Mathewson, Wichita, Ks 67214}, which converts the
“Mickey Mouse™ senal output of the 64 and VIC-20
computers to a standard Centronics-compatible
output. Centronics-compatible means you ¢an use the
Commodore 64 and VIC-20 computers with the most
popular high-performarnce printers from Epson,
Okidata, etc. Even the low-cost daisy whee! printers
from Smith-Corona, Comrex and Brother

But good things don't last. Commodore changed the
ROMSs in the most recent 64, The result s that the 64
will jock up if you attempt to use the CARD? interface
and a popular printer instead of a Commodore printer
The way around the [ock-up 1s to disconnect the
interface from the computer, power up the system, and
then re-Cconnect the interface... a heck of a way to do
things.

A more-convenient way to avoid the lock-up
without going through the disconnect-connect hassle 1s
to build our printer delay, 8 device that delays the
power to the interface for about 6-10 seconds when
the computer is first tumed on. When the printer
delay’s LED glows, you can go ehead and print without
fear or worry that the computer is locked up. (Once
again, another manufacturer’s Zinger is defeated!)

How it works
The CARD? interface has two computer connections.

One is a8 DIN connector that handles the serial output
signals; it plugs into any serial connector on the
computer or disk drive(s). The other connection is a
combination socket/plug adapter for the computer's
Datasette (cassette recorder) connector; it provides
only the 5 volts DC needed by the CARD? interfacer-no
signals come through the adapter connection The
adapter slips over the requiar Datasette connector and
the plug from the Datasette’s umbilical cord plus slips
over the adapter A singie wire from the adapter to the
CARD? carries the 5 volts (the ground is provided
through the serial DIN connector).

Refer to Figqure 1. The prnter detay s connected In
senes with the 5 volt wire from the adapter. When the
computer is first tumed on, 5 volts is applied to the
555 timer, which does not interfere with the computer
After 6 to 10 seconds, the umer provides a voltage to
Q1’5 base, causing Q1 to conduct. The current through
Qs collector flows through reed relay RY1 The relays
contact <loses and applies power to the CARD?

interface. LED1 indicates that power is applied t©
interface.

Construction

While component values are not really critical, it 18
suggested that you do not substitute for relay RY1. The

DELAYED 5vDe
TD PRINTER
FROM INTEAFACE
KEYBOARD
+5YDE -—a——
= L1
10kF 10V

FIG1—SCHEMATIC DIAGRAM OF THE PRINTER DELAY is
simple and stralghtforward with most parts junk-box avail-
able. Do not substitule for relay RY1. Other components are
not critical.
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CARD? interface taps slightly more than 100 mA from
the computer, and the printer delay shown uses about
another 95 mA, most of It for RY1. Otber relays will
probably require much higher current, which might
prove ta be an excessive current load.

The entire project is assembled on a ¥-inch by 2%

+6VDC TO PRINTER I
(DELAYED} o=

+5vDC

GND

5

L e —&)
|-4—— 2.3/8 INCH 55451

FIG. 3—USE THE RECOMWMENDED CABINET, and the PC as-
sembly Just drops Into place. Giving the wires a iwlst or iwo
will provide straln reliet.

-inch printed circuit board (Fig. 2) which can be
tucked into a small plastic “pill box” (fig. 3). The
prirted circuit template shown is the minimum size. [f
desired, you ¢an expand the size of the board 1o fit
larger cabinets, but use the same printed circuit
temptate. For example, a sturdy cabinet was wanted
for the unit shown in the photos, so the project was
assembled in a Radio Shack “Experirmnenters Cabinet,
(catalog No. 270-230). (See Fig. 4.) The outer
dimensions of the printed circuit board were inCreased
to 1% inch by 2 %Ac-inches so the board could drop
directly into the cabinet without the need for any
mounting screws. Locate the hoie for the LED in the top
panel.

All component holes are made with a No. 57 drill.
Even RY1% terminals will fit the No. 57 hole. If the relay’s
terminals don't line up with the holes, just bend the
terminals to fit (they normally have substantial play and

'8 ComputerDigest — SEPTEMBER 1984

FIG.2—FULL-S1ZE CIRCUIT BOARD DIAGRAM Is provided for
those who desire to make their own boards. The above pat-
tern can be reproduced photographically, or traced and
etched.

FIG. 4—POSITION THE PARTS on the printed circuit board as
shown in this reversed view. The LED mounts atop the board
and protrudes through the drilled hole in the cablnet cover.

can be repositioned slightly without bending). (See Fig.
4)

You will find no assembly problems whatever. Just
be sure the right IC and transistor terminals are in the
right holes. Note that as shown in the parts placement
diagram, the lead arrangement for Q1, from left to right
i5-CBE. Shouid you substitute with & transistor having a
different arrangement, either modtify the template, or
bend the transistor leads to suit.

LED1 can be any kand of Light-emitting diode, though
the diffused-lens type is easier to see from any angle. If
you use the Radio Shack cabinet, pass the leads of the
LED only ¥-inch through the printed circuit board and
solder The LED wll stick up about one inch above the
board and wall just pass through a hole that you drilt in
the cabinets metal cover panel.

Using 12-inch lengths of No. 22 or No. 24 color-
coded insulated stranded wire, connect a red wire to
the positive (+) DC power-input hole and a red wire
10 the output hole. Connect a black ware to the input

FIG. 5—THE ORIGINAL WIRING of the Datasetie adapter. The
wire connects to the 5-volt terminal. it wlll be replaced with the
wire from the delay Cicuil. The terminai to the immediate right
of the wire is ground. Tack-solder the ground wire trom the
delay circuit to this terminal.

ground hole and twist it (not too tightly) with the red
input ware.

Drill a Ye-inch wire-exit hote in each end of the
cabinet. Set the printed circuit assembly into the
cabinet (just drop it in), pass the wires through the
Cabinet, and secure the top cover If you used the
suggested Radio Shack cabinet, the LED will just fit
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through the drilled hole in the panel,

Set the assembly aside for the moment.

Examine the Datasette connectorfadapter supplied
with the CARD?. Take careful notice which side of the
adapter has the power ware (there is only one wire).
See Figure 5. Using Soider Wick and a soldering iron

po———

PRINTER
Deloy

FIG. 5—THE MODIFIED ADAPTER. Note thal both connec:
lions are to the |aft of the slot in the adapter. Use #22 or #24
stranded insulaled wire for the connections.

rated at 25 watts or less, unsolder the ware. (Be sure to
use the Solider Wick or similar desoldering braid. If the
sotder funs, you'll be creating problems,) The red
power-INput wire from the printer delay Circut—the
one twisted together with the black wire—will be
connected in place of this wire (Fig. 6).

The power supply ground for the printer delay is the
#1 adapter terminal, which is Jocated at the edge of
the adapter, inmediately adjacent to the terminal with
the red wire. Tack-solder the biack wire from the printer
delay to this terminal in the same relative location as
the red ware., Use just a touch of solder so it doesn't
flow down the terminal.

Cut the original wire from the adapter to the CARD?S
DIN connector about three inches behind the
connector Cut the remaining red ware from the printer
delay to size and solder it to the wire stub from the
CARD? connector. Wrap the connection with a few
turns of tape

The instailation is now complete.

Checkout and use

Connect the CARD?s DIN connector 1o the matching
s0cket on the computer or disk drive and install the
CARD?s Datasette adapter on the compuiters Datasette
connector (see Fig. 7). Notice that the adapter has a
polaizing slot that engages a "key™ on the computer
connector. You cannot reverse the adapter unless you
force it and break the “key” or the adapter If you use a
Datasette cassette recorger, slip its umbilical cord
connector over the adapter.

Now tum on onty the computer—No peripherals
The computer should “come up” with its usual READY
screen display and the LED on the pnnter defay should
be off. In 6 to 10 seconds, the LED should light. I it
doesn't, scmething is wrong with the printer delay

FIG, 7-THE ADAPTER WIRE SLIPS ONTO the compuler’s
Datasette then onlo the adapter,

Circuit or the red and black conpections o the
Datasette adapter,

If-the.LED lights, all is okay Tum the computer off
Now tum on the computer, the printer and the disk
drives, if used, in any order you want. After 6-10
seconds, the printer delay’s LED will light and the
system 15 ready for use.

To check the system, simply enter the program:

10 OPEN 4,4

20 PRINT#4, “I DID IT”

30 CLOSE 4

40 END
and then nun the program.

I g gve_:rmhing is working properly, the printer will print
| DID IT-

Next, check your disk drive. Place a disk with a
known file In the drive and LOAD it. If it loags,
everything is working property:

By using the printer delay it should make no
difference in what sequence the peripherals ane tus

PARTS LIST (All resistors Y5 watt, = 10%)

Rt—1 megohm

R2—1500 ohms

R3—270 ohms

Capacitors

C1—10 pF. 10 volts, tantalum

Semiconductors

IC1—555 Timer

CO1—2N3053

D1—1N4001 Silicon rectifier, 50 PIV or higher

LED1—Diftused lens LED

Other Components

RY1—5-volt reed relay, Radio Shack 275-232
See text

Miscellaneous—Cabinet, printed circuit board,
wire, etc.

on. There will be ne lock-up of the Computer
regardless of the povyerup sequence, and it won't be
necessary to fuss or fiddle with any of the peripheral
connections. d@p
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COMPUTER-AIDED
CIRCUIT BOARD DESIGN

Design printed-circuit board layouts using your Apple 1.

GLENN CALDERONE

BCAD—ComputerAided Design. in the manufacturing
of anything from automabiles to spacecraft, a design
can make its debut and be tested iong before a
physical device that uses the design is actually built.
Tests, modifications and improvements can all be
impiemented at the touch of a keyboard or the sweep
of alight pen.

Circuit-board design systems, like most industrial
CAD systems, are usually reserved for big spenders—
the necessary haraware and software cost 8 bundie.
Until recently it wasn't practical for the small scale (or
part time) designer to even consider using 8 computer
for circuit-board layouts. However, using an Appre f
and a dot-matrix printer; just about anyone can create
even complex printed-Circuit artwork without drawing
on paper or pasting lines and dots on acetate The end
result will be a professional-looking, highly accurate
circuit board which you can &xpose, etch, and drill
yourself. Of course, you can also send the computer-
generated artwork to a PC-board specialist for the
actual board making.

After drawing the Circuit trace pattem on the Apple

omputer screen, you ¢an store it as binary data on a

€, and then "dump it” to 8 dot-matrix printer. The
e printed on paper can then be converted into a
film positive (or negative) by the camera person at your
local graphic arts or offset prirt shop.

The Appie high-resolution graphics screen consists
of 53,760 square dots or pixels {picture elements)
arranged in a pattem of 280 across by 192 down. On
the computer screen, €ach pixel may or may not
appear as 8 square—it depends on the quality of your
CRT and how it's adjusted. For example, a pixel may
look more like an oblong dot on your screen. But when
the hi-res image is transferred to paper, each pixel will
appear as a nice square,

Drawing on the Apple if

Although drawing on the Apple if hi-res screen can
be done with simple Appiesoft commands such as
HPLOT and XDRAW, it is far easier to use one of the
popular graphics software packages. (All sampies
shown in this article were done with EZ Draw 3.3
from Sinus Software). Those let you use either the
keyboard, joystick, drawing tabiet, or light-pen to put
hines on the screen. Master the art of drawing straight
lines—starting and stopping on the same X Or Y axis
coordinate, before you start your first circuit design.
Most programs offer a continuous on-screen readout of
your drawing cursor location, SO YOu €an make sure you
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are lined up before you draw: Your best PC-board
design will have all lines ang rectangles drawn either
perfectly honzontal or vertical. Avoid diagonal and
curved lines, since they take up too much space and
look ragged

The apple Il gives you four colors (plus black) to
waork with, but for our project, you should ahways use
white to draw with and black to erase. IF you try to use

-COIOrs, some lines will not show up, and those that do

will print as dotted lines. When viewed on a color
screen, vertical lines may appear either green of violet
even when you've selected the color white. That's
normal for the Apple M, but distracting when you are
designing circuits. In fact, the resolution and shanpness
of most color sets when used with the Appie i is
unsatisfactory for high-resoiution artwork, since you
need to cCiearly see each pixel as a separate dot. 50
use a monchrome dispily screen (green, amber or
white) if possibie. Or if you do use a color screen, tum
the chroma intensity all the way down,

Scale

We have chosen 1 pixel to represent the smallest
line, got, or hole on our circuit board. A distance of 60
pixels represents 1 inch on the finished board. That
scale means that our mirimum foil trace size must be
0.0167 inches (160 of an inch), and we can ocate
parts to plus or minus half that {00834 inches). On a
19-inch CRT you will have a working area of about 5 by
7 incnhes. it really doesn't matter what size screen you
design your circuit on—the finished circuit board
pattem will be a rectangle 3.2 inches high and 4.67
Inches wide.

But is it large enough for your project? It depends on
how complicated your circuit is and how densely you
package the components on the board. You should be
able to easily lay out eight socketed 16-pin ICs plus the
necessary resistors, capacitors and diodes on a board,
including input/output connectors. With mounting
hardware and connectors, the Iittle Circuit board wall fit
nicely on readily available, pre-sensitized PC blanks (4
or 4% by 6 inches).

Since we have chosen a scale of 60 pixeis-perinch,
we need to transiate our component-lead spacing and
mounting sizes into pixel units. Common DIP sockets ali
use 0.1-inch pin spacing, 50 we use six pixels. The
wigth of a 16-pin DIP is about 395 inches—or 20
pixels. Suggested spacing for other IC’s and discrete
devices is shown in Fig. 1.

With care, you can safely make PC board pattems
one pixel wide with only one pixel space separating
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them. If you have the room make all foil patterms as
wide as possible. This keeps resistance to a minimum
and makes it easier to expose the board and reduces
the chance of etching away a trace.

How to besgin

Outline the on-screen waorking area by marking the
four comers (or racing the entire rectangte). Lay cut
your power-supply rails, inputs and outputs first. If your
software permits it, draw and store images of the
pattems you use most often, such as DIP sockets, small
ransistors, and edge connectors. Recalling them from
disk and moving them about as necessary is much
faster than drawing identical pattems over and over,

LUy L] )

t e s B e

= H
A CLOSEUP OF THE CRT display. Hi-res plxels appear as
oblong, rounded polnts of light.

CLOSEUP OF PRINTOUT FROM a dot-matrix printer. Pixels
Now appear as squares.

Remember you are designing the foll side of the
board, which is a mirror-image of the component side.
For DIP sockets, “pin 17 will be on the upper nght hand
comer. Use normal PC board layout practices.
¢ Keep inputs and outputs separate
¢ Allow enough room for components on the other
side of the board.
® Doubile check every vace against your schematic

As a beginner you may want to sketch a rough layout
on paper before going to the computer, but after
awhile it should be easy t0 design and draw right on
the screen. The ease of design at this point depends

somewhat on the available features of your drawing
software Some programs aliow you to mark an area
and duplicate it several times at different locations on
the screen. That 15 useful when your circuit uses
identical Stages, such as a decoderdriver/lED
assembly Draw it once, and create two or three side-
by-side duplicates. Use your programss “fill”, "colot™ or
“paint,” feature to fill-in large areas, especially parts of
the board where no components will be mounted and
no traces will go. The less copper you have 0 remove
form the Doard, the longer your etchant will last and
the less time you'll have to wait to see the results,
Since IC5, resistors, and capactors all require
different size holes, you Can code your pattem to the
proper size dnlls. For example, all dip sockets could
use a 3 x5 pad with a 1-pixel hole in it; resistors, @
4 x5 pad with 8 1X Q2 hole; capacitors, 8 4 X 6 pad
with a 2% 2 hole. (See Fig. 2.) Adjust the pad and hole
sizes to match the lead diameter of the components
you are ysing. Hint: Make alt pads at least 3 by 4 pixels.
If they are any smaller you risk lifting the copper foil off
the board when soldering.

RESISTORS
1/4 WATT
o 26 RESISTOR 1
{ALSD SMAEL
79 pa— DIODES),
; 2
- T e
12 WATT
1058 12 RESISTOA
o TALSO LARGE
e DI0DES.
SMALL fe—31—f l
CAPACITORS)
o —4"?"}’
10.220 [ | ivRansisTORS, scas. REGULATORS!

—+] a— £ (STRAIGHT) 3 (SPREAD APART)

1
(-

TD 3% . 1  (ALS0 GDOD £0R
= 7092 W/LEADS SPREADI

] 12 e
EX3IO0A5 XS e o e
R e WITH 1-PIXEL iN
1]
Y] DIMENSION A
0PN
_L u,m} %
B 28PIN
T BPIN
PRI
f—n{ 18pn [ 20
DIMENSIDH A 18-PIN
{SEE TABLE) Y
NOTE: ALL DIMENSIONS IN PIXELS 2PN 25 |

FIG. 1—SUGGESTED SPACINGS REQUIRED for some of the
tommon components you may find yourself deallng with.

Storing and printing

The Appie if stores its hi-res graphics page (8192
oytes) on disk as a 34 sector binary file, and one 5.25
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QIPS, SMALL DIDDES,
—l TRANSISTORS:
31X 5PIXELS
1-PIXEL HOLE

| 1
o1
L4

|

RESISTORS,

SMALL CAPACITORS
4 x5 PIXELS

tx 2 PIXEL HOLE

E T } P EEE | 1
- e =
LARGE CAPALITORS,
TRIMMER, POTENTIOMETERS,
r 4 LARGE SEMICONDUCTORS

4X B PIXELS
Ll ] 2x2 pxELwoLE

FIG. 2—SUGGESTED COMPONENT-PAD SIZES. The size of
the pad depends on the diameter of the components’ leads.

diskette can hold 14 of those files. Some drawing
programs, such as Graphics Magician, store the drawing
instructions as a binary file rather than the graphic itself.
takes up less memory space, which means fewer
on the diskette.
print the graphic on paper you need a printer
clot-graphics capability, and either a hardware
graphics interface or a software graphics dump
program. One hardware device 15 the Grappler card
from Crange Micro, and one popular software package
15 Zoorm Graphics by Phoenix Software

The size of the hardcopy printout will depend on
the prnter and graphics dump program used. What
you get on paper will probably not be the exact size
of the finished board. Thats ckay, because the last step

FIRTSAED ARG TESTED®C hoard made using the Apple CAD
method.
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is making a film positive for contact-printing onto a
light-sensitive PC board-—and there the size can be
adjusted. At this point you may wish to send your
artwork out to a PC board fabricator. If you're going to
etch the boards yourself, have your artwork
photographed by a commercial offset printer. Rates
vary, but expect to spend about $5.00 for a finished
piece of film up t© 8 X 10 Inches, including the
necessary image size reduction. Need a negative
instead of a positive film? Your computer graphics
dump program can reverse the image before it gets to
the printer Or the print shop can make a negative. Of
course, if you're handy with a large-format (press, view
or process) camera and have access to a darkroom,
you €an keep the entire project in-house,

Doing more than one board design? Put them all
together and shoot them all on one piece of film and
cut them apart later When choosing the size to make
your hard copy, Its best to g0 larger than life and have
it reduced when it's photographed. That way you can
more easily touch up any defects In the printout {or
errors in your design that you didn't previously catch).
The circuit boards in the pictures here were prnted on
a dot-matrix printer with the graphics-dump software
set for 2 % enlargement, so that each pixel printed as a
2X 2 dot pattem. The resuhting paper prntout was
larger than the finished board, so we made a reduction
to 60% with the film camera.

Here's how to determine the amount of reduction.
measure exactly the distance between 60 pixels on
your hard copy, in inches. Take the reciprocal {dvide
into 1) to arrive at the necessary percentage. Hint: Make
two marks on your PC board layout that are exactly 60
pixels apart. They needn’t be larger than one dot each.

For edge connectors using .1-inch (on centers)
spacing, make your lines 3 pixels wide, centered every

Jo— § b 10—t G~ 10—

0 156-INCH
SPACING
e T

Joo— 8t ] —ieft § =t 7 it —8 —n

0.125-INCH 5PACING
NARROW PINS
— 4 pa-

] I 2 ] ] 2 e

0.125-1MCH SPACING:
WIDE PINS
> 6 po-

NOTE: ALL DIMENSIDRS IN PIXELS

FIG. 3—SPACING REQUIREMENTS for typical edge con-
nectors are shown here. You could use edge-connector de-
cals on your film positive, it you prefer.

6 pixels. Spacings such a5 .125 and 156 are shown in
f19. 3. if you wish, you can apply edge-connector
decals to your actual-size film positive, and draw
connecting lines with an opaque-ink pen.

With some practice you will find it faster and easier
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S50ftware listing

This is a partial listing cf currently availatie graphics
programs for the Apode if+ and [ig:

Apple Graphics Tabler from Apple

Applegraptics I from Apple

The Complete Graphics Systern from Penguin Softysre

for soystick Or tabtet

EZ Draw 3.3 from Slrius Software

Graptuc Solution from Accent Software

Graphics Magician from Penauin

The Artist from Siermas On-Line Software

Versa-Wnter from Versa Computing

Commercial €irCult-board CAD systems

Commercial cirtuit board designers use elatonate
computer-aided desian systems to Create the artwork (or
even actual boards) for large, complicated doubie-5iced

T il boerds WIthout ever Iifting a pencit Combing CAD—

with CAM (Computer Aided Manufecturing) anc even the
fitm and etching processes can Te eliminated,

Commercial systems are 8 drearn-come-true for cesign
engineers, considering some of the things the computer
can do. For example, the engineer can digitize a hand-
crawn schematic, of daw the circut on the Computer
screen directly Next, the computer routes the traces as
cesired, and checks the schematic 1© make sune &
connections are made. i afso lists all unconnected pirs
and wirnng errors. Using advanced ruie-checking, the CAD
Systern locks for traces, pads of Components that are 100
Close together The ultimate design aid s a feature that
automatcally moves parts aound to make room for
desigr changes.

Commencial CAD systerms offer very high-resalution
dlisplays using RGB color-monitors, so that pans outlines
and traces on each sice of the beard appear in differént
colors The Circuit-Doand design s not stored as Pixed
cata, but a8 vectorns. What you see oft the screen 15
indepencent of the actual gesign dat, so resoiution is not
limited by the computer nardware. Thai tets you pick an
area on the circuit Doard, magnity or “zoom-in® ‘o drw
the traces, andd drop down to a kwer maqnification to
see the ertine board.

Pnnting the finlshed ciruit-board pattern is dore on
¢ither 8 pen plotter or aser imaging-system Pomed
images are usually very iarge, and reduced by
photographic means 10 an actual size negative o positive
film. Direct imaging by laser can be done on film or
directly omo the resist coating of a copper-clad circuit
board,

Some CAD/CAM systerns actually machine the circuit
boand traces, USing a compiser-controtied router 10 Jring
away the thin laver of copper on a blank cincuit board.

If you have an [BM PC (or compatibie computer) with
519K memory, two disk drives and colorgraphics board,
you €an get into the “ig tirne” for as litle as 54500,
Personal CAD SYSTEMS, Ing. markets a software package
called PC-LARDS for designing boarcts up 10 60 by &0
inches, with 500 components or 10,000 pins, whichever
comes first, Ready 1o spenc more? For about $37,000
there's /CON by Summagraphics Corporation. Oxther
contenders in the large system category inciude insight tw
Scitex; Excelon Automation; and EAS Seres 700 by
Emgineering Automation Systems, Inc.

TYPICAL USEFUL DESIGN. CMOS 45Il {seven-segment de-
coder driver) and MAN-7 LED dispiay. This one-slage display
clrcuit {stored on diskette) becomes a building block for mare
complicated designs,

FOUR STAGES OF THE DECODER DRIVER and LED. It toak
only 30 seconds to assembie Irom the one shown In the
previous phota.

Wy

CAD FOR PCB'S: Warkstation for insight, a computer circult
board deslgn system by Scitex Corparation (israel)l. Orawn,
photographed or digitized artwork can be entered. along with
drilling Information. The computer enhances lhe design,
chechks for errors and draws the finished patiern on [ts laser
scanner.

10 design and draw PC boards on your Apple i than
any other way For 1araer more complicated designs,

you can draw them i sections and paste the printed
images together @
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MEMORIES
ARE BITS
& PIECES

HERB FRIEDMAN

Computers are often purchased based on the answer to the question "How much memory
is there, rather than "Can this computer do the job | need done?”

mif you're an old hand at personal computing, you
probatly know the ins and outs of every memory
location in your computer. But if you're new to personal
computing {or haven't yet sotten beyond
contemplating which entry-level computer to purchase
for the family), then you may still be confused by the
terms RAM and ROM.

RAM and ROM are two kinds of computer memory:
There is actually 8 third kind, WOM—Wfite Only

(no joke )—but we will not get into that at this
time. RAM is an acromym for Random AcCcess Memory,
also lmaran as readiwrite memory. A user can store
iformation in RAM, read the data stored there, and
change the information stored as well. The data in RAM
15 volatile—it vanishes when its power supply is tumed
off.

ROM is an acronym for Read Only Memory, ROM is
memory that has been preprogrammed with
pemanent data that cannot be changed; the user can
only read the data stored in the cell. The data cannot
be modified or erased: it is always there when power
is applied to the computer.

what Is 64K

RAM and ROM can be employed in any combination
up to the maximum number of memaory cells that can
be addressed by the microprocessor that runs the
computer Without going into the mathematics of how
it's done, an 8-bit computer can address {or work with}
a maximum of 65,536 individual memory gells—what
we call 64K (We'll explain why 65,536 is called 64K—
for 64,000—in 8 moment), A 16-bit computer can
theoretically address tens of thousands of memory
locations, but because of design considerations for
personal computers, the present limit is about 786K To
keep the numbers simple and easy to comprehend, we

14 ComputerDigest — SEPTEMBER 1984

will limit our discussion to 8-bit computers.

First, the "missing™ memory. What happened to the
missing 1536 memory cells in the §4K computers, such
as Radio Shack’s 64K Color Computer and the
Commodiore 647 There is no missing memory: 64K is
electronic shorthand for 65,536, We use that
"shorthand ™ as 8 convenient way to describe partial
biocks, such as 1K, 2K, 4K 16K, etc.

Arywary, back to ROM and RAM. The computer
doesn't care whether the theory it works with is ROM
or RAM: there can be one single cell of ROM and
65,535 cells of RAM, or one cell of RAM and the
remainder ROM. The total of RAM and ROM can be less
than the maximum. But without bank switching it can't
be more.

Memory configurations

In the typical home computer, part of the available
memaory is used for the ROM having built-in BASIC, the
video-screen memory, and assorted utilities needed to
run the computer. In the earty models of the Radlio
Shack and Apple computers, the first 16K of memaory
was reserved for the manufacturer: the user-availatle
memaory started at 16K, Since the first 16K was reserved,
it meant that a maximum of 48K was available for user
RAM. There could be as littie as 4K of user RAM, but
the maximum was 48K,

Bear in mind that contrary to the implications in the
actvertising by their competitors, the Radio Shack and
Apple computers weren't inferior tQ a 64K computer;
they were, in fact, 64K machines that aliowed only 48K
for the user Depending on the software, the 48K
machines could be—and usually were—superior to.the
so-called 64K computers.

Figure 1 shows how it was done. Depending on the
particular computer, the resident BASIC, the video

WWWwW americanradiohistorv comm
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64K MEMGRY

RESERVED

MANUFACTURER

FIG.1.—THE EARLY, SUCCESFUL, PERSONAL COMPUTERS
handled future expansion by reserving all memory addressas
below 16K for the manufsciurer's use. Enhancemenis were
tucked Into the unused memory below 16K and did not Inter-
fere with the user RAM located above 18K,

memory, and the /O took up between 4K and 12K,
leaving at least 4K available for future expansion. When,
for example, Radio Shack upgracied their version of
BASIC, they tucked the improvements int0 the “free”
memory below 16K, In that way, Radio Shack and
Apple upgrades did not usually interfere with existing
software, or the user-written programs that used the
free RAM above 16K When Radio Shack introduced a
disk system for their computer they were able to tuck
the disk controller’s address into the resernved area
below 16K, and again, did not cause unnecessary
problems for users upgrading their basic computer

Computers that gon't have memory-mapped wideo
or BASIC in ROM have almost the entire 64K of RAM
avatlable for user use, as shown in Figure 3. (If the
video screen is memory-mapped, the RAM used for
the video is not available to the user) Note that the
CPU (the microprocessor) “sees” both the 64K of RAM
and a small start-up program in a ROM separate from
the main memoery. The start-up ROM program causes
the CPU to read a small /oader program from the
associated disk drive to RAM; the loader in tum reads
the disk operating system in from the disk to RAM. (I
the computer uses CP/M, the operating system loads
into both the top and bottom of memory—the user
area is between the two.)

If the user decides to then program o run 3 BASIC
pragram, he would use the operating system to load
BASIC into another part of memory—above the RAM
containing the disk operating system. Depending on
the particular version of BASIC, the total RAM required
for both the operating system and the BASIC interpreter
could easily total 24K. Add in a few required utihties
here and there, and the original 64K of RAM shrinks to
about 39K of user-available mermory; which is about
whiat we had from the so-called “48K” Radio Shack and
Appie computers when they were running disk BASIC
(There is no such thing as a “free lunch” or “free
memory.”)

The advantage to having the full 64X of memory
available comes when you are running a non-BASIC
applications program. If an applications program is
written in BASIC, BASIC must be resident in the
computer for the program to run, But if the program is
in pure binary code there is no need for a resident

MEMORY
RAM

64K — b
Das
110
USER %
fam &
256 —
LOADER

=

FIG. 2—WHEN THE ENTIRE MEMORY |S FREE {empty), an
operating system must be loaded In from & disk. (Early non-
disk personal computers loaded BASIC and ita utilities from
cassette tape.) The Icading procesa Is usually started by a
small start-up program of lass than 258 bytes located In ROM
outside the maln memory. In the case of CP/M, the operating
system loads Into both the top and bottom of RAM; the user
RAM is betwesn the two.

BASIC. Referring back to Figure 2, instead of the monitor
loading BASIC in from disk to RAM, it can [cad an
appiications program into the RAM above the
operating system, with the remaining RAM being
available to the user

But consider what would happen if we tried the
same thing with the arrangement shown in Figure 1,
where only the RAM availabie above 16K is free, T
applications program would have to go in above 1
Without going into the arithmetic, the same
applications program would leave from 4K to 12K less
RAM available for the user in the ROM-BASIC computer
than in the computer with a full 64K of memory
available.

In their latest computers Radio Shack and Apple
make an extra 16K of RAM available by switching the
ROM's containing the BASIC in and out of the Circuit, In
the simplest terms, Radio Shack does it this way: The
computer starts and attempts to load an operating
system from the disk drive. If the CPU senses that the
disk contains the CP/M cperating system the ROMS are
switChed out and replaced with RAM, thereby making
a full 64K of RAM availabie to the user, and the CP/M
system [oads into memory, If the computer senses the
disk 15 icading a TRSDOS-like operating system such as
NEWDOS or DOSPLUS, the ROM are left in-circuit and
user-memary starts at 16K

when the ROM is a cartridge

That kind of juggling of memory works out well
when done smocthly, but it doesn't adapt well to the
home-and-family computers such as Radio Shack’s
Color Computer and the 1BM PCir. The reason is that the
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home-and-family models must have some way to load
in pregrams from ROM cartridges, and possibly an
expansion disk drive.

Program cartridges are nothing more than read-only
memory that the user can plug into the computer as
needed. The memory addresses used for the Cartridge
ROM's are those not usually used by the computer.

Figure 3 is a composite of the vanous ways in which
ROM and RAM are intermixed by home Computers. The
actuadl memory addresses will vary from computer to
computer, but the concept of reserving part of the total
memory that can be addressed is the same for all
models. And keep that word totaf in mind. The
computer doesn't really Care at what addresses the
ROM and RAM are located as long as 1t knows where
the memory is and what’s in the memory. ROM and
RAM don't have to be contiguous; for example, part of
a program can be in the lower 8K of RAM and another
part at 32K. (In-between can be several functions in
ROM }

Home computers, in general, have a socket
{connector) into which a program cartridge can be
inserted. When the socket 1s empty the computer’s CPU
“sees” only the first 32K of memony, which contains the
start-up sequernce, vicdeo memory, BASIC, etc. When
you tum on the power, the computer “comes up” in
BASIC, with the screen displaying a prompt such as OK
or READY

The program Cartridge that plugs into the socket has
its ROM($) installed on a printed-circuit board. The
CirCuit board’s connector—called an edge-
connector—consists of foil “fingers” that match the
socket’s terminals. Two (or more) of the fingers serve as
“switch® for the computer’s CPU,

n the cartridge is inserted into the socket the

i finger contacts force the CPU tO “see” the

the cartndge. The CPU carries out the

nons (program) stored in the ROM, which is

fy 8 complete program: a Same, 8 word Processor,
a spreadsheet, etc. As a general rule, cartridge software
15 completely resident in the memory locations above
39K (except for the common computer functions that
are normally resident in ROM below 32K, such as the
printer and cassette=tape IO, color contro, etc.). Also,
though the program is located above 32K, it uses the
free RAM located below 32K for transient data.

in the 1BM PCyr, the cartridge calied Cartridige BASIC
15 actually overiay enhancements to the BASIC already
in ROM The cartridge starts the computer, applies the
enhancements, and then uses the criginal ROM
functions

While we generally speak of cartridges containing
software in ROM, there is nothing to prevent the
cartridge from &lso having RAM. There are several
cartridge programs that requiré more RAM than is
normally supplied with the computer In those
instances, the program cartridge also contains the extra
RAM required by the program; bt the "extra™ RAM is
lost when the cartridge is removed.

While we tend to associate Dlug-in cartriciges with
software, they also can be used for disk systems; the
controller ang the operating system. In that instance,
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s MEMORY
TWITEH"
] i T ]
" AESERVED FOR |
| CARTRIDGE  ©
K — — -
— BASIE (ROM}

— - E—

1

FIG. 3.—THE HOME/FAMILY COMPUTERS generally use spe-
clfic areas of memory lor user RAM, BASIC, and 1 0. They can
be positioned anywhere within the memory map. A cariridge,
with ROM preprogrammed lor 8 game, applications program
or a disk operating-system, makes use ol lhe unoccupied
addresses of the meémory msp. Special switching contacts
within the cartridge force the CPU to Iook at the cartridge for
s siart-up instructions.

the Cartridge contains a disk controller, the compiete
disk operating system in ROM and, in some instances,
extra RAM for the disk operating system’s transient
functions. One sicle of the cartridge connects to the
computer, the Other side has connections for the disk-
drive mechanism. (Or, the disk-operating ROMS are
built directly into the disk drve’s catinet, and a
connecting cord connects the ROMS to the computer
Once again, “swatch” fingers on the Cartridge’s edge-
connector forces the CPU to “see” the cartndge. There's
no need to load an cperating system in from the disk
because its already in memory, ready to go the instant
the computer is tumed on.

Bank switching

Though we have been speaking in terms of 64K of
memory for 8-bit computers, many 8-bitters now
address 128K of RAM. Bank switching is exactly what
the term implies: The memory is arranged in two (or
more) banks of 64K. Special hardware and software
automatically switches in the correct bank as needed.
Generalty, the software for a computer with bank-
switChed memory will provide some means whereby
the total memoary can be partitioned. For example, the
total memory of a Radho Shack Mode! 4 computer can
be partihoned so that some of the RAM functions as 3
RAM-clisk. As far as the computer is concemed, the
partitioned memary is actually a disk, only the data can
flow into and out of the "electronic cisk” a lot faster
than it can from a real disk. Unlike a real disk however,
when the computer is tumned off all the data in the
RAM-disk i5 [ost uniess previously saved in a physical
disk P
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plifier. Remember, the imped-
ances must be matched. Figure1-b
shows how an audio-input trans-
former is used to match two dif-
ferent impedances.

You may have noticed that the
transformers in diagrams T-aand 1-
b of the figure are alike, except
that their primaries and secon-
daries are reversed. Actually, the
only difference between input and
output transformers is the name—
you can use an output transformer
as an input device and vice-versa.
A transformer doesn’t care
whether a signal is going from its
high side to its low side or the
other way around—just hook it up
in the direction you need!

That information can be very
-handy for things other than inter-
coms. For instance, a few years
ago, | needed to record the
sounds from a large area that was
some distance from the tape ma-
chine. Of course, | could have
used astandard microphone and a
long run of microphone cable, but
that stuff is expensive and the ca-
ble has fairly high signal losses. So
instead, | simply connected an
output transformer “backwards”
(with high impedance side going
to the recorder) and ran a long
length of old lamp cord between it
and a speaker.

My “microphone” {in this case
the ‘speaker) was quite sensitive
and the recording was perfect.
That setup can be used for record-
ing anything, for instance bird
calls, from a remote location!

Multiple inputs

David O'Brien (MN) would like
to add several call stations to his
intercom and have each of them
give a distinctive sound, so that he
can tell which is being used. There
are a number of ways to accom-
plish that, David, but I'll show you
one that does not require fooling
around with the intercom’s ampli-
fier wiring.

Take a look at Fig. 2; it shows an
astable multivibrator {oscillator)
connected across the remote
speaker/microphone wires of an
intercom. (The oscillator circuit is
not given because of the large
number of 555 oscillators that have
appeared in past “Hobby Corner”
columns and other places.)

When the oscillator is turned

on, an audio signal is input to the
intercom and you’ll hear it just as
you would a voice in the remote
speaker. By making the frequency
of the oscillator adjustable, and
using several at different stations,
you can tell from which location
the tone is coming. For example,
you could put an oscillator with a
high pitch at the front deoor and
one with a low pitch at the back.
Any practical number of oscillators
may be used at various locations to
tel| you which ene is activated. Just

remember: You must be able to
distinguish between the tones.
Although Fig. 2 shows that we
used a transformer as coupling de-
vice between the oscillators out-
put and the intercom wires, you'll
have to do a bit of experimenting
to determine just what to put in
the circuit there. |t depends on the
input circuit of the amplifier and
the number of oscillators you add.
Direct connection might work but
you'll most likely have to add a
conlinued on page 94

VIEW 8 TRACES ON YOUR SINGLE
OR DUAL TRACE SCOPE WITH THIS
LOW COST DEVICE!

Mow you o enger have 1o spand
thousands on an axpentive mullk
trace OBCIlOICOPE = gur 3inQle race
Hitaeht scops combined with this
madule will #llow you Lo view up loa
z fag analog o
digital {or both) signala n their mll
time and amBitude relalionship. The
MPX 10) may be used 00 any oscik
loacopa, whather single, dualor mulk
tiple traces It low cosl makes it a
particular tavorite [or deslgnars, test-
ers. hobbywts and repsirmeén who
want [0 compara and analyze dis-
played sggnats n g liming dn?ram
lormat. The controis on |ha front
panal of lhe metsl cose sllow you (o

vary amplitude snd spaging of the
displayad signals

MODEL MPX‘IO‘I
FULLY ASSEMBLED & TES

399

- Made In The United States —

SPECIFICATIONS

Inpuls: 8 signals plus Qround via 9
inpul leads termitated with alliga-
tor clips

Bandwidth: £ 148 to 5 MHz

Impedance: 10.9 K

Input Voiage: * SV peak (diode
clall:Ped to  § Voit supplies)

Outpull Staircasa wavelorm summed
with input signals, 0-800 mV
tull scale

Slep Ampiltude: Variab/® 0 to 150
mv/ step

Signal Voltane Variable 0 ic

150 mV/step @ 5V Inpul
Multiplex Rate: Switch selectabie, 40
KHz or 4 KMz
Impedance: 50 Chms
Power 105-135 VAC @ 1V a
Dimensions: 6.25% x 3.25" X
4.75" (WxHxD)
Operating Temperaturs: 0-a0°C
Weight' 1 1b. 10.5 oz.
Warranly' one year full replacement
warranty from date of purchase
Lighled on/ofl power switch
wood grain finished metal case

DI_STRIBUTOR AN_D REPRESENTATIVE INQUIRIES INVITED
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£.W.ENGINEERING, INC.

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTEDI
6 Herman Drive, E. Granby, CT 06026 O 203/651-0285
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Special-purpose I1C's

WORKING ALONE IN AN ISOLATED COR-
ner of the basement is great for the
concentration, but there are cer-
tain inherent disadvantages
floods and poor lighting, for ex-
ample, go with the territory.
However, the biggest problem is
the isolation: It's impossible to
keep up with all the literature and
learn about all the latest time-sav-
ing devices if you remain tucked
away in your cocoon. Further-
more, we all have a tendency to
stick with familiar components—
so certain |C's that could save us
loads of design time never find
their way onto the workbench. We
saw an example of just that over
the last several months with the
8.

\Well, there are a couple of other
IC’s that can make certain design
problems shrink from formidable
to trivial. Even though they have
been around for a long time, they
are special-purpose {C's and, as
such, can handle only the job for
which they were designed. This
month we’re going to examine the
rate multiplier, which is another
type of special IC. we’'ll find out
what it can do and how we can use
it.

Rate multipliers

One of the least understood
special-purpose IC's in use today
is the rate multiplier. This special-
purpose counter, available in ei-
ther CMOQS or TTL versions,
comes in two basic configura-
tions—binary and BCD (Binary-
Coded Decimal). Figure 1 lists
some of the various rate multi-
pliers available. To put it in simple
terms, a rate multiplieris anumber
cruncher. It allows us to do all
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FIG. 2

kinds of arithmetic from simple
operations (like multiplication and
division) to more complex func-
tions (like logarithms and square
roots). Which rate multiplier you
use depends on the logic family
you are using and the kind of
counting you want to do.

There are minor difterences be-
tween the TTL and CMOS ver-
sions, but we won’t get into that
until we have a better idea of what
rate multipliers are all about. Be-
cause we need some starting
place, we'll look at the CMOS bin-
ary version (4089).

Figure 2 shows the pinout for
the 4089. In simpie terms, a fre-
quency is fed into the 1C at the
clock input (pin 9) and it, in turn,
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provides us with two kinds of out-
puts. The first (at pin1) is called the
BASE-RATE output. That output fre-
quency is equal to the input clock
divided by 16. The second output
is at pin 6 (the complement of
which is at pin 5): For want of an
official name, we'll refer to it as the
MULTIPLIED RATE Output. That output
is equal to the base-rate frequency
multiplied by whatever binary
number is presented at its weight-
ed inputs (at pins14,15, 2, and 3). If
all that seems bit complicated at
first, don't worry; you’ll soon see
that it really isn't.

The 4089 takes an input clock
frequency and divides it internally
by 16. The BAse-RATE output (at pin
T) will put out one pulse for every
16-pulses fed to the clock input at
pin 9. The weighted inputs, pins
14, 15, 2, and 3, are preprogram-
med to represent a numerical val-
ue (A=1, B-2, c=4, and D=8
respectively). Now let's assume we
present a binary 5 or 0101 at the
weighted inputs. In other words, a
higha, lows, highc,andalowpis
equal to 5. The multiplied outputis
going to be the base-rate multi-
plied by 5.

If a frequency of 16 kHz is fed to
the clock input, the base-rate out-
put will be 1 kHz. The frequency at
the multiplied output then be-
comes 5 times that, or 5 kHz. The
rest of the pins are used either to
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control the operation of the IC or
to cascade several IC’s together.
The easiest way to understand
what they do is to look at Fig. 3:
There you see a complete listing of
the various input possibilities
along with their outpuis. But be-
fore we go into the details of the
device’s operation, let’stake a look
at what was once called the big
piciure.

Output symmetry

It sounds as though the IC is
doing all kinds of useful things that
we would ordinarily accomplish
with a circuit board full of gates.
Things, such as selectable fre-
quency-division with nothing
more than a clock, an IC, and a

rotary switch is 2 wonderful idea.

But take a look at the example
we’ve just gone through. Every-
thing seems to work out fine, but
consider this: Let’s suppose that
the input clock isn’t some con-
venient multiple of 16.

Let's see what's going to happen
here if, for example, the input
clock frequency is17 kHz. Are you
beginning to catch my drift? Ob-
viously things are going to get
really messy, because that would
make the base rate 17,000/16, or
1062.5 Hz. Now, if we stick with a

chosen rate of 5, the multiplied- |

rate output would be 1062.5 X5 or
5312.5 Hz. Even that wouldn’t be

too bad—but there's another bit of -

nastiness that hasn‘t been men-
tioned yet.

The rate-multiplier is designed
to output one base-rate pulse,
plus the dialed-up number (the
base rate multiplied by the
number at weighted input) for
every 16 pulses fed to the clock
input. Now, if we look at the base
rate on a scope, there’s no prob-

lem. The pulses are evenly spaced |

and will track along at one-six-
teenth the input clock-rate, but
the multiplied rate is another sto-
ry. Well, as we all know, 16 is not a
multiple of 5. But we will see 5
pulses for every 16 incoming
pulses.....so what does that mean?

What it means is that the sym-
metry of the multiplied-rate pulses

are out the window., Remember |

that the muitiplied-rate output is
tied to the incoming clock. not the
base-rate output! The width of the
multiplied-rate pulses will be the

same as the incoming clock
pulses, but the spacing will be de-
termined by whatever number we
decide to use. If the number divid-
es evenly into 16, the output pulse-
train is going to be picture perfect.
On the other hand, if the number
we choose doesn’t divide evenly
into 16, we'll get the right number
of pulses but the output waveform
is going to look like a broken
comb.

Rale multipliers are perfectly de-
signed to be used in circuits in

which what we're interested in
finding out is “how many over a
period of time,” rather than the
frequency at any one instant of
time. In other words, we're talking
about arithmelic, not frequency
measurement. Of course, there's
nothing preventing you from pay-
ing absolutely no attention what-
soever to this discussion and using
a rate multiplier to get some quick
and simple means of dial-up fre-
quency division. After all, the

continued on page 93
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A different kind of FET

SEMICONDUCTOR TECHNOLOGY HAS
given us some interesting and ver-
satile components. In fact, since
their introduction, semiconduc-
tors have been continuously up-
graded and redesigned so that
each new device can do the work
of several of its predecessors.

In keeping with that trend, RCA
has introduced a new “breed” of
MOSFET devices that combines
the characteristics of a MOS power
transistor, a bipolar transistor, and
a thyristor. Called a COMFET—for
Conductivity-Modulated Field
Effect Transistor—this device has
an on-resistance, Rogqpy that is
substantially lower t?‘nan that of
MOSFET's with the same chip area.
That is illustrated in Fig. 1.

The COMFET’s on-resistance is
typically fess than 0.1 ohm with a
maximum drain current of 20 am-
peres flowing through the device.
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FIG. 1

The COMFET, with a chip area of
120 mils2, blocks 400 volts in the
forward direction and 100 volts in
the reverse direction. Those
characteristics make it suitable for
high-voltage, high-power applica-

tions. Conventional power
MOSFET's are less useful because
their high R0, values cause ex-
cessive voltage Jrops and power

losses.

T..
E

CATHODE
O

SHUNTING
RESISTANCE

The COMPFET acts like a power
MOSFET feeding a direct-coupled
bipolar compound-connected
transistor (see Fig. 2). The specifi-
cations for COMFET’s device are
similar to those of bipolar power-
transistors, except that COMFET’s
have a high input-impedance, like
that usually associated with con-
ventional power MOSFET’s. Its
high input-impedance makes it
simple and easy to drive from a
relatively low-power, low-voltage
source (such as a logic IC). In addi-
tion, they do not require the ex-
pensive high-power drivers and
complex drive-circuitry that bi-
polar transistors need. Thus, cir-
cuits using COMFET's can be less
expensive to operate.

The COMFET’s switching speeds
are about the same as bipolar de-
vices, but somewhat slower than
conventional MOSFET devices. Its
typical turn-on time is less than 100
nanoseconds, and turn-off is

WWwWw americanradiohistorvy comm
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somewhere between 5-20 micro-
seconds. The COMFET’s switching
speed and low source-to-drain on
resistance—when considered to-
gether—put this device on the
same plane as bipolar transistors
for most medium-frequency ap-
plications.

The device’s unusual high-volt-
age and low-resistance charac-
teristics are produced by applying
a P-type substrate on the drain side
of a conventional N-channel
MOSFET. (See Fig:3). wWhen a
positive voltage is applied to the
COMFET's gate, electrons enter
the N-type drain region. That
causes a corresponding hole to be
injected into the drain from the P-
type substrate. The carriers or
holes modulate the conductivity
of the high-resistance drain, there-
by substantially reducing the over-
all value of Rpgon )

The P+ substrate, implanted at
the device’s cathode, allows the
control of the NPN transistor’s
shunt resistance (Rg), and prevents
the sharp voltage drop at high-cur-
rent levels that is characteristic of a
four-layer thyristor. Therefore, the
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COMFET's current/voltage charac-
teristics resemble that of an ordi-
nary bipolar transistor.

For the most up-to-date infor-
mation on the COMFET, including
device types, characteristics, and
availability, contact Tom McNulty,
RCA, Power Marketing, Solid State
Div., Somerville, N] 08876.

IF system 1C

National Semiconductor has an-
nounced its |atest series of FM IF
systems, the LM1865/1965/2065, for
use in electronically and manually
tuned radio applications.

The LM1865 and LM2065 feature
a stop detector for electronic tun-
ing. All versions offer a low toal-
harmonic- distortion (THD) of 0.1%

100% modulation with a single
tuned quadrature coil. And THD is
not adversely affected if the radio
or quadrature coil is mistuned.

Theonly difference between the
LM1865 and LM2065 is the direc-
tion of the AGC control voltage.
The LM2065 develops forward
AGC. The three devices have dual-
threshold AGC's to eliminate the
need for a local/distance switch.
The AGC threshold-voltage is low
when strong out-of-band signals
are present—signals that might
develop an interfering third-order
intermodulation {IM3) product. If
there are no strong out-of-band
signals present, the AGC thresh-
old is high for best signal-to-noise
performance.

The three devices are housed in
20-pin plastic DIP packages and
sell for $2.45 in lots of 100 and
up.—National Semicenductor
Corp., 2900 Semiconductor Drive,
Santa Clara, CA 95051 R-E
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tangle with a solid-state computer.”
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CORNER

Yesterday's personal computers

KEEPING YOUR COMPUTER LIP-TQ-DATE
with the latest peripherals often
results in a pile of unnecessary
equipment building up around
the house. For example, just re-
cently, while ¢leaning up the base-
ment, | happen to run across all
kinds of old personal-computer
equipment that had been accumu-
lated over the years—most of
which still has some life left in it.
But while sorting through all that
stuff, | wondered whether any of it
would ever again be of any use.
There are probably others out
there who like myself have been
fooling around with microcom-
puters since the very beginning
and have also accumulated a vari-
ety of odds-and-ends that today
are more nostalgic than practical.
The only problem with that s figur-
ing out what to do with all of it.

The old timers

One piece of equipment found
in that mountain of antiquity was
the first microcomputer that | was
ever fnvolved with, the NRI model
832. The unit was designed back in
the early '70's when | was working
for the National Radio Institute—a
home-study school. That comput-
er, designed before micro-
processor IC’s became available,
came in kit form and was included
as part of NRI's computer-tech-
nology course. The unit, housed
inalarge metal cabinet, used 7400-
series TTL (Transistor-Transistor-
Ltogic) IC's mounted on ten
printed-circuit boards. The whole
idea behind the kit was to give stu-
dents hands-on experlence in
working with TTL integrated cir-
cuits. The kit was also used to
demonstrate the principles of

computer operation and program-
ming, and to teach the student
good troubleshooting techniques.
it featured an 8-bit-word, serial
processing, and an instruction set
of 15 operational codes. The mem-
ory consisted of a large slide-
switch-diode matrix that formed a
programmable-read-only-memory
or PROM. Its memory capacity was
16 eight-bit words.

The computer also contained
sixteen bytes of random-access-
memory (RAM) built around the
old TTL 7489 16-bit RAM. That ma-
chine worked pretty well and
could be programmed to do al-
most anything. But today it just
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wouldn’t be practical because it
has no I/Q instructions, and its
memory-expansion capabilities
are limited. Nevertheless, since its
introduction, in 1972, several thou-
sand of those units have been
shipped to students, and it has
aided them in learning about digi-
tal logic and computer fundamen-
tals. In fact, the unit is still
included with NRI's home-study
digital-electronlcs course. Though
it's nice to have one of those units
around as a reminder of the past,
it’s doubtful that it will ever be of
use again. [t's been sitting in a box
in the basement for about twelve
years now and will probably go on
sitting there.

Another unit, found in that
nostalgic heap in the basement,
was my Teletype ASR-33 hard-copy
terminal (see Fig. 1). That terminal
was once the most popular I/O de-
vice available for those early per-
sonal computers and sold for
$1200 back 1n 1976. It featured a 10-
CPS (Character-Per-Second}
printer with keyboard and a 10-
CPS paper-tape reader and punch.
The first time that the unit was ever
used was when | first started play-
ing around with microprocessors.
Later, one of the early Motorola D2
boards with a 6800 microprocessor
was added, which used a serial in-
terface to talk to the ASR-33. That
combination was used to learn
how to program the 6800 in hex
machine-code. Unfortunately, the
D2 board was loaned out some
years ago and was never returned.
The ASR-33 was used as the pri-
mary |/O device for my first real
personal computer, which was an
IMSAI 8080.

The IMSAI 8088 was built from a
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kit and was used for a number of
years. Quite a bit of machine-lan-
guage programming was done on
it. An 8K BASIC was also available
in paper-tape form, but it took
about 20 minutes to load it on the
10-CPS ASR-33. At times the pro-
gram dildn't load properly on the
first try, so the procedure had to be
repeated. Today, waiting for 20
minutes to load a program is unac-
ceptable and having to repeat the
sequenceis lolally out of the ques-
tion. But, we've come a long way
since then

Overall, the ASR-33 is still in
pretty good shape and though it
did get damaged slightly during
the recent move, there’s nothing
wrong with it that cant be fixed.
But | have no idea of what in the
world I’d ever use that machine
for, and doubt that the time that it
would take to repair it would be
justified. Anyway, it's large, takes
up lots of space, and anyone who
ventures into my basement is usu-
ally impressed and asks about it.

One of the more useful ma-
chines found lying around down

there, was one of the old Com-
modore PET 2087 computers. You
may recall that machine with its
built-in 9-inch CRT, audio-cassette
player/recorder, and the tiny cal-
culator-like keyboard. That unit
was acquired in 1976 and has been
in use most of the time since then.
Several years ago, there was a
failure in the RAM, which was
promptly repaired. The most diffi-
cult problem encountered during
that repair was trying to locate a
supplier for one of the old odd-
ball MOS-technology 22-pin 4K
static RAM’s. And beside that, it
cost a fortune! The unit’s BASIC
and graphics capability are still
pretty good by today’s standards;
however it doesn’t feature color,
and the audio-cassette mass stor-
age is slow. Still my13-year-old son
continues to use the unit for prac-
ticing his programming home-
work, and he has even written a
number of his own applications
programs for his Dungeons &
Dragons game. However, the
games for the PET are nothing
compared to Flight Simulator,

Decathlon, Temple of Apshai, and
a host of other neat'games for the
newer IBM PC.

Another item discovered in that
computer treasure trove was an
H8-5 accessory board, which is a
serial-port and cassette-interface
card for Heathkit's original model
H8 computer. The serial port and
cassette interface board was re-
moved from the unit when the
floppy-disk controller became
available and was never used
again. In fact, my older son took
the H8 computer, an H? terminal,
and the H17 floppy-disk unit off to
college with him and | haven’t
seen it since. | suppose the IC's on
the accessory board might be
useful for experiments, but |
haven’t the foggiest idea of what |
could build with them.

Continuing the search, [ also
cdiscovered an old RCA VIP Cos-
mac computer. That unit was pur-
chased sometime in 1977, but the
proposed application escapes me
now. That computer features
RCA’s unusual 1802 micro-

continued on page 102
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A valuable piece of equipment

A LONG TIME AGO, BACK WHEN THIS
coiumn first began to appear, | had
the habit of saying “This will fix it!"”
whenever | was confronted by a
problem. These days, 1've learned
to say “This will fix it, | hope!”
instead. In other words, | found
out that there is always the chance
that the cause of the problem is
something other than the obvious
one. That's how ! learned that of all
your tools, the most valuable is—a
completely open mind.

| have bored quite a few groups
of technicians by asking: “What
do you use to make a diagnosis?”
Someone, (or more) would always
say: “Test equipment.” To which !
sald: “Wrong!” Test equipment,
such as an oscilloscope (see Fig. 1),
is very important because it is used
to get data, but you still need to
feed that data into the one instru-
ment that can make the diag-
nosis—your brain.

FIG.1

What | meanis this; your brain is
the only ”instrument” that can
take the data your test equipment
gathers, put it together, and come
up with a conclusion as to the
cause of the problem. The success
of that process, of course, de-

pends on how well your brain can
work. If something interferes with
it, it will come up with the wrong
answers.

For instance, rarely will falking
to a set that has been giving you
trouble help. Sure, it might seem
that the set refuses to work just to
spite you, but talking to (or yelling
at) a device is not productive and
does not lend itself to a calm and
reasoned analysis of the problem.
Such an analysis is needed if the
cause of the problem is to be
found and fixed.

Another common occurrence
that interferes with an orderly
analysis is jumping to conclusions.
Guessing the cause of a problem
from the symptoms, or from a few
measurements, can sometimes
lead to a fast solution. But more
often, it can send you on a wild
goose chase. Sure, you get tired
sitting at the workbench all day,
but jumping to conclusions is a
poor way to get your exercise.

The proper approach

$0 what should you do to help
your brain make the proper analy-
sis. Above all, approach each set
with an open mind. Don’t guess at
the cause; that can lead you to
making tests for the sole purpose
of proving that your guess was
right. You really do not care what’s
wrong with the set; you just want
to find the problem and fix it.

Of course you already know
what the proper procedure is; it's
one you've followed many times.
Quite simply, it's to make a!l of the
standard tests, looking to be sure
that the various signals and volt-
ages are what they should be.
Once you have found something
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that is off, track down the cause.
That’s all there is to it.

Finally, a kind word on behalf of
coffee breaks! If you do find your-
self stuck, get up, walk out of the
shop, and go get a cup of coffee! |
have long used that method, and it
works. Don’t even think about the
job. You’ll find that many times
when you go back, the solution
“comes to you in a flash.” That’s
because all the time you were
drinking coffee and making con-
versation, a small corner of your
brain was working on the prob-
lem. I've seen that happen hun-
dreds of times!

So, keep an open mind, be calm
and confident, and you will fix
many more of those “dogs” in a ot
less time. Good luck, and easier
servicing!

SERVICE
QUESTIONS

CLEANING TUNERS

What would you recommend to
clean the VHF tuner in a Quasar
T5-476? The stationary contacts are
etched pads on PC boards, and the
movable contacts are atiached to
cylindrical piastic caps. Silicone
spray helped only a little.—]. H., Bet-
tendorf, IA

m not familiar with the tuner
you describe, so | can’t discuss it
specifically, but | will say this:
Tuners that are far-gone need
more than just a chemical spray.
The contacts need to be wiped
clean with a pencil erase, a finger,
anything. The problem that you
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describe suggest to me a trick that
! use when | want to clean up relay
contacts. | put a double-sided
piece of very fine sandpaper be-
tween the contacts and slide it
back and forth a couple times. For
delicate contacts, such as you have
in your tuner, | would use a strip of
rough paper wet with cieaner.

A VERY DIFFICULT PROBLEM

! received a basket-case Sony
KV1750 as a gift. | found the reg-
uialor transistor, the GCS, the damp-
er diode and the 4A fuse missing. |
put then: in, and wsing a Variac, |
moved slowly, moniloring with a
scope, when suddenly everything
blew again. Any ideas?—|.1., Sierra
Vista, AZ

The reason you received as a gift
a Sony with those parts removed
was because someone gave up on
it. You are dealing with what is
probably the most difficult repair
in TV today. Any instantaneous
glitch in the horizontal sweep sys-
tem starts that chain of failures,
and it gets awfully expensive to fix.

If you can’t locate a bad solder
connection, using first a 19-volt
supply and very low AC, the pos-
sibilities become awesome:
flyback, horizontal output tran-
sistor, tripler, mica insulator; and
none of them can be checked
other than by substitution and/or
very sophisticated troubleshoot-

ing.

DEAD SEY

I have been banging my head
against a stone wall for a month
now—the stone wall being a Syl-
vania £-21-2 that is in the “shul-
down” mode. I've changed so many
parts 1 should have kept a journal,
but the enclased list of parts and
vollage measurements will have to
suffice.—R.8B., Orinda, CA

If you removed SCR430, the
shut-down switch, as you say, and
the set still does not come alive, |
would say you've got lo give up
that approach. With SCR430 lifted,
treat the repair like any other
“dead set” condition. Is the hori-
zontal oscillator working? | would
think not, with that missing volt-
age on pin 6 of the 1C400 oscillator.
You've changed the IC, but have
you followed pin 6 back to its 20-
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Model 104 540— Compact. versatile, aasy o
buikd Electronic instrument. Measures frequen.
cy and AC of DC voltages.

PAY ONLY $119

5 Mhz

25" COLOR TV
HEATHRKIT Solict Stata Color T.V. Model GRD
90C A utomatic UHF and VHF channel seiector.
inglant on, automatic fine tuning. Perect for
custom Instaliation. CRT and Cabinet not
nciuded.

PAY ONLY $119
Note: Al HEW Heathkits In Factory Sealed
Cartons wiSTep-ny-Step instructions. . . as sokd
i electionic stores and technaical schocls
across the nahan.

MasterCard « Viga
or sand chack with order
Caff pour ocdler foday
CERTIFIED ASSOCIATES. INC.
1912 W. 70th Street
Hazel Crest {Chicago), IL 60429
{312) 335-0043

9 AMS5 PM Mon. to Fri,

BeanFCC
LICENSED

ELECTRONIC TECHNICIAN!

=
Earn up to
$609 a week

Lears &t home in 1Pare ime.
No primidds coparienee needed

1IN

No costly School No commuting 1o class [he Onginal
Home-Siudy coune thai prepalts sou for the FCC
Radioteirphone license exam in your spare time! An
FCC Government license b your TThet” 10 thousands
of eicibng jom 10 Commumcalions. Kadio & TV.
Motk 1wo-wat, Microwave. Computen. Radern Acto-
space and more You don’t need g college degree 1o
yualily. but you do peed an FOC Lioeme. Mo need to
Quit your Job or go 10 schooll You lcarn how 10 pass
the FOC License €Xam a1 home a1 your vwn pace wnh
this easy-to-undersiand, prosen counse. It easy. fast
and low cost! GUARANTEED PASS  You gel your
FCC | wense or money relunded. Wrne for ree dewals
Soon you could be on Your way (a9 being one of the
highet workers in Lhe cleciromes field. Send tor FREE
tacis now. MAIL COUPON TODAYI
----------------------1
commanp PRODUCTIONS
FCC LICENSE TRAINMING, Dapt 90

P.O. Box 2223, Sen Francisco. CA 94126

Rush FREE Iscts on how I can gel my FCC License
In 8par® time. No obligation. No salssman wiil cail.
NAME

ADDRESS

(=1 _STATE ZIRES

L ettt e |

e
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volt source? Don't be intimidated
by the shut-down circuit. Turn on
the scope, and get the sweep sys-
tern to work.

FLYBACK PROBLEMS?

1 have bheen working on RCA,
CTC97A, that has streaking in the
picture. When I'm off station, | get
vertical lines similar to Barkhausen
oscillations. I suspect high-voltage
breakdown, but have run out of
places to look.—B.P., Kinnewrck,
WA

The place you probably would
find what you are looking for may
be where you can’t look—inside
the integrated flyback. Turn off all
the lights and look around for an
arc, if there is one to be seen,
there’s one to be corrected. If
you‘re not {ucky that way, you will
have to change the flyback, cross
your fingers, and hope that's it.
They do have a history of that type
of failure. R-E

EQUIPMENT REPORTS
continued from page 44

until the overrange indicator {a
displayed 1) disappears.

The unit is supplied with a pair
of color-coded test leads, a spare
fuse, a 9-volt transistor type bat-
tery, and an instruction manual.
The manual in this case is really not
much more than a pamphlet. It
provides only the sketchiest of de-
tail concerning the unit, and there
is no theory-of-operation section,
schematics, or parts lists. On the
positive side, the manual does de-
scribe a useful setup for testing
large valued.capacitors. It also
provides a handy table for convert-
ing between pF, nF, and pF. Finally,
there’s a table that summarizes
some of the most typical capacitor
characteristics.

Above all else, what really makes
the model 308-240 jump out at you
is the price. Remember, we are
dealing here with a hand-held,
digital-readout capacitance meter
with a fair degree of accuracy. The
cost for that is an outstanding
$51.95. The unit is covered by a
one-year warranty and is available
from your local distributor or from
Fuji-Svea (PO Box 3375, Torrance,
CA 90510). R-E
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DRAWING BOARD

continued from page 85

temptation is strong and parts sup-
pliers don’t ask questions. Just re-
member that the outputs you get
will probably be wrongin the short
run, but right in the long run—and
how much time is covered by “the
long run” is anybody's guess.

Using the 4089 is simple. You
just route a clock to pin 9, pick a
number for the weighted inputs,
and pick off the output frequency
on either pin 5 or pin 6. All the
control inputs, pins 4, 8,10, 11, 12,
and 13, should be connected di-
rectly to ground for normal use.
The base rate is available on pin 1
and the remaining output, pin7, is
used for cascading more than one
4089. That's all there is to it. But, as
you no doubt expected, if you
want to make the IC do really
useful work, you have to learn how
it works.

A glance at the table in Fig. 3

LoGic STATE

CASSUMING G iNPUT CLOCK PULSEA)

should tell you that there’s a lot left
to discuss. The result of bringing
the ctear input high depends on
the state of pin 3, the b input. If pin
3is high, the frequency at the mul-
tiplied-rate output will be the
same as that at the clock input and
the base-rate output will be zero.
If the o input is high when you
activate the crear input, both the
multiplied- and base-rate outputs
will be zero. Things are not as
straightforward as they might
seem at first; therefore making a
rate multiplier work for you means
spending time with it. There’s no
other way.

Once you get a handle on the
1C, however, you'll find that, like
most other specialized IC’s, it can
save you an unbelievable amount
of brain damage in solving par-
ticular circuit problems.

Go over the data in Fig. 1 and
pick up a few of the rate multi-
pliers to fool around with. Next
month we'll start to put those spe-
cial IC's to work. R-E

NUMBER, OF PULSES
(OR Loaic STATE)
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EKI

ELECTRONIC KITS

INTERNATIONAL, INC.
(Formerly PPG Electronics)

AMRADIO |

& TRANSISTOR
#854/754

A “Fun 10 Bulki® wpe sane ive B-tranaleior AM radio.
Excifing handd—on ¢ 2p-ence, Learn 1h e how and why
ol & radle by Bullding H Fousselt. A4 parts nacessary e
nchated, 30 Tune 1 Bnd docowe

the fun OF palgng YOUr own!
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CATALOG OF ALL KITS

Avsilabie nutlionwide at your local
slecirontcs slore.

{Or send §1.00 shpping & handing
10 address below |

m

EKI ELECTRONIC KITS
INTERNATIONAL, INC.

791 RED ROCK ROAD
ST. GEQRGE, UTAH 84770

Call TOLL FREE
1-800-453-1708

For giore nasres{ you.

Special Prices for Educators
CIRCLE 58 ON FREE INFORMATION CARD
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DESICNER’'S NOTEBOOK

GENERATOR CIRCUITS

continued from page 80

continued from page 70

When the voltage at the input of [C2
reaches its threshold voltage, the out-
put of the 4584 goes low and turns on
transistor Q1.

Capacitor C2 begins to discharge
rapidly, which produces a narrow
negative-putse at the output of the
4584. Capacitor C1 discharges as
well, but the inherent hysteresis of
the Schmitt trigger keeps the 4584
output low. Don’t forget that the in-
verter changes state at half the supply
voltage. and the Schmitt trigger
changes at higher voltage than that.
That’s what hysteresis is all about.

In any event, the inverter finally
changes states and the whole busi-
ness starts over again. Now, the lower
the input frequency, the faster both
C1 and C2 will discharge. That
means that as the voltage applied to
the inverter decreases, the output fre-
quency of the oscillator will in-
crease, and vice versa.

The lowest frequency will be when
the input voltage is zero and the max-
imum will be when the input voltage
is equal to the threshold voltage of
the Schmitt trigger. This is because
the inverter and the 4584 will be
changing states very close to each
other. The circuit is extremely easy to
use, and its advantages over other
vCO's include a minimal parts cou-
nt, high reliability, and, of course,
excellent linearity. R-E

HOBBY CORNER
continued from page 83

dropping resistor or an imped-
ance-matching {(audio) trans-
former.

Intercom switching

Another reader, John Carson
(IN), has asked about the swilch-
ing arrangement in intercom
speakers. Well John, it's all in a
four-pole, double-throw (4PDT)
switch, as seen in Fig. 3. When the
switch is in one position, the local
speaker/microphone is connected
to the intercom's amplifier input
and the remote Is connected to the
output. When the switch is in the
other position, the connections
are reversed and the remote
speaker is an input device.  R-E
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0.7 volis, the astable is enabled; but if il is
biased below 0.7 volis by a current greater
than 100 p A (by 1aking pin 4 to ground via
aresistance less than 7 kilohms. for exan-
ple) the astabte is disabled and its outpui
is grounded. Thus, in the Fig. t5 circuit,
the astable can be tumed on by applying a
high or togic 1 slgnal to pin 4, or off by
applying a low or logic O signal to pin 4.
The appropriate waveforms are shown in
Fig. 15-b.

Y -15V
i
Ri
ot e
[} Is
lj It b az  TOGATE SIGNAL

]
S
555 _l ¥ 5K

]

GATE
INPUT

Yaur
&
FIG. 16— ANOTHER WAY of slectronically gating

the 555 circuit. Hare the gate signal ts applisd to
Clvia Qn.

Finally, 10 complete this month's loock
al squarewave generator circuils, Fig. 16-a
shows how the 555 can be gated on and off
via a transistor wired across main timing
capacitor C1. Here, with zero gale drive
applied. QI is cut off and the astable is
free o operate in the normal way. bul
when a high gate signal is applied, QI is
driven on and discharges Cl. thus disab-
ling the 555. Note that the oulpul of that
circuit is driven high when the 555 is
disabled in this way (see Fig. 16-b). R-E

“Nope—ir still doesn’r work,”
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MARKET CENTER

FOR SALE

CABLE-TV SECRETS—the outlaw publication the
cable companies tned to ban. HBO. Movie Channel,
Showhme, descrambless. converters. erc. Sup-
igrs list included. Send $8 95 o CABLE F
x 711-R, Palaskala, OH 43062

RESISTORS WA BWSS 3cents 1% metaliiims.
PrecISIon cLStom wirewounds, 51.00 relundable lo:
JR INDUSTRIES, 5834-B Swanceek. Toledo, OH
43614,

=3 WRITE FOR

77 MeGEE'S
SPEAKER £ ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
Tel: 1 (848) 842 5092
1904 MCGEE STREET KANSAS CITY, MO. 64108

FREE catalog leai?:ri% SCANNEr accessNgs, Car-
rer/subcarner delectors. voica scramblers, unusual
kits. CAPRI ELECTRONICS, Route 1R, Canon, GA
30520.

ain.

DESCRAMBLERS fur gownconvertars, high gK
, Ka-

Send $1.00. RB ELECTRONICS, PO Box
lamazoo. MI 49005.

THE Inlelligence Library—Rastricled techinicat in-
formation & books on electronic surveillance, sur-
velllance-device schematics, Iock-picking, in-
vestigation, weapans. Identificallon docu-
ments. covert sciences. etc The best selection
avalable. Free brochures. MENTOR. (Dept Z),
135-53 No. Bhivd, Flushing. NY 11354

CABLE-TV equipment. notch filters for Deg'pua;
channel®. Information 51.00. GOLDCOAST,
Box 626025 RE, Margate, FL 33063,

RF FAMmom!a transistors. MRF454 $16 00.

MRF455 $12.00. Catalog available. RF PARTS CD..

(1)320‘4 Grand. San Marcos, CA 92089. (619) 744-
720.

UP 10 $500 00 per manth. Sell compuier software in
r home, Write lo: COMPUTER SERVICES, PO
x 7748, Tucson, AZ 85725,

RECONDITIONED teat equipmeni. 51.00 for cata-
oo, JAMES WALTER T S'F EQUIPMENT, 2687
Nicke), San Pablo, CA 94806 b

POLICE code unScramblers, othed ScRBpner ac-

cessones, ielephone moording device, DNE, In

Ri. 7, Box 257, Hot Spfings. AR 71901, (501

623-6027

NEW!... repair any TY... easy, Anyone can do il
yﬁoxgg

write. RESEARCH, RR No_ 3, 1BR, Calville,
WA 99114,

PCP and TOKO colls for TV project i February,
1984 arlcle onty $17.00. JIM RHODES. 1025 Aan-
some Lane, Kingsport, TN 37660.

CONNECTORS—audic. CO-axial, avialioh, compul-
a1, indusinal, and many other types. Send $2 00 for
complele price 1St and ordering intormation.
Largest inveniary in country. CONNECTOR TECH-
g&?gﬁv INC,, 5A Veronica Ave., Somersal. NJ

CABLE-tetevision facts and secrets. Now you
can get the informalive publication thal CATY com-
panies have been unsuccessfully Iryln%ci)a gel
banned for 15 years Movie Channal, HBO, and
Showtime comarters, atc Send $8 75to: CABFAX,
P.Q. Box 09119¢. Bextey. OH 43209,

TUBES. new. urused. Send sell-addressed. stamp-
et envel for ist FALA ELECTRONICS, Box
1376-2. Mitwaukee. W) 53201,

WHOLESALE F-59 cable connecior $80.00:1000.
Frea MATV catalog SASE, (212) 897-0500, DAWR,
88-12 110 St.. Flushing, NY 11375,

CHANNEL 3—60dB notch fifler. 63.5MHZ. $32 00.
CzFéOQSLEY. Dept 763, Box 840, Champlain, NY
12018

LATEST bug-detection equipment for homa of of-
.L_...sg.llgfsalure. $1.00. CLIFTON, Box 220-X, Miarmi.
L 33168.

CABLE-TV converters and descramblers. Low
gloes. dealers wanled. Send $5.00 for catalog. R &

DISTRIBUTORS. Box 266-1, Boston, MA 02190,
{617) 871-5838

TUBES new and used lransmitting and reosmng.
tes! equlp.. vacuum capacilors and relays. ..
HEIMAN, PO Box 2332, Northeldge. CA 91323.

WANTED: Oid RCA. Cunningham. Western Elec-
tric tubes. ampliher. speakers., Mcintosh, Marantz,
Tannoy, Allec. JBL. (713} 728-4343, MAURY
CORB, 11122 Atwell, Houston, TX 77096.

TROUBLESHOQT taster using circuit scannerg™.
Diagnose easily by non-technical comparnson of de-
layed winveiorm chacks active and passive compo-
nanis, assists In locaié? leaky semiconductors,
Two models avallable, CS 200 sland akone unit with
wavelof sforage $150.00. CS 100 inlerfaces with
oscilliscope $89.00, user manual only 5500 Send
check o order 10 PEAKE ENTERPRISES.
PO Box 25686, Culver Crty, CA 90231,

NEW amazing projector kit. Engineer designed. Get
oomggra.bleﬁoepﬁon to commercial projecior cost-
i S00.00 or Onl 52450£or rable
1 sion onty) QUEEN E RPRISES. Box 159,
Teronte, Ontarnio MEM 422

CONVERTERS all 1ypes for al systems, Lowest
prcas anywhere, guantily diseounts. dealer Inquir-
g3 accepled. Send $t.00 for catalog, PG VIDEO
CORP.. PO Box 298, Latham. NY 12310, {518)
274-6593.

RADAR JAMMER!

* Cauters $Dowd MIORF U 40 read ou? SR —8 Paar-
i Pe, OF Ahangver 0o yoll il in
» Acoval fwm-; E3cor mnd mosl other detecion
gl nEtan-on achr
108 o6 both X arg K bands

* MONEY-BACK GLUARANTEE, # nof satrelad

MG The device described in I Wev slure 5 nol
logal r |se BOWS! pokoN radar.
Complein [Heraiure & plans Pacuage. send $14.95 to:

Philips instrument Dealgn Co. Inc.
9513 §'W. Barbyr. Bivd. #1095, Portland. OR. 97219
VISA and M/C order Lne (503) 626-8764
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T1994A Explome ab
lext style acventure. Cassette and hsli
astp&dawnlﬁ for info: J-TECH. Box 1573, Sanla

Oned spaceship, an exciin
$10.

ra. CA 93102,

CABLE-TY manual: How [0 turn on cabla-TY, con-
variers and descrarnbless 1or all programmabie and
addressabie systems. Send $10.00, cash of money
otder 0 MODERN TECHNOLOGIES. PO Box 419-
Al, Boston, MA 02186.

BRADFORD parts 50% oit—"JOE", TROY TV
PARTS, 76 Second Ave.. Troy, NY 12180

Ti-88/4A owners. Get {\our free catalog of new, ex-
giting, low cost sofiware. DYNA, Box 699,
Hickswile, NY 11801.

FREE Pay-TV reception. "How-To™ book. HBO,
Showtime, Cinemax. 54,95, DIPTRONICS, Box 80
(A1), Lake Hiawalha, NJ 07034,

NEW computer harclwaro«sdlware debu'ggmg 1001,
Memory actvty monitor saves i Sinclar,
Commodomn & moms. SASE Brings complate infor-
mabon, SYNCHRONICITY RESEARCH. PO Box
153, Tonkawa, OK 74653,

TOP-quallty imported, domesic kits, surplus, dis-

counl glectronics. compuler componets. Free cala-

lo% TEKTRASONIX, 175 Filth Ave., Suite 3194,
NY 10010,

SATELLITE descramblsrs—Late nighl movies
send §5.00 for catalog. MODERN TECHNOLOGY.
Box 419, Baston. MA 02186 {617) 871-5838

ELECTROMNIC surveillance: Amazing report ieveals
secret 1echniques $15.00. Catalog $3.00. AT.L.S..
61 Galchell. Butfalo, NY 14212,

J

Ottawa, O
K12 6A6
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T9842 pyail Order Catalog

ary, Alberta

235-5300
Active store, €
or your copy

Vancou B.C.

VSR 547

(604) 438-3321
I, write or circle
of Active's new catalog.

IMPROVE TV RECEPTION

UHF/YHFFM signals will come alnve with thig re-
markable 24dB amplitler.Not g kit, but a

assembled amplihor that features INGOOS Motn-

. wisgrated Circuit desiyn, low nofrse higure and
trernenoous gain to really pull in those weak I'V
stations Prce 339.95 Inciude ths ad wih
prepaxd ordér and roceive & TV sterec samula 1
absolutely free Great for concars. movies and
even adapts to VORYS. Maryland residents inglude
5%. HOWARD RESEARCH AND DESIGN. Box
204, Ellicott City, MD 21043, {301) 455-8116.

DESCRAMBLERS-CABLE-UHF-
TVRO

“SINEWAYE™ TV descrambler, video and sound in
TV or VCR. Complete kit and instruction manual
ready 10 go $114 95 plus S610S & H. “Free fi
information.” CABLE SEARCHER. P.O. Box 1 2
Carle Place Station. NY 11514,

EDUCATION & INSTRUCTION

EARN your university degree through evaluation
assessment, of exlsn education, expefiance.
achievements. Call, ( 863-1791, or write. AS-
SESSMENT, Box 13130 Columbus, OH 43213.

FC.C. Genersl Radiotelephone [Icense. Home
Sludy. Fast, inexpensivel “Free™ delails. COM-
MAND, D-91, Box 2223, San Francisco, CA 94126,

BASIC gale relatonships building blocks of com-
puters and electronic control gircuns. 2 hr VHS vid-
eo tape 547.98 plus $3 75 for S and H, send check
ot money order 1o INTREPIDTEC INC., POBox 175,
Fountain Grean. UT 845632

LEARN HOW TO USE A COMPUTER

Train &t home in spary timel o previoun
u pene nie needed! Now you can iearn
Computer

mputtr

games vyl
[0 know ADOUT COMPuter OPEMEoNY
Use hundreds of programs aimsdy
avalable OF wite your own .

Buiget-
‘ ). ru! estate hmilnqu. -

yOu #ver wanied

r tramng M i your w
nd Kor free tacty!

IES COMPUTER TRAINING Dapt Mm|
waewn SSranion PEnnBylvana (3815 |

Ll

MORSE coda k youl from ham radlo? Intema-
tonal Morse e irainer for your 64 COMpuler,
AC3L SOFTWARE. Box 7, New Derry. PA 15671,
Tape O diskeite $14.95.

REPAIR any solid slate amp or receiver wilh just
your VOM. No experience necessary Average re-
galr lime one hour. Mike's Monster Method on VHS

120 or BETA 500, Send $39.95 shipping $3.50 to
MKW ELECTRONICS, 12345 Lake City Way N.E.,
Suite 115.. Sealtla. WA 98125,

UNIVERSITY offers stale authorized degres
grams In Business of Compuler Management. Low
tuion. NO class altendance. Wiite, hdudir’}; 6’""""‘
for brochure: UNIVERSITY OF SANTA NICA,
5161 Venlce Bivd., Los Angeles, CA 90019,
Call213) 933-4200.

ATTENTION
ELECTRAONIC TECHNICIANS

Highty Eflectve Homes Study B5EE Degres Pro-

om for Expertenced Tachnkcions

gy Clur Hew Agvoncad PRICement Progiom grant
B Craan lor J En-
pPadipnee Advonce Ropicty! 1 o\lmn’m

FREE DESCRIFITYE LITERATURE!
Coolds Ingitute of Elcironics Enginesiing
— P.O. 80X 30345, JACKSON. M5 37209

CIRCLE 77 ON FREE INFORMATION GARD
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HIGH QUALITY =75dB GAIN

MICROWAVE
TV SYSTEM

Varible from 1.9 to 2.5 GHz
- The latest advance
in mlcrowave
technclogy with a
SNOw-FREE
PICTURE.

Two Models la chooss irom
Both Models Include:
* 20" Parabolic Dish
# Pre-assembled Probe
with Down Converter
® Power Supply and Coax Switch
# 50’ of RG-59/U Coaxz with Connector
* Transiormer for 75 1o 200 Ohms
® All Mounting Hardware for Fast and
Easy Inatatiation

20" Fiberglass Dish
Up to s5dB Gain Up to 55dB Gam

Special 59895 Low Priced 39895

Add 10 ke Forgn oroens OF ()5S Pl Post
tagh Gam Yagp Artanna wit, Domn Commanr and 58995

l

207 Aluminum Oish

Poerer Supily  Compists Syskem Famdty 16 Lse

Igryora Chckn: miew 346 sresin In cead ‘
PROFESSIONAL VIDED, Inc.
4570 Holtywaod Bhd , Holhywood, Calif. 80027
For €.0.0. Orders Call (213) 219-0227
CIRCLE 21 ON FREE INFORMATION CARD

BUSINESS OPPORTUNITIES

VIDEO game repair business. Start your own Infor-
mation/parts fist $5.00. BEST ELECTRONICS,
4440 Sheena, Phoanin, AZ 65032

64K 6502/Z60 dual processor computer
USS420.00. Hundreds Apple-compalibie soltwares.
Detalls US$1.00. RELIANT, PO Box 33610,
Sheungwan, Hongkong.

BUY direct from Taiwan Hong . Details $1.00.
Relungdabla TONY COLUCCI, Central Bivd |
Memek, NY 11566,

DEALERS: Sell soideriass breadboards iC DIP
sockels, Very compelilive pices. LICAT EK, 26051
Vermoni Ave. 203C, Harbor City. CA 90710, {213}
539-8997.

MECHANICALLY Inclined Individuala desiring
ownership of small elecironics manufactuning busi-
ness—wilhout investment. Write: BUSINESSES.
92-R. Brighton 111h. Brooklyn, NY 11235,

MAKE maney by the minute around the clock for

ing 8 hours a week oM horne. Grows 1o & life-
bme incoma. Tolally new ultra modern project untike
anything before St ground Noor. No experience or
educahon requirement. 3,000 people alréady doing
division of mapos U S abon. For details wrile:
MULTIM ARKETING, 225 §.w Walnut, Dept. No.1,
Dalias. OR 97338,

PROJECTION TV.. Make $%5% assembli -
eclors...Easy .. Resulis comparabie to $2,500.00
grojeciors,,.Your folal cost less than $20.00...

lans, 8" lena & dealer's imlormation $17 50... lllus-
irated Informatlon free... MACROCOMA GAX,
Washingion Crossing, PA 18977. Creditcard orders

24 hours (215) 736-2880.

BIG

ELECTRONIC
ASSEMEBLY BUSINESS

Starn home. 3088 ime. Invesimeni kNowledge of
expensnce unnecessar BE CEMAND assem-
bing slecironc devces Sales handled by proles.
sionals, Unysual business Sportunity.

FREE: can&!ett Hiustealed lilerature
BARTA. RE-C Box 248
Wainut Creak Caht 94597

SERIAL and parallel printer inlerlaces Cealronics.
Saioctnc, Telotype. CULLINS, 917 Prestwick, Bed-
ford, TX 76022,

SPEECH synthesis PC board for SP0256-017. Mini-
mum external pars. easy 30 minule consinction,
PCB and plans $7.50. JV CIRCUITS, 1209 Hunter
Gl.. Addison, IL 60101,

PROJECTION TV..Convert your TV o ecl 7
foot picture - Resuilts comparable to $2.. & D‘tg;
ectors_.. Tolal cost tess than $30.00. Plans and
lens $19.95._1llusieated information free. MAC-
ROCOMA~GA. Washington Ci0ssing. PA 18977,
Creditcard arders 24 hours, (215} 736-3579,

@m electronics

ORGAN & PIANO KITS
ALPHA DX 300

fully
DIGITAL

RS232
Interface

For Free Scund Info
Call 1.800-233.38685
of wrlte WERS) USA
Dept. M B P.O. Box 5318
Lancaster, PA 17601

RECEIVING
ANTENNA

Gives excellent reception,
50 KHz to 30 MHz.

Hew MFJ-1024 Actlve Receiving
Antennz mounts outdoors away from
electrical noise for maximum signal.

Givas axcallent reception of 50 KHz
to 30 MHz signals. €quvalent to wire
hundreds of feet long. Use any SWL,
MW, BCB. VLF or Ham receiver.

High dynami¢ range RF amplifiar. 54
In. whip. 50 foot coax. 20 d@ attenuator
prevents recetver overload. Swileh be-
tween two receivers, Select auxiliary or
active anfenna. Gain controi. ‘%N"
LED, Remote unit, 3x2x4 In, Control,
=5x2x5 In. 12 vOC or 110 vAC with

optional adapter.
MFJ1312, $9.95.
; 5120,

L= o

Grder lram MF) and try It If not detighted,

return within 30 dai;s for refund (less shipping).
(ne year unconditional guarantee.

Grder today. Call TOLL FREE 800-647-1800.

Chﬁ:'ga‘VISA. MC. Or mall chieck, money arder.

LEY

Call 601-323-5869 In MIsS.. quiside continental
USA, tech/order/repalr nfo. TELEX 53-4590.

M ENTERPRISES,
INCORPORATED

~ ACTIVE )

te for trse catalog. Over 100 products.
CALL TOLL FREE 800-647-1800

Qox 494, Misslssippi Stete, MS 39782 J
CIRCLE 66 ON FREE INFORMATION CARD

PLANS & KITS

NEWI... repair any TV... easy. Mggne can 4o il.
wnte F:Es ARCH, RR No.3, Box 1BR. Cotville,
A 99114,

PRINTED-clrcuit boards. Ouick prototypes. pro-
duction. design, reflow solder. Sen &r’i‘nt or
description for guote 19 KIT CIRCUITS, 235,
Clawson, MI 17

HI-FI speaker kits. suto speaker sysiems and
speaker components from the workd’s finest man-
ufacturers. For inners and experts. Frea IMer-
alure. A & S SPEAKERS. Box 7462R, Derwver, CO
80207 (303) 399-8609.

INCREASE radar delector effecliveness. of yse
wilhout detector, distorl rue Speed Easily as-
sembled, plans $10.95. APG ASSOCIATES, 60404
Six Forks Road, Suite 138, Raleigh, NC 27609,

DESCRAMBLERS
AMERlCﬂN—CAﬂEP‘IAN
e Seet L 53000 7 ZEMITN TYPE

Descrambies “owel the 2 ang
“cable” e suppressed achwe
VIORO WISt 5100 1Ny

. Ready B go £-1000 78
Compiere En C-1000K HIZW
Printed Carcurt & Wanual 2495

C-100 / JEAROLD TYPE
Capis Descrambier lor whband gated

uppIBtTed systems
Ready to go C-100 1y ¥
Compiete Kt C-100K Y

SEND 32 FOR COMPLETE InsQRMATIVE CATALOG TO
CEFEAMINE WHAT TYPE YOU NEED

J & D ENGINEERING
P.0. Box 5099

Buy 1 kit Falmouth, Maine 04105
G'I‘ 2nd kit Dealers Wanted
&l Vi price Specie! Quantity Pricing
COD's—OK
A J & D proawey Mr L | 2B by e prived

S dary by FIA0 pebond B B 000l 1) a0y Tl e

WwWww americanradiohistorv comm

CABLE-TV converters: Jerrold. Hamiin, SB-3.
AN-3, Mini-Code, Zenith & more. UHF converiers:
Daluxa Il $inewara kits $95 00, gated pulse add'cn
$70.00. Compleie units $195 00 with gated pulse
$255.00, {QuantntL discounts.) Repairs of all con-
varters & cable boxes. Send SASE (54 cenls
ML& call for info. 1(312) 637-4408. HIGGINS

LE ONICS, 6014 W, Neison, Chicago. IL
BG4,

QUALITY light chaserfcolor organ kits. Retundable
$1.00 for flyer. DESIGN SPECIALTY, Box 1995,
Huntinglon Beach. CA 92647

PCB and TOKO coiim tor TV ﬁmbeci in February
1984 arncle only $17.00. JIM RHODES, 1025 Ran-
some Lane. Kingsport, TM 37660,

SPEECH synlheslzer—Unlimited vocabulary.

Schematics and pm%ams tor Apple, VIC, Comm

64, TRS 80, and Color Computer, $6.00. Tslkin

Clock for VIC. Comm 64, $3.00. All Radic Shac

?%:CHOTALK. 39 Raymond St., Providence,
1 :

200 electronics kits, progc(s Cts, plans. send stamps
for lisl, MATCO ELECT ONIgS Box 316R. Ca-
dillac, MI 49601,

ZX81 joystick adaption Wans $8 79, keyboard
adaption Plans $9.25. J. WILLIS, 4043H Harpers
Road. YA Beach, VA 23454-5321.

SCANNERS

SCANNERS—dIscount pricas Bearcat BC-100
$279.99; Bearcat 210XL $214.99; Bsarcat 300
£335.99; Regency MX300Q $186.89: JIL 5X100
$138.99; JIL X200 $269.99: Bearcar 20/20
$275.99; Spectrum radar geteclor $214.99; plus
$3. 00 shipping. Free discount calalog. Lowest
piices anywhere On scanners, radar detectors, ma-
fine radlos. two-way accessories. SCANNER
WORLD, 10-RE New Scotland, Albany. NY 12208
{518) 436-9606
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RADIO-ELECTRONICS

SATELLITE TELEVISION

CB EQUIPMENT

UNSCRAMBLE secret salelite channels watch all
the good stulf, Plans $18.95—kits $169.95—com-
plete unils $395 00—Details and order tarms $3.00,
SCRAMCO, 8688 Royal Drive, Nobtesville. IN
46060,

SATELLITE-TV receiver breakihrough! Build
your own s m and save! Instruction man-
uals, schemalics. circuit boardsa] Send stamped
envelope: XANDI, Box 25647, Dept. 21C, Tempe.
AZ 85282,

MULT] channal microwave Anlennas, highest
quality. low prices dealers welcome [).T. compac
$33.00, PT-1548.00, 5R-1$565.00. D.T ghd $69.00,
PTS-33 $75.00. all units complete. DAISY TENNA.
Box 42010, Phoenix. AZ 85080, {1800} B74-9033.

MOTORIZED satellite dish drives, gear molors,
mounting bracket. conleol $99.95, Jack shafls
540.00, AC DC voltage, 1SS, 4970 Apache,
Pocatallo, 1D 83204,

[ Box 02

ENJOY SATELLITE TV
Save money with easy, Quarsnieed.
g:g-rouruli anlenn:“pllm fkns

rofuc knowlsdge nol Necessay.
Sand $1.00 lor cai, or 5895 for
1984 G Guids 1o Satelht
Talevimscn '*

GFlLD9

¥

Mizzouls, MT 59807

GRAPHIC EQUALIZERS, ETC.

NOISE eliminators. expandars, power meters,
others. Twelve-24 bands'channel equalizers from
£85 00 Kit see A-E 5-678. 2/80, 3-481. C [
S88, 856A Lynnrose, Santa Rosa, CA 95404, (707)
546-3895.

SINE WAVE PATENT SECRETS

INCLUDES patent. compiete explanations of authe-
nzauon and control, video signal correction. audio
system. internal design. $§20.00, SIGNAL Box 2512-
P, Culver City, CA 80231

PALOMAR/Pride electronics—exclusive repair fa-
cility. Service—update —improvements on lhese
and similar aguipment. PALOMAR-PRIDE RE-
PAIR. 1320-4 Grand, San Marcos. CA 92069 (619)
744-0720.

In Iréquency #xpanders, speech processors. FM
converiers, PLL & slider tricks. how-t0 bocks.
plans, kils Expaet mall-in répairs & Canvarsions.
16-page catalog $2

CBC INTERNATIONAL, P.O, BOX 31500 1E,
PHOENIX, AZ B5046 {602Z) 996-8700

NEWSLETTERS

ELECTRONIC SYSTEMS NEWSLETTER is a
monthly publication written asgecaally for tha elec-
tronics st/experimenter. Fascinat ects,
new ldeas. sources. Free delails. AF PUBLISHING,
Depl R2, PO Box 524. So. Hadley. MA 01075,

EPROM PROGRAMMERS

EPROM, EEPROM, & microcontroller program.
mers operate through your personal computer’s
RS-232 communications port. PC boards from
$25.00; assemblad $139.00 10 $269.00: custom
software inciuded for IBM, CP/M, or Radio Shack
compulars. Free brochure. AOSS CUSTOM ELEC-
TRONICS, 1307 Oarlena, Sulle A12, Bouider City,
NV 89005, (702) 293-7426

REEL-TO-REEL TAPES

AMPEX protessional senes open reel tape. 1800-of
2400-feal on 7-inch reels, used once. -of 40,
$45.00. 10v: x 3600 feet and casselles avaiabla.
MasterCard'Visa, VALTECH ELECTRONICS. Box
6-RE. Richborg, PA 18954 (215) 322-4866.

ELECTRONICS, PHYSICS,
PSYCHIC PHENOMENA

PSH\C"CHIC phenomena sxplained, leam .r:g read
minds, develop a ooraphic Memary mone
No.T $3 50, How U.F.O3s work. produces spraling
lines olecmcrtl artifical gravity No.2 $3.50, How
to Transmute the Elements, the secrats baen
around singe 1899 No.3 54,00, Prophectas of
Noslradamus over 80 prophoeces, Iwg showing the
destruction of tha M,X., expiains biblical, my-
thol | myslenes, f)est interpretations around.
No.4 $10.00. Many slectromes kitg, modulaled door
lock, naby crystal 1aser. elecironic bug devces justa
few. Free catalog No COD. or charge cards. Add
$2.00 posiage. handhng. MIKE REILLY, 3520 SE
5th Ave., Cape Coral, FL 33904,

WANTED

INVENTIONS, ideas, new products wanted for pre-
sentation 1o indusiry and exhibition al nalicnal
lechnelogy exposition. Call 1-B00-528-6050. Ari-
zona |-800-352-0458. X831.

OLD whes: 243, 105, 455, 508, 80%, B1', 211, 242,
845, YT-52, VT-62, WESTERN ELECTRIC Eduip:
MENTS: {B18) 576-2642, David, POB 832, M-Park,
CA 91754

CABLE TV

‘DEALERS wanted: Channel 2, 3. and 4 notch -
fers. Money back guarantes. Send $15.00 for
sample and quantly prica Iist. y channel(s).
LEE KURTZ, PO Box 291394, Davie. FL 33329,

INVENTORS!

INVENTORS! IDEAS HAVE VALUEI Ever think of
an idea, lorge! if, and see i later on the markel?
Many peopla don'l forgel, act quickly, and ere -
warded by Amencan Write down your ideal
We offer iree disclosure registration and inimial con-
sullatipn regarding your ideaw palential value. Call
or writa without nzlfor #6 tree informaton .
age AMERICAN INVE RS CORPORATION,
82 Broad Streel, Deplr RE, Westlield, MA 01086,
{413) 568-3753.

MODEL 3100
GREAT PRICE

NORTH AMERICAN SOAR corporation
PEN-STYLE DIGITAL MULTIMETER

*49.00

[

R e

NEW!

SPECIFICATIONS.

Range: Ayl rangens

Polartty Autormads e or Pt
Orewrvaregs Wil albion. MBS 1 o + % ndezatocn
Data Mol Dats hotd o ol (pngiry with hold gunich OR

Sarmpting 2 T e i o
Pomwer Suppdy TR -04 Danery i1 33v) X7
Power Consumplion S Smw

KCS

1043 N. STADEM DR.
TEMPE, AZ 85281

Hand Held LCD Display - Fast One Hand Operation

Copline L GO T c0ill mucmum 1880 of 1999 tontinaty Deeper bull-n

y, Murs 1gn for negatne GOty

Low Batery indecaton B mars S3plyed aten Datkeny deops Delgw oparatng vorige

Bize: 67 L1%" LWH {lewt D0ter RO incluces " Bnd 25 04 obet

Add $2.50 For Shipping @ e m
STOCKING DISTRIBUTOR P
ELECTRONICS

CORPORATION
SEMICONDUCTOR PARTS AND PRODUCTS

(602) 967-6945

Calt oF Write tor FREE
Semiconductor Parls & Products Catalog

-~

CIRCLE 83 ON FREE INFORMATION CARD
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FIVE YEAR WARRANTY
PARTS & LABOR

| MICROWAVE TV ANTENNA SYSTEMS |
Freq. 2.1to 2.6 GHz . 34 db Gain +

COMPLETE SYSTEMS
[as Pictured)
Commercial 40"
Rod Siyle
Parabolic 20
Dish Style § 79.95
COMPONENTS
Oown Converters
[both lypes] S 34.95
Power Supplies
12V 10 16V) § 2495
0Oata Info [Plans)$  9.95°
CALL DA WRITE FOR
KITS. PARTS. INRIVIOUAL
COMPONENTS

We Repair &l Types Down
Converiers & Power Supplies

Phillips-Tech

Electronics
P.0. Box 34772
Phoenix, AZ 83067
(602) 967-6972
Special Quanlity Pricing
Bealers Wanted

A
Y| S

$ 99.95

CIRCLE 29 ON FREE INFORMATION CARD
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IT'S SMART TO BUILD WITH SHACK' P

F ==

No Minimum Order! Low Prices! NO Mail Order Delays!
Power Transcormers Low-Profile DIP sockets Replacement
120 VAC Primaries Quality non-wicking sockets for PC use. Low- Transistors
T resistance conlacts.
T)rpe Ll Ll L Cat. No Each Type Cal. No. Price Type Cal No. Emch
Mini | 63 SO0 MARY" 2I5138 (i Y &Pin 2761995 2/.59 20135 PP | 2762007 119
Mini | 126 LUy | R 14-Pin 276-1999 2789 MPS2224 NP | 276-2009 ™
Min | 252 300 maA 2731386 | 349 16-Pin 276-1998 2;'j89 PH24B4 NPN 2TE-2010 "
M | 128CT 450 mA 2731365 | 359 MPS3904 NPHN 2762018 -
M | 25.2CT 450 mA 2731366 | 399 Type Cal No. Each TIP3 NPN 2762017 99
Sid 83 124 273050 ar 18-Pin 276-1992 49 TIP30SS NPN 2782020 159
sid 12.6 CT 124 2731505 3.09 20-Pin 276-1991 ] MPS2907 PHP THe-2023 ™
S | %2 | 124 | 23u4p0 |43 i ] Zingioes 3 i g it = [T S
WD | 126CT | 30A | 2731511 | 599 A gy 4 MPS3638  PNP | 2782030 ™
HO | 252CT 204 2731512 (629 TIP120 NPH 278-2068 1.29
H-D 180CT 204 2731515 |69 ter/G 2NI055 NPN 2782041 199
2M4401 NPN 2782054 59
- Computer/Game COnnectors e i g .
; Tantalum Capacitors Repair or make your own RS-232 cables end foy- MP5A13 NPN 2762000 | 59
stick extension cords and savel MPSALZ NEN 2782061 &9
. 25C945 NPH 2762081 7%
Type Positions | Cat. Ho. | Each 25C 1308 HPN 275-2055 7.95
+ 20% Tolerance \ 1D Card Edge n 2761564 | 4.95 e e e =
* Standard IC Pin Spacing Card Edge Socket 4 | ze1551 29 MPFI02  NFET | 2762082 »
T No-Solder Sub-D Male 25 276-1558 | 4.99
I % Wi oo b Bach NoSolder SbDFem. | 25 | 761565 | 499 "
el RAE g P Sokder Sub-0 Male s | zenw 19| | 2000-Series
1.0 35 272-1434 A9 Sokder Sub-D Female 9 | 2761538 |2.49 CMOS ICs
1%2 f‘ig %iﬁ g Hood tor Above 9 276-1539 | 199 il
: ' Soider Sub-0 Male 15| 2761527 (249 With Pin-Out and Specs =2l
2 s 2124061 e Solder Sub-O Female 5 | 7761528 | 340 ;
Hood for Abdave 15 276-1529 | 199 Type Cat No Each
Solder Sub-0 Male 25 761547 | 299 4001 2762401 99
Ceramic Disc Capacitors o i e | L seMl] e e {3 o Gl s
Hood for Above 25 | 2761549 | 1.99 4013 276-2413 1.19
Low 4017 2762417 1.49
A 4049 276-2449 119
s Communications ICs pres Ak s
39(; Pkg.
of 2 Type Cal. No. Each]
XR 2208 AFSK Generalo 276-2336 | 5.95
For RF, bypass and coupling. Hi-Q. Moistureprool XR 2211 Decoder!I:L;. ! 276.2337| 5 95 TTL Dlgltal ICs
coating. 50 WVODC. MC1330 Video Detector 276-1757| 1.99 In Stock at Low Prices!
MC1350 IF Amp With AGC 2761758 1.99
oF [ Cat No [Phg o2 uF Jcut Ne [Pg oi2
a7 72120 ™ 01 | z72.128 » MC1358/CA3065 FM Delector |276-1759} 1.79 Type Cal. No Each
41 |2ran 39 bo&E | 272.930 N 7400 276-1801 89
wr |21 | of |@mam| B . i
20 |m2124| » % |ma| .- Watt, 5% Resistors 7404 276-1802 99
L B L r] n 1 72135 o 7408 2761822 129
’ ""‘----.._-g,_______________ 7447 2761805 1.59
F 39 Pkg. ol 5 "'---_‘.____n-;..,\____‘ 7490 276-1808 1.09
Ultra-Compact =
SPST Reed Relays Ohms Cat
10 271-1301 No
O AR . oo 1 | Operational Amplifiers
150 2711212 15 2711397 ;
220 2711313 22 271138
149 ' : 2m 271.1314 2 2711340 Typs Cat No Each
330 2711215 33K 2711341 741 {Single) 276-007 B9
Each & E4RpF: R 2711342 MC1458  (Dual) | 276-038 99
A - - o - y L{M324 {Quad) 2761711 1.29
at 5/1e" b "
Coracts rated 1 amp st 125 \AC, Loweoroms | [ 18 [zeme| 1ok | B [ yioe  (uay| 2i6ms | 19
colls. > SRl s GRS TLOBA (Quad) | 2761714 299
“ 33 271-1328 470k 2711354 Ousd 276.1713 139
SYOC Coll.275-232.............. ... 149 % 271-1330 1meg | 2711358 LM3900 (Quad) 76-
12 VDC Coll. 275-233 . .. 1.49 68 | 2711333 10mey | 2711365 L339 o' b EAb ik
Understanding Automation | Getting Started voltage Regulator ICs -
295 in Electronics
Type Adjustable Cal. No. | Each
R e, 2“9 oy o LM723 | O 40VDC | 2761740 | 99
i Com§o B oo LMANTT| 121037VDC 2761778 | 279
tometion stems, Teaches the basics ol
Thia illustratgd. 256- modern sisctronics Type Fixed Oulpul Cat. No. | Each
ﬁgga book #xplains with ar emphasis on in- 7805 +5vDC 2761770 | 159
alectronics is be- tegrated circuits, Easy- 7812 +12VDC 2761771 | 1.59
i apphed to indus- to-read taxt and 7B15 +15yDC 276-1772 1.59
trisl automalicn to diagrams. 128 pages. 7505 -5VDC 2761773 | 1.59
increase productivity. Mready a “ciassic”, 2 .
621387 ... ... 2-95 2765003 .. ... .2.48 7912 -12vDC 2761774 | 1.59

A DIVISION OF TANDY CORPORATION

Rad Io ’ h aek OVER 8800 LOCATIONS WORLDWIDE

Prices apply st patiGipanng Aado Shack giores and dealers

CIRCLE 81 ON FREE INFORMATION CARD
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* AlnadzINcG
m DEVICES

PEASOMNAL DEFENSE AND PROPEATY PROTECTION
P unumzuz SPACE AGE TECHNOLOGY.

THESE DEVICES CAN BE HAZARDOLSS AND MAY SD0N

| $5 50
Plam_ 00 IPGSK . KvPam .. 53950
(0] :iﬂs:mmsoanml-‘lemmwu OLLER _ PPE1G

250 00
Pams | 51500 PPFIK. Ki/Pans... $175 00
b2] BLASTER Prmapumuulmrwumbleolmncw

Ao
$79 50

Assemined

. aPans. 1000 8LSIK.. . KPlans . 559.50
SHOCKER/PARALYZING DEVICE ~ Yery mbradsbog and
. Assamibied . $99.50
$1000 SHGE . 37350
RUBY LASEF fUb Y GLIN — Intense yeabie red beam burne and
weids haroest ol metats MAY BE HHMOOUS
numn Parts AvaRatie tor Com, Dnmh
CARBON DIOXIDE BURMING.
S ey ”*“:.M;’a
arts Avai for Comphali, vice §1
\I'ISIBL E LASERI.IGHT GUMN — w&hmng mierse red he.
wanrf heid LOMplate
I.GI.I:I 10@(‘!!“ bled Units Available}
S I PULSED LASER RIFLE — Produces 1530 wati stra /60
prerses at 200- 2000 piv sec
LRG3 . All Party & Diodes Avsiisble . 51000
BEGINNERS LOow POWER VISIBLE LASER — amm
relow Feen — Denates 80 £xCellen Source Of MONOCHY OMuUbe

8500 LHCak 6 32950 |

SNOOPER PHOME — Allows wser kb call s Premeses and ksien
nmmourﬂmm

SNP20 - — 159 50
C SNPZ . Puns, . 5900 SNP2K . Paneiit  $50.50
LONG RANGE WIRELESS MIKE — Miragture diracy clearly

u Umlsmm!wﬂsw senutres, powertul

R CS700 METVK  Plgns/iit._ $90.50
MRELESSTELEPHONE TRANSMITTER - Traneumsts both
mdm.:msamwwm mtuﬂauloma
VWwPM5. | 00 YWPHMSK PO

T TALK & TELL RUTCHATIC TELEPHOKHE RECORDING

Y DEVICE — Gie gt kor Monvionng telephone use o

TAT! Plans . $5 00 TAT2K PangMil .. 514 50

“Dur PO ;3 open lor ORINTS ATy BT, Techruczans dre avaabie §-11
4 M, Won-Thurs [ov IR0 needing 1ssmstance OF mitonma bon sm
hlhnul#ouofmmmlsmemm Send check.
MO. Visa, WC. COD o° |\NFORMATION um.mlTED
DEPI RB.PO Box 718 Amherst N H 00031 Tl 503-673-4730

CIRCLE 83 ON FREE INFORMATION CARD

QUALITY SPECIALS

DELUXE 46 CHANNEL
CABLE TV CONYERTER
With Fine Tuning Dis

wwm».ﬁ_“m

NEW DIGITAL SCALE
Lab sccurscy stwn
mm‘ gram ot oz
Conemm S yemied mmgiel W pore o RN
g """'r.-':‘#'... -

R Y L i

Best Value $74.95
POCI(ET MICROSCOPE

UBS Sate prycme s ke St P v
Rt £

e Y SRS 1 Punit S
g L paige WG

I|1l| L

U Mk Sl . et S
G el i ot DL T O SR e

Anaoterew TR Bpacly 1w BOR s1 4.95

GOLDSMITH
| SCIENTIFICE” ™
CIENTIFIC
720 E. Induntrisl Perk Dr,, Mancheste«, MH 63103

CORPORATION
wiLcoms

PHONE CROERY 1903) 434200
FREE CATALOG OF NEW DEVICES

ALY 14 Prur AR L E0D e TR
A FELF A TROM FLELY G =

RADIO-ELECTRONICS

CIRCLE §3 ON FREE INFORMATION CARD

COMPUTER CORNER
continued from page 89

processor, 3 hex keyboard, and
video output. Italso has 2K of RAM
and an audio-cassette interface.
The unit has never been used and
is still packed in its original box. |
suppose it might be good for
learning about microprocessors or
as a special controller for some
project. But the 1802 is not exactly
what you’d call a mainstream CPU.

Also among my basement col-
lection was a Heathkit £7-320, a
6800-based microprocessor train-
er. The unit works fine and is out-
standing for learning micro-
processor operation and applica-
tions. Heath still sells that unit, but
| suspect that mine will reside in a
cardboard box in my basement
along with some of the other
goodies that | hate to give up.

Just recently, a pair of Tandon
100-1 floppy-disk drives were add-
ed to my basement junkbox.
Those single-sided double-density
160K byte drives came out of an
IBM PC, which was purchased
when that computer first became
available late in 1981. Since most of
the newer software for the PC uses
double-sided drives, | was forced
to upgrade to a couple of Control
Data double-sided drives. Now
the question is what to do with the
Tandon units? They are probably
worth a couple of hundred dollars
apiece if purchased separately, but
who wants single-sided drives
when double-sided drives seem to
be the most popular thing?

Computer components

Finally, we come to my compo-
nent junkbox. Beside all the old
TTL devices, a number of 256-bit
bipolar RAM IC’s, some 4K NMOS
RAM IC’s, a 1702A PROM, and
some LED displays were found.
Also in that junkbox were a couple
of microprocessors that had been
acquired somewhere along the
way. One type was Intel’s original
8088 8-bit microprocessor and the
other a Signetics 2650 8-bit micro-
processor.

So far, | haven't really decided
what to do with all that stuff; most
of it has been around for years, so
there’s no great rush to get rid of it.
Perhaps some of it will be sold,

WWwWw americanradiohistorv comm

particularly those items that may
still be useful. Other items will re-
main in the basement for old times
sake, and then there may be a few
items that will just be thrown away
or cannibalized.

In any case, most of the stuff is
in pretty good shape and could be
used for experimenting or learn-
ing. Other than using it for experi-
mental and learning applications,
the best thing to do may be to give
the stuff away to somebody who
can use it. Anyway, the basement
is straighter now—or at least some
of it is!

My next chore will be to sort
through the old magazines: There
must be every issue of every per-
sonal computer and electronics
magazine since the early '70's
down there. Most of them should
be thrown away, since they take up
so much space. But | just can’t
bring myself to do that, because
those magazines contain the his-
tory of persenal computing—
again, nostalgia! Anyway, going
through all of those magazines is
more than a week’s project (es-
pecially since I'll probably try to
read every issue). | wonder if V'l
ever get around to it. R-E

|

NEW IDEAS
continued from page 46

ic burglar-alarm type switch with
normally open contacts (the type
that’s mounted recessed in the
door frame).

Relay RY1 is optional; it’s used to
turn on an outside lamp so that
you can see the person that’s at the
door.

Relay RY1 is a SPDT 12-volt ceil
relay with 125-volt, 3-amp contacts
(if you wish, Radio-Shack sells a
DPDT relay, 275-206, that is rated
appropriately and can be used.
here; with that relay, one set of
contacts is simply not used) and
RY2is a mini SPDT relay with a 6-9-
volt coil and contacts rated at 1-
amp at 125 volts (Radio Shack 275-
004). To make RY2 operate prop-
erly, itis necessary to strip offd or 5
turns of wire from the coil tension
spring to increase its tension.
Transistor Q1 and diode D1 are
general-purpose devices. The
buzzer is a 2-20-volt piezo type
(Radio Shack 273-060).—Fred
Jellison, jr.


www.americanradiohistory.com

WE HAVE QUALITY PARTS. DISCOUNT PRICES AND FAST SHiIPPING!

7 CONDUCTOR
RIBBON CABLE

RANSFORMERS

120 volt
P

54 VOLTS & 750 WA
EVOLTS @ 150 MA
T VCT & 200 A

$3.00
2%
$2.00
0 S

COMPUTER POWER SU

USED 1O POwE R A COMMODCAL
COMPUTE

3

T ) L2 AMPS)AND 9 wmC g S a w

PLY

A THIS BUPPLY DELYVERS
B0TH & YDC & 6 W [APPRIX

$10.00 EACH

y

by MULTI.
SWITCHES

.
3 STATION

AVCT 1.2 b “n
NON-INTERLOCKING

WALL
TRANSFORMER

3- ZFOT SWITCHES

CONNECTOR

<

3 CONOUC TOR . LINE PLUG
AND CHASSIS MOUMT JACK
TWISTLOCK STYLE SAME AS
EWIT OHCRAFT 12CL5M
250 PER BET

i
Q
SPECTRA STRIP RED MARKER

STAP 28 GA STRANDID migl
$5.00 PER ROLL {100 FT.)

COMMUNICATION
MICROPHONE

ALL ARE 118 VAC ! : SO sl

SLUC 1" BETWEEN

MOURTWG CENTERS
"

5 STATION
INTERLOCKING

4¥YOC @ TOMA
& YOO OF 900 aa
# YOC & 500 MA

15 ¥AC 3 300 MA
HAWMC @ Wy
17 WAG 1 300 WA

SPRING LEVER
TERMINALS

140 COL O - -t

TERMINALS
CNASTURDY @ EQ S
L B P
BARELITE PLATL
GREAT FOR SPEAKLR ENCLOSURES
O POWER SUPPLIES

$1.00 EACH

2.8PDT e
SwnTCHES DN FLALY
INTEML OCWG ASSEMBLY
Iu"BETWEEN
MOUNTING CENTEPS
S50 EACH

5 STATION
NOM-INTERLOCKING

SAME AS ABCVE EXCEPT
EACH SWITCH OPERATES
WOEPENDENTLY

10 1R 3900 1250 EACH

raras Nk

METER
p-15V.0.C.
THIS 2.974
SQUARE WETER
MEASURES
£-15¥DC
50 BACH

MEWD B STYLE MK wiTH
PUSHS PO T SWITCH
$5.00 EACH

SUB-MINIATURE
D TYPE
CONNECTOR
e
o
COMPUTER HOOK UPS

0B-15PLUG

2 CHANNEL LIGHT ORGAN

EASILY HOOES JNTO STERED SPEAKERS
ANDO ALLOWS 110 vAC LIGHTS TO DANCE
WiTH MUSIC Twi) SEPARATE 110 YAC
OUTPUTS FORHIGH AND LOW FREQUENCY
AUDIO SIGNALS USE TwO ORGANS FOR

STERED
3450 PER UNIT
COLOA LIGHT BTRING AVAILABLE $1.73 EA

FREE! FREE! FREE!
LINE CORDS

S
TWO WIRE
& hgs THO WIRE
I FOR 100
THREE WIRE
18 INCH 8gs THREE WIRE

KEY
ASSEMBLY
5 KEY
31.00

=59 Lo,

COMTAING 5 SINGLE POLE
NORMALLY OPEN SWITCHES

PROBLEMS. IDEAL FOR PAR
SWITCHES, LIGHTS. TaPE
PULLEYS
*SPECIAL PRICE"

B TRACK RECORD/PLAY TAPE DECK

8 TRACK RECORC WATH AUTO STOP. NOT FULLY FUNC-
TIONAL REMOYED FROM ASSEMBLY LINE FOR MINDR

TS. EACH UNIT COMTAINS
MOTOR. BELYT. WHEELS

. PRE AMPS, TAPE HEADS. ETC.

3400 EACH
10 tor $35.00

2K 10 TURN

MULTI.TURN POT
$5.00 EACH

&_., SPECIROL
EDGE

PUSHBUTTON
POWER SWITCH

DCUBLE POLE POWER SMTCH
PUSH DM PUSH CFF
$1.00 EACH

0D M. 7181
CONNECTORS
ALL ARE 156" $PACING
10 PIN EDGE

CONNECTOR
TRN #80-10A 20 §2.00 EACH

18/38 GOLD

NEON W/ RESISTOR
DiRECT

OPERATION

¥ hor 31.00 FROM 10 VOLT

SCHOLR STYLL
16 Pil WAL |
USED O
PRRALLEL
CATA CAHLES

SOLDER EYELET £2.00 EACH

SP5ST MOMENTARY
HORMALLY OFEN
1747 BUSHING
SPECIFY COLOR

RED GLACK WHITE.

GREEN YELLOW

6 wDC

TTL COMPaTIBLL
$1.00 EACH

54 EACH
SOLIO STATE
10 FOR $%.00

PG STLE NO M

150 EACH 10FORBIA00

120¥ INDICATOR
-

A ———
HECH INIHCATOR RATED
120 v 173 W WMOUNTS IN
5rvE” HOLE RED LENS
754 EACH
10 FOR 3T (0

$5.50 EACH

=48 PAGE CA

2 tar $1.00
EFCOT 18ga THREE WIRE
$2.00 EACH

SOLDERING
IRON STAND

MEASURES 3 374 LONG
& KEY

$1.25
EACH

CONTAINS B SINGLE-POLE
JORMALLY OPEH SWITCHES
MEASURES 4 14~ LONG

~ BATTERY
OPERATED
SMOKE DETECTOR]

M WEIGHTED

BASE =
(*. =
)

00 EATH

-

RELAYS

MINIATURE

6 VO RELAY
e SUPER SMALL
S5P0T AELAY,
GOLD COBMT

COMTACTS

RATED 1 AMP AT 30 vDC
WIGHLY SENSITIVE. TTL
DIRECT DAIVE POSSIBLE
CPERATES fROWM 43 TO
v COlL RES 200 O

137187 = 192 = T
ARCMAT » AS0-8V
$150 EACH 10 FOA T13 80

TRANSISTORS

S hor 4.4
A b §1.00
W ior £1.00
At 100
4w H.W
4 b 100

ic
N

BRK MODEL = 9%
uL

wWLD
9 yOLT S TE By OPLRATIGH
OF CEILING OF wALL MOUNT

$8.00 EACH 2 FOR 815 00

13 ¥OC RELAY

|cCOMPUTER

100 FOR $84 00

GRADE
CAPACITORS

2.000 midd. 200 VDT
134 DA - 3° HIGH
3,600 mid. 40 VOC
120 Ok < I3 HIGH $1.00
5,400 mid &0 VDG

22/44 GOLD

52,00 EACH

RC LIS 10 FOR $1.00
28/58 GOLD

756 GOLR MATED CONTACTS
156 CONTACT SPACING

SWITCHES
MINI-PLUSH BUTTON

10 FOR 373

100 FOR 530 00

BUZZER
STAR wEMB O6L
SOLID STATE
RELAY

HEIME MANN [LECTRIC
*101 54 140~ 5 AMP
COHTROL 3 32¥DKC
LOAD J40MWAC & AMPS

$2.30 EACH 10FOA $22.00

TALOG FREE!
SLIDE! POTS

158" TRAVEL T8 EACH
500K Hnear tapar

2 147 LOKG

174" TRAVEL  TH EACH

DUAL 100K sudio taper

3127 LONG

2 172" TRAVEL $1.30 EACH

1V 0WA «aVa GH 32 50
22,000 mtd. 40 VDC
T D8 - BT HAGH

21,000 mid. 15 ¥DC
14 DA = 4" HIGH

$2.50

CRYSTALS

CASE STYLE HCXVU

COLORBURST
T MMZ 6T A5 KL

$3.50 EACH || 1100 BACH

T2.000 mid. 15 ¥DC
T O . a0 HGH

185,000 mid. § VDC
IV DN - 21T HGH  $1.50

5

CLAMFY TO 17 Cakralt1iORE My w

METAL OXID
VARISTOR

GE » vR2IA2
30 ¥OLTS NOMINAL O C
VOLTAGE 58 DIAMETER

b |

SIZE %1 K W HIGH

FREE! FREE!

STANDARD JUMBO
DIFFUSED

RED 10 FOR 1150
GAEEN 10 FOR 12.00
YELLOW 10 FOR $2.00

FLASHER LED
S VOLT OPERATION
M " reD sumac size
$1.00 EACH
BIPOLAR LED
TFCALI D

SUB MINI LED

¥

9" = owe”
AED 10 FOA §1.00
=0 FOR SR 0
GAEEN 18 FOR 11.50
LED HOLDERS
TWO PIECE HOLDER gy @

FOR JuWB0 LED
1 FOR 85¢ 200 FOR 11000

2 FON $1.50

CONTACT SPHNC
10 AMP % 120 VAC
ENERGLIE COIL TD
OPEN CONTACT
COIL 13 vOU 85 OHaS
SPECIAL PRICE u;w EACH

POWER SUPPLY W/ PRE-AMP

THS SUPPLY waS USED 1O POWER
AH 8 TAACKCCASSETTE UMAT IT
WiLL SUPFLY AFPROX 18 YOG AND
INCLUDES & ShlilL PRE-AMF TO
BOOST SiGHAL LEVEL
ACA PLUGS Ol Litel I OUT

TOLL FREE ORDEAS DNLY
1.800 826.5432

I10ORADE R DALY 1

{IN CALIFORNUA: 1-800-258-6566]
ALASKHA HAWAIL

OR INFORMATION

1213} 380 B00D

+ 14 P utyw
+ 3 amp contacty
aldvon 4G o

= Unawd but Tully tosient

$1.70 EACH

tpecify COB voitage

LARGE QUANTITIES Avar ABLE

(= |

| =|

505 5. Vermont Ave

4 PDT RELAY

120 yolii ¢ £ cou

BOCKETE 0N ML ar S Sk

i
1'::‘ . ’

PO BOX 20406

MINIATURE TOGGLE SWITCHES

ALL ARE RATED 5 aAMPS @ 125 YAC
P

S.P.OD.T.
{on-on)
FCETYL

K
-TaREADED
BLSMING -

TH LACH
1O FOM 37 oo

SPD.T.
{on-otf-on)
MO Tramg A

lg ".__“‘
o4 gack

S.p.D

10 FOA 17 00

CIACLE 12 ON FAEE INFORMATION CARD

o0 FOR a0

T.
{on-on)
FE LuGE

Los angeles. Canl, 90006

5.P.D.T.
{on-olt-on)

CLEAR CLIPLITE
HOLDER

WARE LED A FANCY
§ INDICATOR CLIAR
4 FOR 31 00

3OL0CA LUG
TERR AL S
11 BACH

10 FOR b3 m

L Pl N T E]

D.P.D.T.
{on-on)

304 DER ¢ UG
TERAMINALS
37 M0 EacH
10 Fom 118 00

PHOTO-FLASH
CAPACITORS
170 MFO 330 VOLT

LR NI |
2 FOR $1.80

750 MFD 330 YOLT

2 RIGH = 1 V4 Dia

100 FOR F18g 00
QuUAN

1,25 EACH GFORS1 0Q

MINIMUM OROER 510,00 S

USA: 52.58 SHIPRING

FOREIGH QRDERS

INCLUODE SUFFICIENT
SHIPRING

CALIF AES. ADD & T/
NO €00

WWWwW americanradiohistorv comm
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RADIC-ELECTRONICS

-
L3
-

PRIGE BREAKTHROUGH

EPROMS CRYSTALSYW  CMOS

32768 kN2
{1us) 1.0 mhi as2a
1450n3) 4432 : 25 asm
:ﬁomllsvl 20 25 R
65003 2097152 X 450
{450na) (3v} %

. L i5v :-.5?5 n 4539
33000 216
{15003) Giv) : bt

{450n3) .:Z ::;:
{450n3) (5w »n 4558
{$50na) (5v1 4 e
{250n0] 5v} 130 4
{200ns) Sy} ja 450
% {45003} (5] R1vPGM} 79 4582
ol Hhee] {250n3) (5v) (21x PGM} 3% asm
- (200na) {5v) (21vPGM) 3% A58S
295 B192 x8 (450n8) {5v) 89 4702
{100m8) 192 8 (25008) (%v) 79 MCOHO k11
20008) B192 x A (200n8){5v) 19 74C02
:g: B192x 3 (450n3) |5y % raCo4
o 8192 x5  (430na) 5¥) (24pin} b
o e 8192 %8 (350na) (Sv) (24pin} e, 115
HidB T 1ELE & iﬁ‘:? “:-Lh :zson' :g: ;9 ngm
20008} {emot 1 3 HCu
e ECRel 1802 (e mas) (LPY 214pGM  Program 4121 veln : 85 aCzo
29 Taciop

Hua1aLEd
165 HaC2

* & & AHIGH-TECH & & & [ 5 78

HudeaLP 15 §s Faca

ovname aams I SSI 263 speconsvrnesizen e

12300 « MICROPROCESSOR COMPATIBLE ISR LCUE
» § 8847 CONTAOL REGISTERS oL
« ENHANCE YOUR MOCKINGBOARD OR BUILD TS ratas
STEVE CIARCIA S SWEE? TALRKER It 3 95 B 69 T4CHR
{BYTE MARCH "34) 4 85 TeC90

* % & & SPOTLIGHT & & & & AL

GENERATORS % TaCi0
» GComputer managed Inveniory BIT-RATE 3 TS

~ ¥lrtuglly no back orders!  REARRENETES v

BR1941 1198

» Yary comopelitive oricesl 4702 1295 9 T4CIS?

COmSUS 18.95 LR FT 41 1

» Friendly staif! COMBYIB 1095 39 Tacist
48003} 15v) MM 507 18 95 3 rsCabz

Fadih clm i «» Fastservice - mos! orders FUNCTION 2 14€183
processed within 24 hours! Rl > %

Fe Fac1rd
29 MCina

2.5 Mhz ¥ HaCirs

28-Chu 395 19 T4C192

INS-8073 Zao.C1C 398 2% TaCi
pIxg Z00 DART 10 95 [l UPDT201 29 T4C1%3
Boes) . 780.0mA 12 95 [l TMS85512 2% 74C200
:g::lvﬂ iy I80 PID 195 UL N2003 % TaCIN
Zosi00 11l 34 85 74C2ad

Zao- 51075 11 95 MCIAT0 49 raCiT}

Zab-51072 1195 249  T4C3IM4

MW
2205109 s ”%3’:0 Yas o racEn

4.0 Mhz 954450 bk Agh—s
Zsoa-CPU aqy i 313 0m 0P 4R, I
Zwoa-crc 4.9 [3313°002L0W 555 T I

L3 4
Znoa.DART 995 795 7aCo07
::g:-gluaa 1: 9: 149 TaC90B

- 4

5 r4CH0N
ZA0A-5HO:0 1295 CIRCUITS 5 T4CH10
280A-510/T 1298 7aC91y
Z80A.510:2 1295 FLO ] 1 L F
ZE0A . 5105 12 95 MME374 ! A5  FaCMa

6.0 Mhz " [ LI et 21
Ze0B.Cru 95 FaCo1n
Zsop.CTC 1295 TeCo20
ZH0B-PIO 1245 Tace
ZBOB.DART 1995 TeC922
Z008.51072 1315 KE;:(;ASRO 7aC921

) 74C 025

Z‘LOG AVE 2176 LR 1 Taceze
25132 3495 W 4753500 IR 13 TeCe28
Znal 3 AYS IS00 PAC 11 9% TACH2S

VISIT OUR RETAIL STORE
JDR Microdevices HOURS: M-W-F,9-5  T-Th.88  Sat 10-3
PLEASE USE rOUR CUSTOMER NUMBER wHEN ORDERING
1224 S, Bascom Avenue, San Jose, CA 95128 TERMS Minimum 0:04r $10 For shIPBInG and Randiing inciude

$2 30 Yor UPS Gaound and B350 Ior UPS Alr. Orders aver 1 ib and

800-538-5000 » 800-662-6279 (CA) forNign 0/d:a ™y reGuie saditionsl sNPING Eharges — BHars
(408) 995-5430 * Telex 171-110 PATRAE ol BrEban TR o o et
wbjecl 1o changes withoul adlice We are nol FIPORNBIe [Sr

© Copynght 1004 JOR Migrogevices typographical BN We resdree the aght fo Hmi Quariite s gnd 1o
wWhIUIE MEnulaciuter. Al merthandiie bl 1o prior sai

CIRCLE 74 ON FREE INFOAMATION CARD

1
3

e -

SR2RARBEIRRRRERERE

*
33335553538

-
Ll B D0y F- N TR - TR N

Bovae
BRETS
B"ERER

'r-‘
2RRERT RN

gs2282s

.._.._.._...
4

LR S TR B

£
5

gaaga
F13433
FEELY
e
-

m:! il
{1908 191
{120n3] (3v)

W )
1190n3) Pel
$190A3 (%l

!oho Lot oL l-§ =
RERIRAL ERRELBRIZXTERZES

-
w

Benss

CONTROLLERS
17 3

68DLT 8 7"
ER4AN 1995 1793 ‘C.?sNTROLLEP;";

6400 TMMI s 19498
“aoo 19 95 HOD465055P 1595
2325 ' a4t 11 9%

19.9% MC1172 695

. B 4047 2495

¥ [ F3e 998

T2:0 335

CHTSDZT 19 %5

CATS0AT 4%

1% 85

1% 9%

BoravoadoB BT wamwe s

P RBELEBRNR RELE

i
-~

WwWww americanradiohistory comm


www.americanradiohistory.com

e

Tal501 a5
r4L502 .25

T4L503 28
FaL504 24
T4L505 .15
F4LS08 24
T4LS509 2%
F4LS10 25
TALS11 1
FALS12 35
T4LS13 A%
TALS14 At
LS55 L}
TLS 20 25
FaLSEN 29
TaLS22 F1]
TALS 26 a9
TaLS2T Fi ]
T4L528 L}
T4L510 25
TaLS512 2%
TALS533 55
T4L537 L3
raLS18 35
TALS4D .18
T4LEaZ A9
TALSAT 15
TaL 548 s
T4l 549 15
TaL3551 25
TALS54 %
TaLS5S 29
TaL 562 11s
TALST3 ]
TALST4 L]
TALS?S i
TaLS5 T8 n
TaLSTR A9
T4L 583 .0
TALSS L)
TaL 538 N
TALS%0 55
TALSM 9
TALS92 55
T4L533 55
T4L598 i

TALSSS "
TALS10T | |
TaL5109 .
TaLs112 | ]
TaL5113 a0
TALS114 | |
TaLS122 A5
TALS12Y 19
TALS124 290
TAL 5125 A9
TAL512% AT
TALS132 59
TaL51M3 59
TALS11% | ]
TALS13T .39
TALS1)a 55
TALS139 A5
T4k 5145 1.20
TALS147 2249
TALS 148 135
TALS 151 55
TJ4LS153 5%
TabLS15:4 190
TaLS 135 K1
TaLS158 M
TALS 187 48
TalLS158 59
TaL 516D 1]
TALS 181 &5
TALS 182 e
TaLS183 85
TALS 164 i1
TaLS16$ ]
TALS166  1.9%
JalB1ga 175
TALS188 178
TALSITO a9

LED DISPLAYS

HP 3082.TT8Q
MAM T2

MAN T4
FND.JST (359)
FND.300 (503)
FMND-50T (510)
TIL-311 ax?

2 Conyrighl 1984

JDR Microdevices

S00

T4L3173
TALS1T4
T4L51T7S
raLS 11
faLsiny
TatL 8190
TaLS WY
TaL 5192
TALS 1Y
TaLS 194
TALS195
T4L51%6
TaLs97
TaLS 2N
TaL 5240
TALS 244
TaLS242
TALS243
TALEM
TaLS24
TaLB MY
TALSZ4n
TALS24%
T4LS251
TALS23)
TALS25TY
TALEZ50
T4L5259
FTALSZ80
TALS 268
TALS27Y
TALSITS
TaLS27y
Tal.5200
TaLS203
TalS5i90
AL
TaLS2E5
TaL 5290
TALS2H
T4LS3I2Y
TALS324
74L5352
T4LS3RY
TAL5 183
TALSIE4
TALS 165
TALSIAE
FaL5187
FALSMA
TaLSITY
TaL53 T4
TaL5ITS
TALS3IFT?
TaLSITR
TALSITE
TALSI8S
TaL358s
TaL S350
TALS5183
TALSI9S
TAL5199
TALS424
TaL5447
TAL 5490
TALS624
TALSE40
TALS645
TALS 680
TALSE69
TALSATO
T4LESET4
TAL 5682
T4L5842
T4L5604
TAL 5645
TALS6M4
TaLSsl3
L5956
#iLS9s
MLS9T
LS54
2550421 240
25L52508 a4 25

A¥ cC
k) CA

AT
5
5

270", HEX w/LOGIC 4.93

pRERREA RREREREREREERERRERE

TaS114

BYPASS
CAPS

01 UF DISC
100/6.00

01 UF MONOL
100{12.00

-t UF DISC
10018,00

A UF MONOL

INTERFACE
8Tz6 159
729

BT95

8796

8TH7

BT92

OM&131

0P34

054833

058835

DSEL3S

D5esar

D588

CONNECTORS
AS132 Msle 250
AS232 Female 3.25
AS5232 Hoad

INTERSIL
ICLT 106 195
ICLT107 12 %5
ICLTE5D 295
ICLEOAS 3195
ICMTZO074 5.5%%
ICHT200 15.95,

LED LAMPS

JUMBO RED

B ERESREE2RRE RRARSEEREE

745412
14541
745472
Ta5474
745570
745571

- Bk LD

BERER:

e e b - Lt il !
PR RREREERERER 548 KRR

To47T
76488
Te489

BRI e e de BD -

o
[y

EPROM ERASERS
nSPECTHONICS
CORPORATION

Capacity
Timer  Chip

PE-14
PE.14T
PE.2a4T
PL-28ST
PR-125T

RRo2E3E

s
-4
L

[P Y

38hzasc53se

s¥RzIE3RE8

g
:
g

H TO.5 CAN

18 100-up
10 09

JUMBO GREEN Bl s
JUMBO YELLOW 18 .15
LED MOUNTING

HARDWARE

14 o9

LINEAR

9 Lmser
494 NESTO
480 MESM

49 NESO
1.1
375
1,95

»p
]

Y

P e

[ ]
SRR ERRBUSREERE K222

-
-~
- o

CIRCLE 74 ON FREE INFORMATION CARD

C. T+ TO-220
L

VOLTAGE
REGULATORS

i THOST
As THNT
J5 nar
TS THI5T
75 79247

£ 7905K
1.39 792K
138 7915K
1.38 7924K

182 79L0%
8 7Lz
59 79L15

e b LM323K
9.95 UATES 40
895

SOUND CHIPS
395  AY38910
595  AY1.0912
£.95

5S1.263

Intenslly
(uw/Cm'}
5.000
$.000
9.400
1400

il

Rapeakegeiaraxikea

. M MR
RERBAUI

Y. P e
-
L]

223258822383
G 00 = L BN G

-k ks
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K*TO-3

szksceh
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525 B2 2RE

bEFE 1w

ORDER TOLL FREE
800-538-5000

3
O
>

Ca Joaz
Ca 083
CA 1088
CA 308%
CA 3096
CA 3110
Ca J40
ChAltas

1.1%

o
»
ot am
kel el
Zhal2EuGd

SWITCHES

4POSITION
SPOSITION
SPOSITION
TPOSITION
BPOSITION
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TEGHNIGIANS! yp | [ MULTI-CHANNEL

We Have What You Need At e GROWATECSRE
The Prices You Want!

Complete Antenna Systems from *699

Full 800 Mhz Range
Tune 1.9-2.7 Ghz W

Includes all i
ITFS Channels Gor.ogya-

DEALERS WANTED

Cal's and Credil Card

Orders call TOLL FREE

i- 800 247-1151 a%
sn.vea

. 7 | ; 3 STAR“
20MHz DUAL TRACE 3389 95 L | 3 g [; Y
0SCILLOSCOPE Ale STAR Il

Backed By Our 2 Year Warranty g BN ELEGTRONICS
Haigh Oual,irty H::»ok-&rprobes Included R 5644 N, 53rd Avenue - !’
. : Glendale. AZ 85301
TENMAR AGC FUSES i t el lB022207, 1151

DIGITAL STANDARD

MULTIMETER | 1YaxY% YOUR

THE BEST PLACE to BUY, SELL or
HFE TEST TRADE MEW and USED EQUWHENT

0.5" LCD display ] L READER NUTS & YOLTS MAGAZINE s atan
DC input kmpedance | - BOX 1111£ + FACENTIA, €A 12670 (| oo
10M1] . {14} 6307721 mw'ﬁ
$ ; 80 y SERVICE s o T o
[ ] CHE YRAE UL BIRLCAIFTIONS w‘%
{100-up CARD £7.08 - 1rd Claws = $I280 - Iz Clam mm
#72.050 (NOMlxvc‘QTYS' each .@_nuo -uudn-.haﬂ-ozl L
36 PIN PARALLEL PANASONIC 2-4 HOUR
CONNECTOR VIDEG HEAD REPLACES
PANASONIC PART #VEH-0070
H'LMI‘(N! (1.
1 #3g:180 l ECB®/TRIPLERS/MULTIPLIERS
s .95 539_95 MIN S0 PR PER TYPE) ————
F TV D I‘\"ﬂn OUS CORT g Youm
#B3-310 5004, . s 530, Coes  ss7 11?;:;
- 521. 1098 531 .10.45 538, 9.84
JAPANESE SEMICONDUCTORS s o | j g iae By e
D131 192 +MS15158L 249 526A. 7.75 534 10,48 550, .10.05
« BUYS: 299 -STKOO50 395 528. 2.40 535 11.48 556, 11.90
+HAT 249 -4118200NS 138 529, B.90  538A 13.88 557, 11.78 |
{min. 10 pcs.) 564 11.55
n
We AISO HAVE. .., tui ine of: 1est squpment REPLACEMENT FOR ECG® TyPES
cOmputer accassones, elephone accessones. speakers, ;’;‘ ey D TYPE N ., YouR cost
T [ lliTacks, Fuhes, swliches, Keeslam 1024 THAEE 10/ 96 180AP FOUR for 09
capaciiors, resisiors. W‘gg' styli. wice, CATV equipment. 1234, FIVE for .99 177 EIGMT lor .99
:r'\‘doﬂm ‘rnore Ovar 4.500 items AT THE LOWEST PRICES 123AP SIX for .09 195 . FIVE lor .99
SUPER SPECIAL w. BFG.EAGH
: Terms: :;;gmnrlmm gf:'- sc'mosg‘;“m“m’ under $10. g w1 YOUR CORT  Trig WO +OUR COST ) YOUR COST
= Orders stwpped UPS C.O.D, 124. 8% 165 2.2% 3?5 S0
@-: = Mot orders shipred within 24 hours 120. A% 171...... .85 508, 35
- Sales office 0pen B.30um 1o 600pM. Saturdsys 10.00am (o 129. 45 184, .45 S00A . 898
3pm. EST. 130 .80 ;gg.. .48 523_. .9.95

CA Ibl. TOLL FREE MR L o o Bt
1'8 0'543-4330 [MIN. & PC, EACH)

25CHET A . 2,75 HA 3 366W

1.88 STK0029. 3.80
25C1114 . 3.28 HA1377A 290  STKOCSD, 9.99
5 25C1308K . . 1.95 LA4102 . 1.2% TAT2054P | 1.50
(In tho‘ 1 800—?62‘431 5) ANZ14C 1.43 M535158L . 2.9% TAT208P 1.83
- Ty p THE ONLY : AN239A, 4.60 STK433 . 3.85 TAT222AP 1.95
ELECTROMICS Bas32 1.80 STK435 . 3.95 UPC11BIH, 1.28
v PARTS COMPANY i GH3F, B9 STKA43T . 8.25 UPC11B2H. 1.25%
Qo YOU'LL EVER HA1J42A . 2.30 STH439 . B8.50 UPC1185H.... 2.9%
S ELECTRONICS NEED COD ORDERS WELCOME (328 MIN OADER)
T 858 East .:l;;r‘h Crevn -1 For Compiste Component Catslog Call or Write
w 110 HILLSIDE AVENUE, SPRIMNGFIELD, M. J. 07081
o CALL OR WRITE TODAY A TOLL FREE: 800-526-4928
il FOR YOUR EREE 120 PAGE ln N.J.: 201-379-9018
= CATALOGI OVER 4500 ITEMS! & TADE Lot OF PRILIFS O |
? PRICES SUBJECT TOC 1€ Wi NOTICE e DNCATRCH mcrlo- 'linolnssﬁc B 1h ANY WAY WiTH Pl 1P 10O I
CIRCLE 19 ON FREE INFORMATIDN CARD CIRCLE 11 ON FREE INFORMATION CARD

g
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60W+60W O.T.L. AMP

Swerec pre-amp « lone control 4 power amp. AR in on unt, fully
assambiad! Compact i wre. T x4W X2’ Can ba fied intn
mos| cabuwts. Power panaistons uting 2501667 X 410 give 8
max oupnd of 60W » SOW (BLHH
+ Froquancy responas 20HE -~ BSKH —108) - Toll harmonic
datocbon B.OT% [1K0H2) * Sigrai Novse Rato. 55 9B (apen kop)
Tone covirgl. 100 Hz = 16 08 10 Kz * 149B « Dynams: (angs: 60
OB « Pows: Supply; 48V - 7OV 5 Amp, « Fl-rcwmnﬂ
75V Of boner.

WODEL: SA-4520
Aypembieg Model .. ... .. 13595
Transforma: (Optional). . . $22.50
Fitiar Capacitor 4 700uF 75

(Optional) .. -........ B6.50 ea.

MAGNETIC HEAD EQUALIZER

* Standend RUAA curve 1or 41t Kinds of magnatc heads « 3 alages
crosacver AN 108 hay! ety - leu-msudlo
B stabls without any oecilation - POser Supply 24 V.D.C

MODEL: MA.142

& pinecom” 64K STARTER
SYSTEM

wilh, BK Compurisr Unh
. (nzpandebls to 182K}
¥ Green Monilor

% REDUCED PRICE %

LOW T...M. TRANSISTORS
100w + 100w
* Emplo Hilachs low nowe LG 0r pre-2me < Wi oulgnl 18 ¥
PP {nan ddoron] - Wen he-low e, and one defeat crpu -
Paar powsr Brog wilh shon Croul protecton = Guaant heal wok o
EENTIT fadults - Tone -u«s Al comg (et

STEREQ MICRPHONE AND
ECHO MIXER FOR
STEREQ AMPLIFIER SYSTEM
The Creodry empioys all IMegiated couits, BBD type &0

oHCut, oche b can B aciusted {man 30 Muec | Also with &
miCTOphone Prdmp on the board. Fully assembied,

MOCEL: MX205

| Auto Caerrber Joyathok
U% Doubls Danaity
Ousatios’
1 'SOFTAPPLE" Sofrwers
t ‘Krow Your APPR' Softwars

for all thess goodes, mmm ngm
Computer Linit andy.

pots for volumae. &l Song } the
QUBlTy W o arteed. - Power SUDDRY DC::&.WW

MOOEL: 5A802C
-5T8.00
Tr.lnl!umm {Optional), . $22 50

Fllur Capacitor 4700.F T5Y
(Optional)........... $8.50 ¢a_

100 WATTS

CLASS A
POWER AMP
KIT

$49.50

Cynamic Bas Class "A" chicLil desion makes the und wicass in
iz class Crystal clens, 100 watls powet oulpud wnll sadvity By
most gy W A DRrRECT SOMBIUALIoN with the TA- 1020 low TiM
sioran pre-Amp

- Outgadt power 100v RMS inio M. 125W AMS
iy 40 * Fraquency responss 10HE.100KHE - THD wss than
0.01% * SN (4o botier than S0DB » Inpul sensdty 1% max -
Power supply =40V &t SA

Powsr Tranaformer {Optional]. . 52400

20 STEPS LED TRI COLOR
LEVEL INDICATOR KIT

Thes Marwe 300080 Wrvel IneBCator ki conaists of 40 3-cokor LED'S ip
indicale sound Wrve! SUERA of youUr ampifier rom ~ 57d6 ko 03B
Comes with BN atrBctve BB Screen printed panel. Has solecior
switch o aliow Aoatng or gradus cutput indiesling. KOt nciuces.
ull parts. Front panel s [ows supply

AR R AR IR YR L

s

MODEL:TY-45 .........

NOW WITH ON-BOARD
LED LEVEL DISPLAY

i SPECIAL &
Exceilent Prical
Model D01-0034
$29.50 per Kit
Transtormes

$10.50 oa.

TA-X22 30 wATTS TOTAL
15W & 13W STERED aMP KIT
Thoy I o soied siaie 8l tarmiesior Cvcurdny with on board Starec
Ply-2mg e sl Mecrophons of phond nput  Power output
smploys [ vy ity Powsr Hybrd IC. Four budt on Bosrd
contron for, wolame, balance, ineble 4nd Bass Powsr Supply
requeres ARYVCT 3 8A ransiormer. THD of iwss than .1% be=
::e;['l;ntz ADKHE ar full powes, |15 Watts + Tswmlnnq
1

0—15v 2 AMP VARIBLE
DC POWER SUPPLY KIT

All 200 state CHEury wilh high efiCHncy powar Lransdor
250388 and IC voltage reguiaion MC 1 TEL Output vidtage can b
nokuated o O 18V al 2A currom irvaipd. tnemal reustance W
lrss than O.0DS(L ipphe & nosa lose Than 1mY, dual on pans|
Mty hor YORBOE and curonl radding aiso wnth on boars LED
and audible over load ndicaiorn. ¥ comed with prg-cnled PC
Board. suglructions. 1 NCAsSiry Bhactnone: COMPONSnts, irans-
Hormae v B prolessaona ooking metal cabinel. The bes! proyect
fon schonl and the most useful nstromant #r repasrmen  Buvkd

one lodayl

MODEL. TR 100
$59.50 en.

LOW TIM
DC STEREO PRE-AMP KIT TA-1020

NCOrpor sttt arvd.ogre DC design Mal greos B frequency -
2ponso Irom 0-900KHz = 0SB Adced fealies kke tone delsal
S ol conieol Y yOu s yur own frequeny suppies 1o
whrrarabe powes Ruckustonsd

Spwchcacry & THOTIM waa than 005% ¢ Fraguency re.
sporvse DC 10 100KH2 0,508 ¢ ALAA devigtion =0.200 » SN
fawn et han 7008 ¢ Semplvity: Phone 2my ATRIL, Aux
100my 100001 = Chalpad bevwi 1.3V # Ma: oulpad 15V # Tone
COninole; Basy 5 10cH & S0ME. Trable = 1008 Is 15H s Power
upply * 24¥0C N 0,54 M comes wilh reguisted power Supply.
AN yons raeid 13 8 ABVCT pansiormer @ DUSA

ol
Oniy $44.50 W

Tren¥ormar

.50 oa

INFRA-RED BEAM
REMQTE CONTROL SWITCH KIT

Thue Infrared Control switch
can b used I conto! appl-
AnCas onvolt up iy SO0 warts
Has eftectrve control up 10 30 ML N antenna Peeced. Kt Somes
with trangmifler and recena unil, case and all camponenty
Easy 19 build!
MODEL TE-41 KIT.

IBM PC/XT COMPATIBLES
and Full Line of Peripherais
and Accesories
Please Call

PC/XT COMPATIBLE
Bare PC Board

For Gutsise US A Purchases. Order Duect trom Oy Hong Kong Office.

PINEAPPLE COMPUTER PRODUCTS (M) LTD..

L+%% Pynirmuda Centre, Moy R Esst, Taim She Tew Esst. Kowloon, Hong Kong

FORMULA INTERNATIONAL INC.

Bivd, Dept B. Hsthoone A Q0230
Faor intormanon {2130 9731921 & Graers Uniy {ouiside Cait ] (800) 672-8758

126003 Cranat

regratered rme M Cf B3N
P Ppiaaiietl il ek i Djitsl Rawsarch

Telex, 50026 LTCAL HX.

MU O

&

M 2 18.08. CA Foleds sl & ¥ boms Tis
Prors orders acrepis

SHIPPING AND NAMDLING CHARGES Sat.

i ~ DP-64E
éplnecom THE B%NESS

VERSION OF
AN APPLE

FIATURES

Cual Provemers ot Mo Dol Appin and

cru Peogenee
i On hepry Shomary | rpaadeii iy 10
Ao Cotoma Doplsy wibell Bulinh
Dusl SR Sint Oveeer Botl I
Dalsches Lophnard o Spmety Coypsd
At Rertet mh brory Koy dind Corpar Contrul

APPLE N+ COMPATMELE!

*1099™

Withowt D4ek Drives
nad B Comuma Card

399%™

APPLE COMPATIBLE
xon on canes® GOMPUTER PRODUCTS

AUTOTERN 80 Codumn Card wiShmwiich ,

8 COLUMN CARD [Vide Compaabie) .
SCOFTSWITCH for 30 Column Cavd

IO CARD [CP MY

18K RAM CARD o Cabie (Langusge Cand) .

16K RAM CARD (Language Cand) Cabtiens .
PARALLEL PRIMTER CARD (Livwwarial)
GRAPHIC PAMNTER CARD Suppors Mowl Prinien
PRAINTEAFACE CAAD (Pracacet Penpheral] .
SERIAL INTERFACE CARD (RS-202 Can) .
SUPER SERLAL INTERFACE CARD |

DISK CONTROLLER CARD ..

DISK CONTROLLER CARD 3233 Auln Select .
EPROM WRITER CARD (ZT16 2722784 .
128K RAM CARD .

TIL KC TESTER CARD (908 Praywery Urorecrrs TTL '."-"!I
RGEB COLOR INTERFACE CARD .

PAL SYSTEM TV INTEAFACE CARD .

R.E MODULATOR (NTSC Channal 3 & 4],
COPY CAND (Wikdcerd Compatible) .

6400 INTERFACE CaRD

DISK DAIYES

SUPER B SLIM [TEAC Drrve)Fed Labe?i{40 Track). .. $225.00
SUPER 5 SLIM [ALPS Omve) (Green Label). .
AUSUKA SUIM (w Opio SensorHBhue Labw) .
pSCl FULL HEIGHT A-2 Drnew (Shugan) .
PINECOM SUPER ORIVE (Full Howght S—w)
MONITORS

FORMULA B Sty 12 Gesan, Hi Rascifon,
EA 127 Gren, Hi-Raciuion

EA 12" Ambar, Hi-Resciuion .

AMDEK vIDEO 300 12 Chwant, n—w
AMDEK YIDEO 3004 127 Ambupr, M- Rasoiubon |
AMDE¥, COLOR | 13° Calor

GORILLA 12" Grasn, He Resouton . .

OTHER PRODUCTS
TILTAHLE MOMITOR STAMD [lor 1217 Montors)
DISKETTE HOLEPUNCH {Corw Oaa 10 Double Side) .
DISKETTE BOX wiaylock (Holde 100 Bv,;' Disiss
POWER 3TRIPE wr Surgl Surpresser i swiich, & Outiew,
APPLE FAN wiuge Surpresscr & Swiich. 2 Ouliets
HEAYY DUTY JOTBTICK wiAuls Cacmie s Fart Trim
GENERIC BRAND DrSKETTES 5800 (Bor of 10} .
1 DISKETTES 3800 1Boa of 10
SENTINEL DNSKETTES u.nn (nmd 104

E ji]

STORE HOUHS
Mon -Fri 108m-7pm

o0 VELA o Magaprcar) ey o COO' S

10am-6p:m
PLEASE MOTED A 19 a9

N 450 050
Lt ]
e, o
15% s
I A

O 380 (00
Pure s

CIRCLE 76 ON FREE INFORMATION CARD
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74L.S00 ' 74500

. : . 14300 31 Te) 1.90
T4L800 23 Hm / ¥ ) : 4802 34 Tamse im
148801 24 MU ] I n 14303 b T THTT] 3.90
141302 24 THLNTE - ; j 14304 R TR FTT L] M
41303 24 TN f \ { 14805 TS T
COMPUTER TaL804 23 nsn ¥ T4s00 TR FTT 1] 340
PRODUCTS. 741508 24 TALEIGG 14300 M s 290
o o 21 s : . 12 LI TR 1T 1.00
141309 28 T . : ; T4 TR TE AT T (K]
ORDER TOLL FREE 4810 24 TLOTE3 X ) ] T3k 34 TaE104 1.44
1L 4 LK 3 : 4 74820 A4 TSNS 1.44
TaLdte A1 T4LBI9 : 14822 3 e 1.44
741813 44 T4LB16B ; 74830 M e 144
14814 5 L . , . 3 74832 29 7400 890
LTS A s . ] T4837 AT s 7480
- T4LI20 24 TURD . f Tas3l M Tasnae 15
T4L8L1 28 74LR21 ] 74340 R TI T TV I8
Tl 2 e - ; 14351 M s )8
{CAUFORNIA RESIDENTS | L W L : IR e TINYTARS | Ly
T4L827 28 LR : ; } 74355 I a8 M
a u u T4LaL 34 TLs2s . TasH 49 Tasaet M
LI 24 TaLs4g . T4505 L0 Tas250 94
741532 28 L2 ; , ; 74308 A0 743280 bl
a 4 a a u ﬂ 8 T3 S0 TaLsa - : BT A0 TasEne 19.90
T4L837 34 aifs) | 1 : 148113 49 74878 19.90
T30 d4 - TaLne : 4 7414 B4 a5200 198
TALSAD 24 T4LR267 : Ta8NEe 270 74207 W11
TaLBA2 FT 11T ; - T48I3E 120 Tas206 LAk
TiL341 J4 TLs26E J 3 18I PR 1T 884
:::::: ;: ::::;:: . | TasI A0 Tas30l b80
. 3 J i I 145135 R TTo 1L 240
STATIC RAMS. 41861 24 a2 ] , i | 745102 MM 240
TALES4 28 7auTE . . f 148199 A4 N 790
268 1 4 [450ml 1M T4LERS 20 ML Tast40 54 T4sI07 1.00
1T bl imel 1M T8 120 T4eslen : 748151 CTRE FT AT 193
1614 5 1 [400ed s Mlun o owmne ' ; :
1824 5 1 Nisoie i » an | L 748152 TR FTTH 450
1014 1 1 [250mi RA 144 TiLIT4 34 LR i 145187 N TR FTTES 5
Hgh] T QT3 8 nue : : _' : SIS M TasaTa 490
1024 1 4 [ikbeni » Qi 74378 A8 LIS . - ) 745181 190 743402 15.20
1024 7 4 (250l 118 T4LETS Al LR i - 743182 190 748570 290
1024: 4 S 4 | nun 59 4S99 . 8000
HHE L i UL 68 L : ‘

£z

16241
4098 ¢ 1 [S6ual
89 11 150
4004 ¢ 1 [300w]
4098 £ 1 290w
1024 1 0 [250n
T84 ¢ & 1290m)
THMEAIE-10  2B4d 2 4 [150m]
THMINIE-IM 7043 1 8 [100mi

TS 38 TaLS3 . ; 85 ... B0
U B TaLIdse . W8 ... 840
TSN e TaLsiss. \ INS-3080 ... 1805
U B4 TALIED _ INS-8073 ... 4RSS
MU B laLsasd . : 0§ . )
S T4 UK : : 5085 ... 5.90

4 UME M TaLs3se ; ' ' 000542 . 1095
WEANIIE 2040 1 0 (Tobe) (vow] M T8N : ; : : BAS ... 2085
v B WU 0 T4LS38 8087 ... 13000
u:ng«l Eﬂ:'ilf:ﬂi“"’m - Ngl:; 3 mu:: i 1] I, .85
BRALIBLM-) 1 o TaLsl 30 T4lE3
P i1 et et siot il TABIE 30 taan

AMeraar1s N8z ol [1h0s kel T T2z 44 T4L53T0
NMEZBALMIS BT822 8 [190m] kweal an 7408122 0 Talssme

sEEEER

Beazis

P = Low fymr $cwl = Bessi-Buaee T 288 T4LMNS
TALNIES a0 T4LBNSE
DYNAMIC RAMS 10 TF R T TV T
T2 S TN H
i dd n;:l-l TAI 50 T4LBNNS 2
T 0l ,
ol TASLIE  TALSIM - .
TR T Ty L] | T4Ls4 M4 0.95
lmr £l Eu-a T4LEIA8 B4 T4LIWT 8.85 44 MK
] : ELTETT T B TR 713 TTT] 448 e
H ] o W rasees  as naien 3090 G gty
:::?:'Hi:ﬂm TALBIAT R4S T4LEBAD .. 4,48 = e
£ TALEIA0 130 T4LBE4S =520 oy
Lol e G s s s AT T
= Bagw § YoN Sapy T4LENBY 84 TaEEm . 085 AL
TLSISE 185 T4LeTO o382 mawen
EPROMS RIS M T4l  laniog
M1 = u.l TaLsIs8 B0 t4L3E82 k zg.gg 6.0 MKI
1884 Shmi IM BN TanL%T B4 ey s B . 60 ... 0N W gazg 5
i R 08 e
1884 2 0 (4kbw) (5 Y] NCET I s £ '
2044 & 0 145 0us] (be) TdLELE0 80 THmaes s @ T sres B a283 DU QrASIRg A H
1043 £ 4 (30w 134 L8 BN Tatsi®) B4 T4LESES B84 ..... 14l05 F5ISRESANTE L
2a4d 1 0 (440w 159 7413102 B T4U8BN9 ni g 18 87868 ...... 645
2048 ¢ § Hikbus] : 8287 ......68.4% nLoe
4w|':4=l-:|lﬂ T4L3163 B4 T4LETDY : :m e 2400 1S
4 4 ha) (3 ; = s 4&.95 o
i e i WARIRE
Hgi:usumq i LBI6E 150 g1i80? : e |"TEHF"':E CHIPS
(28 bau] 159 T4 : STL39N g 3 T20.. el LB TR il
- JBISN 170 2sLeZEE y i o ., (CTRT T 1E | I 240
MEMTH im.lmumu 124 pul lljs TaLs11d . 151526510 3 Wi, [ 111 T M orEd04 tH
m 15344 g 0 cat R [ 11 | PO 40 o3y . 184
h.“"'“l-ﬂl L 11 | A M opaeae ., . “_
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DISC CONTROLLERS

1 ... 1405 27197 ... W9
L 205 S04 ... 3005
1762 ...... 1585 0272 ...... 3088
1795 .. ... 4895  UPDTEN ... 3098
1701 AL05  MOORTR.. . 2045
2791 L TRES  MOANTT .. 1A
P31 A 7088 Y691 ... 168§%
2Mes . BASE 24y L. .05
CRYSTALS
10000 mMz. ... 2480 00000 MMz... 280
18432 002....080 10.0000 Wkx... 289
R
Toeas ) ... 28
LASTR Wz 289 a3102 WMz, .. 280
T T
00 WM ...
*‘;“g :gﬂ' 174300 WNz .. 240
}n':n m----u; 140000 War ... 289
o i TP TR T
TR LTINS T L i -
...
T I AL L
ST143 Mn:. . 281 JR0000 WM.z

160000 MK:.. . 260

Bieeo mui S 105000 mu: . 2en
04000 MRz .ty 0B MK .29
65598 mur.. .. N0 400900 WM. .. 298

LT NHL . 18
CRYSTAL CLOCK GSCILUTDRS'

PART b FREQUENCY MUCE
1.000 1.0000 MHx 9.95
1.843 1.8432 MHz 9.95
2.000 2.0000 MHz 9.95
4,000 4.0000 MHz .95
8.000 8.0000 MHz 9.95
10.000 10.0000 MMz .05
18.000 18.0000 MHz 9.95
168.432 18.4320 MHz 9.85
19880 19,6808 MHZ .05
20.000 200000 MHz 2.85
32.000 32.0000 MHIX 9.05
VOLTAGE REGULATORS
ST, JUOT0057........ M
TOMOSC . ... M OTRONT........ M
mg ...... ;: ma....... M
Y. . me........ M
... .. R Ty S :4
r........ I 908k L4
80K 1M s
! [LIE LI 144
... 1

THEKL. ... ... (KT]
TOISK. ... 1M

K. 144
702K, 1.3
s, Mmoo n
HTU S I miz. b |
wmus.......o TS,
TOHOSK .. ... 5§  LMIZIK ... 490
WHIZK 050 UATESAD..... 140

C,T=T0-220K =T0-3
L=TO-92

DIF SWITCHES

BUPOSITION & &ioni costaamons .B4
SAPOBITION & 5 wnk s om0 .8g
SIPOSITIONS . .. L5 5 s .88
TAPOBITION . vir w3 e aim mniy 54 .94
B POSITION 5: 252 4 saman varias B
IC SOCKETS
1 to 8%
Dpe8Y... .. a2 Braww .. .. %
TdpnsY .. ... 14 14 yin WH ]
I0pedT.. ... A 16 WwW . . BB
[1 N 7% § . 13 LI TR | N |
T, ... 2 Waww . 10
gy, % LewWw . 1M
tape gY . 20 Mpeww... 14
Y. 3% Haeww .. 1M
19937 ..... Al wHeww ... 19¢

8T = Saidertail WW = Wirewrap

ZIF SOCKETS

AR ZNE . G e n s e 5.90
BIDINPZIELS" SR s 7.80
P Gl P A e T e e 8.80

ZIF = TEXTOOL {Zemo Inaartion Farce)

1984

— THE IC MASTER
Your ticket to fast and
easy IC selections

\eatse
IBM Expansion KIT
Upgrade Chlips
4164 200ns 9 @ 5.45 ea.

micromax

VIEWMAX-80 499

. ® 80 Column card for Apple 14+

& Video Soft Switch
® |nverse Video
® 2 Year Warranty

VIEWMAX-80e 12995

& 80 Column card for Apple IIE
& 64K RAM expandableto 128K

84K RAM Upgrade #43.%0

QUV-T8/1
EPROM Eraser

QUV-TB/1 Economy Model:

Low cost EPROM eraser nplastic en-
closure. The UV eiement is In the lid
and you place the EPROMS In the bot-
tom haf. Ho bmer OF awitch Option.

® Ervsar wp W B EPRDES I 16 - 20 miantns.
& 12,000 uWetta 31 1" digtance.
@ 90-DeY Warranty 49 as5

The FLIP SORT"

The new Flip Sort™ has all the fine
qualities of the original with some
added benefita: a new design
and S0% greater capacity. Holds
75 diskettes and the price is now

lower than ever— 31 6.95

A

ATHANA BULK S5t

DISKETTES
{HO LABEL)
$8/D0 ... 18.90  §8/D0...10/14.80
0S/D0 ... 2280 1008y — GALL

APPLE ACCESSORIES

BO Column Appte I+ ... 149.85
BO Column Appie IIE ... 129.95
ZBO Apple 11+

280 Apple IIE

1 BK T . daann
Cooling Fen

Pawer SuPPly ........

$5/80.... 1590

RF Modulstor .
Disk Drive
Controller Card .

APPLE COMPATIBLE
DISK DRIVE

X

199."

& Shugart mechanam. made in U.SA

* Cractly repimces Apphe Dk |

» Fulty compatibie with Aople Controller
or other Apple compatitle controlers

* One Yoo Warranty

CONTROLLER CARD... 59.95

COOLING FAN

3g.98
|Il"
U T

APPLE COMPATIBLE
POWER SUPPLY

149

LN
—

& Powers Apple type aystems

a4+5V @ 5A +12V @ 3A
=5V @ .5A —12V @ .54

% Inclydes Instructions

The Flip Sort PLUS™

The new Flip Sort PLUS™ adds
new dimensions to storage. s
smoked acrylic elegance holds
over 100 diskettes with all the
teatures you expect from the Flip

RY LI 28195

WWWwW americanradiohistorv comm

18K RAM Card - Apple 11+

& 2-Yaar Wemrenty

ezt |

Assembled & Taslad .... 3995
For the APPLE HOBBIEST
DoKay KITS:

16K RAM card

80ColumnCardll+... 89:95

Printer Card 3
80ColumnCard lIE ...589.95

' KEYBOARD (99/4)
48 keys 2:’_)(10" 6.95

Reg. Power Supply
Model 4A/PS (99/4)
3 DC Qutputs:

12V.@ .4A, +5V @ 1.14
—5V @ .2A Highly Flitered

FOr srmaing and handing. inchuce
52 50 tor LIPS ground or $3 50 for
UPS Bwe (ark For each addihonal
ay pound, add $1 for UPS Blue
shipping and handiing Cakfomia
residents must mclude 8% sales
tax; Bay area and LA ressgents ine
clude 8¥% sales tan Prces are
submect o change without nohce.
We are not responasle for ypo-
graphecal amos. We resene the
right 10 mif quantities and 10 sub-
shiute mamdacturers All merchan:
56 Subect o price dale

CALL lor VOLUME Quotes

HUURS: Mon. - Fn 7.30 10 500
Salurdays 10°00 to 300

VISIT OUR RETAIL STORE

2100 De La Cruz Bivd,
Santa Clara, CA 95050
{408} 988-0697

ALL MERCHANDISE 18
100% GUARANTEED
plex: 756440 |
DoKa
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Commodore

RS232 ADAPTER FOR
VIC-20 AND COMMODORE 64

© & ©

The JEZI2CH slows connmction Of standand sl AS212
prirmers., rodem i, S 10 po VIC. 20 and C.84. & 4-pole
mmmm-uimmm
plats and nchubed

- Plupe 1nko Liser Por + Provades Standend RE232 30ne
vty + Usn § sagrusia (Tranenkt, Racans, Chsar i) Sand,
Parcrutesd 1 Senc. Dbl Termaral Pusachy Dita Set Faacly).

JE232CM . .$39.95

ProModem 1200

PROMET

§e

VOICE SYNTHESIZER
FOR APPLE AND COMMODORE

JES2DAP

JESZOUM

reaul I a0 SNreMely claar, naturs ocalization
et [ ]
JES20CM  For Commodirs 84 & 1C-2H | EANCR 1]

JESZOAP  For npon M. e ond 110 .3149.9%

B

Intelligent 300/1200 Baud
Telephone Modem with
Real Time Clock/Calendar

xR

HEUS

Tret Prodiicode™ i s Bl 2524 {300/ 1200 busd] brigl-
oonl sand.alone modem - Full atured 1apendsble
moden + Slanderd eeheren hchm M Antwesi and

Fiberoptics

NEw! The EDU-LINK Learning Kit

> Thp EDU-LINK Abac 0DEC gysimm

s & owecoml, TTL oompaiibie dats
T- URnemMAmon tyRem dengned
BOe Ay (i a0 shocabona 00

[
I - Shomn w

Mrtsumi S4-Kay Unencoded
Matrix AH.PurDDu Keyboard

yuund &

PAANSARARE | L ok uw.niuuw--um 5%" APPLE™
+ i Gwycpa. gy WL 1 L * Puoud it Durect Plug-in
KBSA . ik s, . . $14.95

oF shuchieots a0 SRQESRErE. work-
el i many cdllerery PcuBiriee
Inchuie: vynumin PCR, & ro-
omrver PO one mater o Dlaatic
oot Mt and & NECEESArY
iacirio Pardemrs - Comphats BIRp-Dy- Sag iruchont.
Hacry of operaton, e hattrt ”e

ELK-1.....ONLY $19.95
APPLE ACCESSORIES

Compalible Disk Drive

TE- Ky Serlal ASCH Keyboard

and Controller Card
The ADD.514 Digk Orewe u
1 Ik I :;

MM LabWedv' H

+ FLID e Sagings + Racwrly wxh + N-iagy o
it + Aunrmab vy rapel bercion + Color, (casel

~Wieght & B *Duin okl
KB138.

¥ ML
A Cuacr Saryiued - 10 i cerbralie beyw . 307
It cotie wlffs B - seraphary CORFSCIGH

iy aBlark Gl - h_mﬂhl

$59.95 I

s L
mﬂrnw e e | lormm-d dimoiags + 35 trachs
o - Colx Dya) tan 7%y - Duim inal & ADDia Control-
KBTe N S oy o szs.ss] WU, {55 oot The at
S-RFLa BN Wa IWH GaOmHEh oompm with Conmecion and callele — rust phg
Nationely Known a-ena-n Wi"‘."{ card - Siem 81 3 InW x
106-KEY 8-BIT SERIAL ASCII
Manwtactvrarf KEYBOARD | ADD-514 (Disk Drive}........ ... 518595
* T sermenais wase deagnad 1o be dersy cnawa | MCC<1 (Controller Card). .. ... $ 5805 -

Ao Avalisble...

JEBGAL (8O Col + G4K RAM Ir BB , . ... $124.95
JEB1# vumencidua Keypsd e el ... . . . $89.95
FOS1APC (Apoie Compal Wt Drive). . . . $209.95

Qnm:rmu Profect }bumk
DATASHIELD"

: | nawl

e e

B88-Key Keybosrd with Humeric
Kaypad for Appie B end |1+
+ Plug iy i Accie I o 1. mmua-u

Wl H

TECHNOLOGY, INC.

SVDC @ 1 AMP Aregutatod Power Supply

Ot « SVOC @ 1.0 2mp i + IVDC reguisime!]  inpnd H1SVAG 80 M2
J-conducior Black

* Tmo-tone {biech/tewge) sel-encioesd ca - B fool,
Eowr Cond - Sare L E T Wk 20T H - M 1 e

PS51194. 51495

Su e Protoctor

DATASHIELD®
Back-Up
Power Source

JESS4 EPROM PROGRAMMER
8K to BAK EPROMS — 24 & 28 Pin Pachages
Couplotnly Lol Donininil — Byt 3+ Liuigaed Bien f perion
*Progriing o7t pudaims (PROMS - Chachy Hr CPit arpees OPROMY

w-..nu
Ty el - _“mum mtmhw
m C‘wm '_'m hmu-uv-|w

F3 Mo e i
-ﬂlmm.mm [ R AN LL- TRV B
e
hl‘\-
L

Poweer/Mate Corp. REGULATED POWER SUPPLY

gt 108-$29/710-250 VAG ot ¢ 753 Ha - Ling saguiniien; £ 0 044, - Thvea

Mo griacny - CvarsOlage Crotecion - UL moconiing - C3A ceriled
el Prs

2k $29.0%
SNLeadWeIWH dbwn 53995

Feniim -
EMAS/88  sv@IAtv@lEA av LW e IwH
EMASASC  BYantvasa

Dol whan PN haw & bisck dul
& woltncm g + 00 wmty * S
e ity - T
Model 200 (PC200). . ........... $349.95

IBM MEMGRY EXPANSION KIT

B\‘DC.?..II.II'WC.‘I-' m

KEPCO/TDK 4 SWTTCHINGPOWERSUMY
muﬂmm CRT lsrmmal, mkrocom|
11522 BONROMT - Oulpul 4“.!&,0‘1\!!
un?omrﬂzw 12 0% Amp WL
Wl z -3 IWa 1wH - W?K

MAMTTAKF. ol . e e B

POWER PAC INC. REGULATED POWER SUPPLY

« Pariacd hor Commpurie IyIlrn Q?t.
+IVOC 8 2 Ampa -1290C 80 o\nﬂohmlknm
vokaQe prosacion - ‘a 1L xé iy x H - il - Spwc

COMPAC COMPATIBILITY

SAVE HUNDREDS OF $55 BY UPGRADING
MEMORY BOARDS YOURSELF!

Seni ol B PO mpmary boandn slem P b el an sdibibenal
A, 1, HE, o IV Tig AN KN i pagutinis Buna boarda
10 g iyt e, Tig WA o Sl b il o [ e B
i AR £ I B pieriiied ket e A el el
o rtabas (Spliany wm inplmbel.

.$49.95

IBMEAK (Nine 2000z 64K RAMS) . . .
TRS-80 MEMORY EXPANSION KIT

TRES-80 to 18K, 32K, or 43K
*Hedil 1 = From 4K o 16K Aequiran |1) Oma KK
Wi o From B b 4K Require; (1) Thres KBy
- From & i 16K Aequkas (1) Oma KR
et 1 oot putts Bt S0 o b i Tom O Bl

Towr fisia

I — BRI NTIRFACY IPTEN — The NI it Ol i
W b B LT R ma—umn—ﬂm:
&

L4 & gl

Do B g
LT et S Bt 1 ey ol e 3 iy
PO A LANTED TIME A llim g OF aamum WRITTEN N gage; FOR
THE TR0 wnn. | LDVIL Lt 1
JWARSu-Nv-h 3119500
aasmiomd 4 Taslod din3an SoH 4

‘vCHANNE'L SW'ITCMING POWER SUPPLY
A7y -

anp-clhan n-uow:. +SvDas B S,
!Mllknm TA, A ZV0C B 1 A& « iy rapulmina 1) 4, ¢
0¥ p-p - . & 1% - Owmrcurmen + Al OV mainy
ulpeal - lh E ) 1R WAt 18- T b
.............. sune e S69.95 sach

= W O gl B ik B Capmaam —
TAS. 1813 ~ 100as tor Color & Modai 11l . $11.0
TRY-16E4 “ 2508 Toc Mocsl | N

M g
Enwy 10 st s comen COMpbr ws I ek 4184-2 {2000 E4K
v R el ¢ oot S0 OCUMIRRTY TRS-M
1w D E ET F asd NG coounlt béurdn lo 39

Switching Power Supply for APPLE 1, (14 & fe™
« Can drive dour BOREY dial drress and VB o S0 RXDENSION Cardy

At corvaprty THS- 80 color computie I in 4K Flea 005 or G3-§
rcpated fn ubiee bl EAK FLAM on all ST
TRA-B4K2.

mm.mwm&mmw .......... - e
Fully rguianed +5v @ e Ly ] v @ BA
ﬁm%&”n&wm” oA gt Tt Uvy. EPROM Eraser

mmmn-hmmm;_“u & Chips _ 51
e e Ly tmwmm_us Funds Only Sp-c.%mn_nuch
- x g+ A o plul u.?o lnm:n.:- ?:?:‘:m JAvE o c TALOG
SELme T e bR S e Maninir Saies Fiyert e i Seret
I T e e m;
- W eemiis T gy A
s e am
Tk e T eme e LECTRONICS
A ey ™ L [T
= D — = 1355 SHOREWAY ROAD, BELMONT. CA 94002 DE-4 uv.errom Eraser ..
e ness ¥ rn lape PHONE ORDERS WELCOME — (415) 502-8097 Telex: 176043

[+

g M 0 L, Compiety wilh buabiling roy oy Shige

579.95

UVS-11EL RePlucement Bulb | $1895
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RAD!C-ELECTRONICS

-t
-

m micro-processing with the new ‘
MICRO-PROFESSOR 1P

Smdcnu, engineers or technicians—
;i:ade your micro-processing skills
with the new Micro-Professor 1P.

The MPE-1P features:

* extensive software support

* more built-Ity memory

¢ improved keyboard

¢ larger display
Three tutorial guides help cover all
capabilities. The deal training tool! '
[ MPE-IP will deliver you into the growing |

world o -processing. Invest now!
Plus—FREE GIFT  ©onlv $179.95
O Chech thn box for FREE

Z-80 Micropeoc spaor

Programming and

laleria<sng ienibook when i
you order within 7 dayv. Jiept. REDDS
$12.95 value. 14803 N.E. 4xh

Fedmond, WA 98052
For immediate action call TQLL FREE:

1-800-426-1044

STATE OF THE ART KITS

HAL T304 MHE AMATEUR DOWN CONYERTERS
AR RAMOT 1RO D

TN DR M KT nim
MWW"“I_HMIMIM
T4 OB, o]
MMHNMM'!-HM!M.M
I 0L #3 AFT
nmmnnmmm-mﬂwmumum
POWRR purh 1168
FOR 'ﬂm CHMP, ITE PTH ALL PANTS LTSS Cal
FOWER PAPLY CAM Mo
BLACS PLARTIC CAME . LnDow, LTD
OO TR Panacl FTON ANTERSA (L]
PERFECT POR Tonl 200 W00 2 4 34 DR Col P AT i
WAL AL T GHIT $TAGE FAR AMR wrh e
mcoln‘ll‘l'll M!Oml
ORI 2 Dl WO il A Bk
AT MEAITHON PRTIR
PRE AMP TRANMITON EX

il ]
ERCHARGE TRARrgTON Y 2 WATH HIC pabe

DON'T
BLAME THE
SOFTWARE!

Our lsolators eliminate equipment
interaction. elran up interference.
eurh damaging power line spikes
and
lightning
bursts.

Full money back gusrantee. "vga [-—-_-u-q i

" CIRCLE 3% ON FREE INFORMATION CARD

LLOTITE ARRAY ARTEMNA
45 O GAcy LISE WITH 2304 MOT 1 0T, MO CASE RECRLARIC
2100-2500 MHI
AW TOMPLITE yaart
COMPLETE Tryiil Al BhCwn WO' &
RIT meCLUOEE & FIRE ARLE I O AT
mn COMWvLrtLR, Dihn POWTE BUPF
Y. CABLEY AmD COWNICTORE 1LSM 0

Lll‘l' OFFLA 1 DB i Of QREATER
WY el &Y Ll
ory halall on 1M M

= aan LA ur_mnrl ARCArEAN

PG B PROO 1.
Lok 10441 N0 SOMNTIN MEADAD AL 174500 € PAOL

ISO-1 ISOLATOR
3 isolated sochets; quality apike
suppresion: hasie proteclion. . $81.95

“ nunwumnuwuum

PREAMPLIFIERS 180-3 SUPER-ISOLATOR
WOEGING 2300 T 11 DB BT Amp 1ENTED 3 dual isolated eockets; suppressorn
P e SRR S AT commercial protection. . ... . 812295
“mnmum DADIPEL Crel i I WL I BHeRRLD l&)ﬂl? N‘AGNUM ISOLATOR

4 quid inolated socketn; suppressor:
Inboratoey grade protection. . $213.95

WWCMALAN ABOENTS 000 4% RALEE TAL LENG 30 $TAMF DA
RALE POA PR FLYER

EYE GITR O L SO n1 ks
P g
FiShAC T i AT WAy G a

7. Elactronic Speclalists, ine.
1715 Main. Natick. Ma 01760 {817)855-1532

Tol Frem Order Deak 1-000-225-4878
MasterCard. VISA, Arnerican Exprass

MAL. TROMIX, INC.
Po BOX 1101 - DEPT_R
SOUTHIATE, BNCH. 4194

PHOMNE (313 2831702

CIRCLE 75 ON FREE INFORMATIDN CARD CIRCLE & ON FREE INFORMATION CARD

HITACHI 3500 soomracurcssB | 36

ALLEN SQUARE

UP TO 257 OFF

o (Ko VWRE  GLOSAL HICROR
W

HAND HELD METERS

FROM THE LEADING MANUFACTURERS OF TEST EOUIPMENT

PLUS SPECIAL DISCOUNT PRICES ON SCOPES, INCLUDING HITACH! =

SOAR SI220 e B 22 FUNET) 575 BBC MAIH— % 4 & CALL TOLL FREE FOR
SOARMESH . § 44 FURETS...—.o.38  BRCW2O I (W SAME DAY SHIPMENT
HICROR LXRAY o ® 94 FLUKEZT. . S115  B4K 2806 s W

FLUKE 30278 coomrscen$1 25
IN STOCK AND AVAILABLE NOW!

WM. B. ALLEN SUPPLY

300 BLOCK NORTH RAMPART, NEW ORLEANS. LA 70112

LOUISIANA TOLL FREE 800 462-9520

THE WM. B. ALLEN
WINNER’S DEAL

HITACH |

LARGEST FULL-LINE INVENTORY OF

RETTHLEY 128 137

CIRCLE 56 ON FREE INFORMATION CARD
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THE FIRST NAME IN
ELECTRONIC TEST GEAR

‘NEW FROM RAMSEY-20 MHz
DUAL TRACE OSCGILLOSCOPE

Unsurpassed Quaiity al an unbeatable price. Ine Ramsey ostillcacops
tompares to others COsting hundreds more. Foeatures Incluge & compo-
nenl 1esting Circuil that will allow you 10 easily 1ot fesistors, caPacnors,
digial circuiis and diodes » TV video sync hilter ¢ wide bandwidih &
Righ sensilivrly ¢ Internal graticule « high Quatity ractanguiar CRT

* front paned [race (otator « Z axi$ ¢ high sensitivity X-y mode  very
oW DOwer cOnSUMPhon ¢ requlaled power supply * buit-In catibrator
* rock 30fid triggering ® high Juality hook-on Probes

3999

high quality
hock-on probes Included

RAMSEY D-1100
YOM-MULTITESTER

Compach and relabis. de-
signed 1o service & wide vag-
aly of &quipment Fanivres in-
Clude * murrar batk 3cale

* dguible. Mwaled Précision
moving Cov * dauble over-
load ProiecGon = an (dedl low
<Ol und Tof the Deginper oF
4% B 104re back-up umit.

$49Q95

tasl lemds and battery

RAMSEY D-2100
DIGITAL MULTITESTER

A compact ga ¥y 10 use unit
desgned to Opsrate lika & pro.
Featuring & 3% cigt LG » low |
BAT. Indicator = bl rangs over- I-L
1pad prolechion * overrdings indi- i
cation * puto-polanty * Transs

tar jester & doal-slope integra-

tan = vinyl carrymng cise

$5495

Rgg 1481 19ads, Battery & vinyl
CAMTYIng case included

Inclucied

CT-70 7 DIGIT
525 MHz COUNTER

Lab quainy 8 & breakihvough prce
Fealures ® 3 (r#0uanCy ranQes cach
wilh pee amp * dual seiectable Qate
umes = Gale sCivily (ndiCAtor

* 30mV i 130 1Az typecal senvitinty
* wndde frequancy Ange » 1
BCCUrBCY

$11995

wired includes AC adapler

CT-10kn
BP-4nicad pach

CT-90 9 DIGIT
600 MHz COUNTER

The rmost varsdtile 10r leas than 530
Fealures 3 seiectable gate imes *
digdy * gateind.cator » digplay hold
= 25mY i 150 MH;Z typeal ty

CT-125 9 DIGIT
1.2 GHZ COUNTER

& 9 dight counter thaf will cutperform
units coshing hundreds more = gate
indicator & gémV i 150 MHZ typical

* 10 MH2 imebase for WWY cahibra-
thon * 1 PPm acCuracy

314995

wired inCiudes AT adaplef

CT-90 il $129.95
ON-101 PP Gven limebase 59.95

BP-4 nicad pack . B35

Y * 9 digit dispiey « 1 ppm
accurscy * diaplay holq * dusl inputs
with FreamPs

$46995

wired includes AL adapier
BP-4 nicad pack

RAMSEY D-3100
DIGITAL MULTIMETER

Raliable, sccuraty digital
medluremenis al an amaz-
INQ1Y low COSt * |n-hing COLOT
coded push bultons, speedy
range seleclion = abs plastic
til stanvd * reces 38 snpul
JacK3 = overicad ptolxii?:ré
G Al ranges * 14 digit L
display with suto Zere. auto
polarity & 10w BAT. Indicalor

$5Q95

test ads and Dallery
Included

-

Y
=

1T, PEs BB
Sl

CT-50 8 BIGIY
600 MHz COUNTER

A vorsative (b DEnGH counter with
optional receive MeQuancy adapler,
which turns the CT-50 into a degilal
readoul tor most any MCever « 25 my
@ 150 Mz typical sensitivity © 8 digit
display * 1 ppm sccu

$46995

CT-50kit .
RAA-1 receiver ndapler kit

DM-700 DIGITAL
MULTIMETER

Frofesssonal Quatiy al a hobbyist
price Faatures inciuce 26 dillarent
rangey and 3 funchens = 34 digit
e LED ahapfay * automanc «
Btaceranl * automalic POlanty

$441995

wired INCludes AC adspier

CHA-200 ki
MP-1 Drobe ser

PS-2 AUDIO
MULTIPLIER

The P5.2 48 handy for migh resolulion
Audi0 16301U1ION MPATUrEMBnTY, Mul-
tipLes UP in dréquehicy & ?reﬂ for PL
1ona measursments * Mulliphes by
ar Wi * 0 01HZ res01ution & built-in
srgnal preampicondib-oner

$4995

PS-2 kit

ACCESSORIES FOR RAMSEY COUNTERS

Telescopic whip antenna—BNC plug
High impedance probe. light Ieading

Low pass Probe, sudio Use

Ditect probe, general purpose use

Tilt ba, Yot CT.70. 90. 125

8%  PHONE ORDERS GALL -

PR-2 COUNTER
PREAMP

Tha PA-2 i ideal for measuring wesk
signais from 10 1o 1.000 MHZ ¢ a1 25
db?mn * BNE conneclons ¢ greatior
sailling RE « iaeal recever

preamp

$4495

wired inttude AL adapter
PAR-2 kil

a [yepe——— =
o =
$ 895 000 » ¢

= priery

5% 716-586-3950
TELEX 456735 RAMSEY CI
CIRCLE 79 ON FREE INFORMATION CARD

WWWW.americanradiohistorv.comm

PS-1B 600 MHz
PRESCALER -

Exlends ine ra Of your present
counter 10800 MHZ = 2 stage Preamp
= divige by W circultry ¢ seng ity
25mv b 150 MHz * BNC connectors
® drives &ny counler

$5Q95

wired includes AC Adapler
PS1B ni

d * zasmine |
tar B
ctoce mpsd = [ Lk~

} = B LK

) ¥ w1l 1 8l el

AAMSEY ELECTRONICS. INC.
2575 Baard Rd.
Penficld. N.Y. 14626

861 H39W31d3S

—h
L2
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"RADIO-ELECTRONICS

SPA RTAN Ekectrunics Inc

M“L

(516] 499-9500

6094 Jericho Tpke.
Commack, N.Y. 11725

: Philips Remote
Az ‘Cable Converter

Tl ders s # Dl
1 1000 ey 4 8 K tham
1iectarn. & Prigreveabe v ol &gl ¢ 74
N LIS S G @ ety A

$139.95 SiiemiRTRUINS

Volume Control
MuteHol ssunan .
PutieTone Serichatie

Lagl Mumber Redia! 544 95

GREEN AND AMBER MONITORS |
12" Sakata Green  $119.00
12" Sakata Amber $129.00

HEFUHBISHED MONITORS n
" and 127 Bell & Howells

or GBL Commercial Grade

5 low 25

B ey 539.95

BECKMAN CIRCUITMATE DM73

" e . 903.95

* 4 ar gt vORBGE [20G6S [BLAOTanNgIng)

* 4 reuigiarce ranges (aulofanging) S
® COrirnaty Dewger .Y
* “touch hoid"” tutton —— )

Other Curcuitmate Moters A-alsbie.

Jerrold 58 Channel Wireless _4

Rémote Convertar $109.95

Jerrald 36 Channel Remate
CATVConverter w/on/off Fine
Tuning $94.95

40 Channel VHF to UHF
Block Converter
28.95 En.

24954 &up

Defuxe Varsion - Fealures tine luning knob,
maiching X former & 2 cablgs $38.95

BEFORE YOU PAY $8 FOR A TELEPHONE
SERVICE CALL. TEST T YOURSELF

o oo |

Terephone Lina Analyze Modael ¢ 1042
- Tl e g hodorn Ton allen
Wiy w
M ) deof Ay R My |i

'EQ%%”: $19.95 r

PROFESSIONAL
TELEPHONE PRODUCT TESTER

4 e S e
, JFeatures: MODEL 1045 Wpu = =

$335.95

-G—-uunn-w--m

ﬁm gy

'h.ﬂhnwm‘

Digcounlz

§4e

®a0

B0
10 1 51700
r 1000 00 $1250

Mon Th TuWF Sa
9:30-5

(516}
499-9506 g 9-6
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ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibility for errors that may appear
in the index bo!ow

Free Information Number Page
71 Acilve Electronics 96
80 Advanced Compuier Products . R
— Advance Electronics. 14.15
12 All Electronics . 103
88 Amazing Devises 102
&7 AMC Sales 9
— American Sorplus | e
92 Appliance Service 43
87 AP Products . 43
72 AW Sperry
100 Beckman Instruments . 17
16 B&R . Bl
- rad Cabbe Flectronics
- CAD
13 CE1. a2
= Certlfied Assoc. . 92
= CIE 18-21
= Command Productions . .92
26,18 Communbeations Electronics , | 2 34-35
50 Contact East. 44
68 CPU €0 Scction 2
b5 Digikey »
n Digitron 106
% Dokay 108.109
54 Davle Tech. 48
L ERI. 9
- Elecironic Beok Club. T4
6 Electronic Speclalists 112
51.82 Flectronke Waschouse 24.83
39 Etronix . 112
40 Flrestik 13 . 9
— Fluke Manufacturing . Cover 2
— Fordham Radio
76 Formula 07
n Globat Specinities 26
63 Goldsmith Scientific ,............ 102
- Grantham College of Engineerlng, .. 33
75 laltronix . 112
15 licath n
28 Instrument Mart . -
53 Iwalw 1
1l Jameco 110,111
k2| JDR . 104,105
n Jensen. 45
45 8w 91
83 KCS. .. 100
36 Logical Sotutions . 45
— MeGrmw Will Co. 2831
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93 Melntosh Labs, 87
19 MCM . 100
&6 MF1. . 98
? Multitech . 25
17 Multivision , 32
*» Nemal Electronic 44
-_ Newtone Flecironics 36
= NRI . 21l
= NTS. : 341
" OK Industries . Cover 4
% Omnitron ; %0
51 Faia. 91
» Philips Tech Elecironics . . 100
» Platt Luggage. 48"
2 Pocket Tech .23
s Pumona Elecironics Cover 3
8 Powec Plys . 45
20 Priority One. .
2 Professional Video . 100
61 Radlo Shack . 101
s Ramsey . 113
3 Random Access . 44.45
- RE Bookstore. n
10 Rescarch Service Lab. .45
n” RF Elecironics 100,106
u R&M Distributors .45
34 Simpson . 49
23 Spaceage Electronks . -44.45
» Spartan Ebctronics . . 14
52 Test Probes . ket
-_ Texas Instruments . Y 37
13 Vaco. oo 19
56' Whi B Allen. 112
L] WS Jenks . B9

Zenith . 13

CABLE TV VALUABLE NOTICE - SAVE HUN.
DREDS OF DOLLARS - DO NOT BE MISLED.
Bedore you purchase learn the Latest lechnology on
the correct convertors and descrambiars to 1 your
system, For thls imponant mformaton and catakg
send $3.50 to Slar Base Vigeo, P.O. Box 7362
Johnsion, R1 02919
[ = r i
rREE Kil Cataiog
contaifid
TEST &

Phone 209-772-2076 Yt

welts or Phona for FREE CATALOG EQUIP
DAGE SCIENTIFIC INT!"Q“MF‘ITS
HOX 144 WALLEY SPR 252

FUNCTION GENERATON KIT $59.95
Auto-Ranfing Caf-matat kit $79_95

BUY BONDS
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THE POMONA PROMISE

Our constant goal is to provide the design engineer with
the best banana plugs and jacks made in this country.
Or anywhere.

And we've been doing it for
a long time. Since 1951 in fact.

That's when we promised
there wouldn’t be anyone in the
world who could design and pro-
duce banana plugs and jacks the
way we could.

The world agreed.

Naturally, as the years have
passed, we've improved upon our
original designs. So much so that
today, our banana plugs and jacks
are out there alone. In their own
class.

The same can be said for ev-
ery other product we design and

produce. And each and every one
of them is trusted by the profes-
sionals of the electronics industry.

At ITT Pomona Electronics,
we know there is no such thing as
standing pat. We also know that
your needs change and your ex-
pectations become greater as the
demands become more severe. To
this end we will continue to create
a better way. A better product.

That's a promise.

All of our products are
described and illustrated in our
General Catalog, and it's lree. Just
call (714} 623-3463 or 623-6751.

CIRCLE 85 DN FREE Ih_liOFIMATION CAROD

TWX 910-581-3822. Write to us at
ITT Pomona Electronics, a Divi-
sion of ITT Corporation, 1500 E.
Ninth St., Pomona, CA 91766.

In Europe: ITT CANNON
BELGIUM S.A /N.V. Rue Colonel
Bourg Str. 105 Space A (B.3) 1140
Brussels, Belgium. Phone: 02-735-
6094.

Our products are available
through your favorite electronics
parts distributor.

ITT Pomona Electronics
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OK's Hot Tip for Desoldering Problems

SA-6 DESOLDER IRON

Revolutionary new electric desoldering iran combines the ease and
portability of a hand-held, manual, desolder pump, with performance of
an industral desoider staton. This unique AC powered compact toof
features portable, one-hand desoldering elirminating the need for
separate soldering iron and desoider pump. No shop air requited.
Essential for all tool kits, field service technicians, and repaifmen, as weil (&
as production applications. Vacuum chamber s easily removed for f
clearung or replacement. Replacement tips available. Tool is supplied !
with SAT-6-059 tip; diameter .05% inch {1, Smm).
FEATURES:

# Self contaned suction power and heating element.
® Fconomical.

s Lightweight 4oz, (113gms).
» Compact size 104inches (d6em).
# Replacement noz2les avaifapf?.f.' { I

FE 4

'

“"sn?f.ﬁs‘ T
SA-6-230 Fa’
NOZZLE .

"SAT-6-059 |
SAT-6070

e o G, A W Y
B e, Tl e el N

Toiax 125091 O NYK. "olezx 232395 OK NY UR.
Phona [212) 994 6600
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