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TEK 8%

Now! Tek quality

IPES

THE ANSWER
BY ANY MEASURE

and expert advice

are just a free phone call away!

100 MHz dual
time base scope.
Easy-to-read CRT
bright, fuil-sized
8x10 cm; 14 ky
accelerating
potential compiete
with BEAM FIND,
separaie A/B

dual inlensity
conlirols. FOCUS
and TRACE
ROTATION.

Our direct order line gets
you the industry's leading

Wide ran?e verti-
cal sensilivity.
Choose from

2 mvidiv (1x
probe) to 50 Vidiv
{10x probe);
color-keyed for 1x
and 10x prohes;
vafable Control
ncreases scale
factorby 2.510 1,

price/performance portables...
and fast answers from experts!

The 60 MHz single time base delay
2213A, the 80 MHz dual time base
2215A and the 100 MHz dual time
base 2235 offer unprecedented
reliability and affordability, plus the
industry's first 3-year warranty*

on labor and parts, CRT included.

The cost: just $1200 for the
2213A, $1450 for the 22154,
$1650 for the 2235.f Even at
these low prices, there’s no
scrimping on performance. You

Cooynght © 1984, Taktron, Inc All nghts reserved

Two 100 MHz.
high sensitivity
channels. 3.5 ns
nsetime; dc o =
100 MHz bang-
widih from S Vidiv
to 5 mVidv,
extended sen-
sitivity of 2 mV/div
at &= 90 MHz.

have the bandwidth for digital
and analog Circuits. The sensitivity

A/B sweep selec-
tion. Calibrated

A sweeps lrom

50 ns/div 1o

0.5 s/dwv; B sweeps
from 50 ns/div

to 50 ms/div; vari-
able conirol for up
o 25101 redug-
tion and 10x
magnificalion for
sweeps 1o
5ns/div

for low signal measurements. The
sweep speeds for fast logic fami-
lies. And delayed sweep for fast,
accurate timing measurements
All scopes are UL Listed and CSA

approved

You can order, or obtain
literature, through the Tek
National Marketing Center. Tech-
nical personnel, expert in scope
applications, will answer your
questions and expedite delivery.
Direct orders include comprehen-
sive 3-year warranty®, operators

WWWW.americanradiohistorv.comm

B trigger slope

and levet. Use B
Dual lime base tri,?ger level 1o
measurements. select B-riggerec
Select either A or or run-after-delay
8 sweeps. orbolh | modes: use B
allernately with A | TRIGGER SLOPE
intensilied by B to select transions.

1-800-426-2200

manual, two 10X prabes, 15-day
return policy and worldwide ser
vice backup.

Order toll free:
1-800-426-2200,

Ask for Rick.

In Oregon, call collect

{503) 627-9000.

Or write Tektronix, Inc

P.O. Box 500, Delivery Station Y6-088
Beaverton, OR 97077

Tektroni¢

COMMITTED TO EXCELLENCE

PTTA.439.1 {PrceFQB8. Beaverton OR  "3.year warranty nchuoes CRT
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VIDEQO AGGESSORIES

m Highest quality m Highest performance m Lowest prices

VIDEO-CINE
CONVERTER

The BP video-Cine Converler is an
optcal device that allows the easy
transter of slides, 8mm or 1Bmm
movie film to VCR tape The Video-
Cine Converters precision oplics pul
the image Irom your movie or slide
projecior on a high-contrast. rear
prolection screen. Your video camera
shools that image, can cokor-comect
faded pictures, add narration o olther
sound. Can be used whh any video
camera of slide projector. If your
video camera lacks ciose-up capability,
you will need a macro lens attachment,

MODEL V-1701 $3495

FOR ULTIMATE VIEWING

TEKNIKA Model 6510 R T ESS
Model V7881 579 85

WIRELESS REMOTE $ 85
CONTROL TV TUNER 1 69

& CABLE CONVERTER

WITH VOLUME CONTROL

Wireless femote control with volume for cabie

TV, VHF-UHF antenna systems upgrades any Wireiess remole control on/olf, channel

V10 140 channel capabliity, selection and fine 1uning.

= Works with any TV set « Qulck, easy + Works with any TV = 61 channel capability
installason « Oft-air and cabie compatible + Microcomputer controlled PLL operation
«Quart: frequency synthesizer tuning « Direct = Converier panel controllable lor channel up,
access/mel scan selecior « Litra-compac, dcwm, onvolf, line funin

hand held wireless remole contral » Compatible with CA

(XS

DISTRIBUTION AMPLIFER
Model V1880 39995

STABIUZER/IMAGE ENHANCE R/RF
COMNVERTER/VIDEQ FADER/2-WAY

Hook-up
cable kit

% 85 S11-75

Tha mos! versatile. alk-in-one video Processor.
Can be used as & wdeo guard remover for
videc tapes, enhancet. video 1o RF convener,
professionat wdeo fade in and out and a dual
outpLt distribubion ampler.

Modei vasos 4855

Record a channel white
viewing a galay:'-dard channet,
YOu can also connect an
antenna/cabie, VCR. videc disc
player. home compuiter and
video game.

VIDEQ
SWITCH

Charge It with VISA/MASTERCARD. ke %% Phone orders accepled.

Fordham iwésesis

260 Motor Parkway, Hauppauge, NY 11788 In NY State 800-832-1446

WwWwWw americanradiohistorv comm

VIDEQC TAPE REWINDER Model V7ITTT VHS ’4995

Model v7778 BETA *49°°

Reduce wear and tear of your
VCR heads with the AC
powered cwcut protecied
rewinders. LED power-on
IndsCALors,

Service and Shibping Charge Schedule
FOR ORDERS ADD
$25-250 $450
$251-500 $650
$501-750 $850
£751-1,000 $1250
1,001 and up. 1500 _
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RADIO-ELECTRONICS

M)

NEW!
¥

eﬁ 5\ Cﬁ%
Scanners

Communications Electronics;
the world's largest distributor of radio
scanners, introduces new models
with special savings on all radio
scanners. Chances are the police,
fire and weather emergencies you'll
read about In tomorrow's paper are
coming through on a scanner today.

We give you excellent service be-
cause CE distributes more scanners
worldwide than anyone else. Our ware-
house facilities are equipped to pro-
cess thousands of scanner orders
every week We also export scanners
to over 300 countries and military
installatlons. Almost all items are In
stock for quick shipment, 5o if you're
a person who prefers fact to fantasy
and who needs to know what's really
happening around you, order your
radio today from CE.

NEW! Regency? MX5000-E
List price $599.95/CE price $358.00
Mull-Band, 20 Channal ® No-cryaial scannar
Saarch ® Lochaul ® Priorily » AC/DC
Salactable AM-FM modas ® LCD display
World's first continuous covarage scannaer
Fraquency range: 25-550 MHI gonlinuous COverage
Never before have 50 many fealures come in
such a small package. The Regency MX5000
mobile of home scanner has continuous cover-
age from 25 to 550 MHz. That means You can
hear CB, Television audio, FM broadcast sta-
tions, all aircraft bands including military and
the normal scanner bands, all on yYour choice of
20 programmable channels.

Regency® MX3000-E
List price $312.95/CE price $179.00
&-tand, 30 Channal 8 No-cryatal acannar
Saarch ¢ Lockoui » Priority » AC/DC
Bands: 30-50, 144-174, 440-512 MHZ
The Regency Touch MX3000 provides the ease
of computer controlied. fouch-entry program-
ming in a compact-sized scanner for use at home
or on the road. Enter your favorite public service
frequencies by almpty touching the numbered
pressure pads. You'll even hear 8 “beep” tone
that lets you know you've made conlact

In addition to scanning the programmed
channels, the MX3000 has the ability to search
through as much as an entire band for an active
trequency. The MX3000 Inciudes channal 1
priority, dual scan speads. scan or search delay
and a brighiness switch lor day or night operation.

Regency® Z30-E

List price $279.95/CE price $1688.00
&8-Band, 30 Channel & tal acanner
Sands 30-50, 144-(74, 440-512 MHL

Cover your choice of over 15,000 frequencies
on 30 channels at the touch of your finger.

Asgancy
MXI000

Ragency
M X3O000

Regency® C403-E

List Price $99.95/CE price $58.00

S-Band, 4 Channal & Crysital acannar
Channat indicator LED 8 AC only ® Low cosi
Bands 30-50, T48-174, 450-470 MHL
Regency's basic scanner, the C403 gives you
the excitement of police. fire and emergency
calls at a budget prica. it ¢can wne in to any of
five public service bands and brings the signal
In loud and clear..on any ol four Possibie
channels It comes with detachable telescope
antenna and AC power cord. Order one crystal
ceartificate for sach channel you want to receive.

Regency® HX1000-E

List priceé $324%.95/CE price $209.00
8-Band, 30 Channel ® No Cryatal scanner
Search ® Loackoul & Priorlty & Scan dalay
Sidailt liquid cryatal dispiay ® Diglial Clock
Frequency range: 1G-50, 144-174, 440-512 MHL
The new handheid Regency HX1000 scanner i fully
keyboard programmabie for the ultimateinversatil-
ity. You can scan up to 30 channelsatihe samatime.
When you Bctivat® the priority control, You auiomat-
I8ty orvernide all other calls (o lislen to riavorte
trequency. The LCO display is even sidalit for night
use. A dig-Cas! aluminum chasim makes this the
mosl rugged and dursble hand-held acanner avaik
able, There I8 even 8 backup lithium battary o main-
tain mamory for two ¥8ars. inCludes wall Charger.
carmying casa, belt chp, floxibie antenna and nicad
battery, Order your Regancy HX1000 now.

Regency® R106-E

List price $159.95/CE price $92.00
5+-Band, 10 Channe! » Crystalscanner 8 AC/DC
Frequency range 30-50, 146174, 450-512 MHL
Avarsatile scanner, The Regency R-106 is bullt
to provide maximum reception at home or on
the road. Ruggedcabinet protects the advanced
design circuitry allowing you years of depend-
able listening.

NEW! Regency® R1050-E

List price 5179.95/CE price $109.00
8-Band, 10 Channai » Cryatailaas » AC oniy
Frequency range: 30-50, T44-174, 440-512 MHL
Mow you can enjoy computerized scanner ver-
satllity at a price that's less than some crysial
units. The Regency R1050 lets you Inon all the
action of police, fire. waather, and emengency
calls. You'll even hear mobile talephones.
Programming the R1050 is easy. Merely touch
the keyboard and enter any of over 15,000
frequencies on your choice of 10 channels.

Regency® HX650-E

Lis| price $129.95/CE price $78.00

S-Band, 8 Channe! ® Handhaid crystal scannar
Bands: 30-50. 146-174, 450-512 MHZ

Now you can tune in any emergency around
town. from wherever you are, tha second It
happens. Advanced circultty gives You the
world's smallest scanner. Qur low CE price in-
cludes battary chargerfAC. adapier.

NEW! Regency® HX-650P-E
List Price $189.95/CE price $104.00
Now, Communications Electronics oHers a
special packaged price on the RAegency HX-650
scanner andthe following itemsior only$104 .00
Yougetthe Aegency HX-650 sCanner, aset of4
AAA nicad batteries. ihe MA. 506 camying case,
sixcrystal cartificates, AC adapter/chargerand
flexible rubbar antenna for only 5104.00 per
package plus $10.00 shipping/handling. To
order thia special package, use CE special
order number HX-850P-E.

QUANTITY DISCOUNTS AVAILABLE
Order twe scanners &t the same time and deduct
19, for three scanners deduct 29, four sCanners
deduct 3%, five scanners deduct 4% and six or
more scanners purchased at the same time
aarmns you & 5% discount off our super low
single unh price.

Hegency
NX8580

Hegency
NX 1000

CIRCLE 79 ON FREE INFORMATION CARD

WWWW americanradiohistorv comm

NEW! Regency® MX7000-E

List price $699.95/CE price $449.00
10-Band, 20 Channail ® Cryaialiass ® AC/DC
FreQuencyringe: 26-550 MHZ confinuous coverage
and 800 MHE to 1.2 GHE conlinuous coverage
In additlon to normal scanner !istening. the
MX7000 oHers CB, VHF, and UHF TV audio. FM
Broadcast, all alrcraft bands {civit end military),
800 MHz communicatlons, cellular telephone.
and when connected to a printer or CRT, satellite
weather pictures.

The Regency Touch MXTQOO0 provides the
ease of computer controlled, touch-eniry pro-
gramming in & compact-sized scanner lor use
at home or on Lhe road. Enter your lavorite fre-
Quencles by almply touching the numbered
pressuré pads. You'll aven hear a "beap” tone
that lets you know you've made contact.

In addition to Scanning the programmed charn-
nels, the MX7 000 has the ability to search through
as much as an entlré band foran active frequency.
When a call is received. the frequency will
appear on the dightal display.

Regency® Z10-E

List pnce $239.95/CE price $138.00

a-Band, 10 Channal » No-crysisl scanner

Priority control ® Ssarch/Scan ® AC/DC

Bands 30-50. 140-174, 440-512 MHZ

Cover Your choice of over 15,000 lrequencies

on 10 channels at th# touch of your finger.
OTHER RADIO ACCESSORIES

B-4-E 1.2 V ALA Ni-Cad batierks (get of 10ur) . 1900

A135C-E Crysisl cartihcale .

ABO-E Magnet moun mabile anienna . .$35.00
ATO-E Base atation enténna, .. i . $35.00
A $3.00 Q for ol 2, s Orered af ihe same b,

Acg £3.00 shioping per BCAnNe antenne

BUY WiTH CONFIDENCE

To get the fastest dalivery from CE of any
scanner, send or phone your orger directly to
our Scanner Distribution Center” Be sure to
calculate your price using the CE prices in this
ad. Michigan residents please add 4% sales tax
of EuPPly your tax .D. number. Written pur
chase orders are accepted frgm approved gov-
ernment agencies and most weli rated firms ata
108 surcharge for net 10 billing. All sales are
subject to avallability, acceptance and verifica-
tion. All sales on accessories are final Prices.
terms and specifications are subject to change
without notice. All prices are In U.S. dollars. Out
of stock items will be placed on backorder
automatically unless CE is Inatructed difier
ently. A $5.00 additional handiing tee will be
charged tor all orders with & merchandise total
under 550.00. Shipments are F.0.B. Ann Arbor,
Michigan. No COD'a Most products that we sell
have 8 manutacturers warranty. Free copies of
warranties on these products are availlable
prior to purchase by writing to CE. international
orders are Invited with a $20.00 surcharge for
special handling in addition o shipping charges.
Norrcertifted checks réQuire bank clearance.

Mall orders t0: Communications Electron-
ics; Box 1002, Ann Arbor, Michlgan 481086
U.S.A Add $7.00 per scanner for U.P.S. ground
shipping and handling in the continental U.S A
For Canada, Puerto Rico. Hawaii, Ajaska, or
APO/FPO delivery, shipping charges are three
timas continental U.S. ratea If you have a Visa
or Master Card, you may calt and place B credit
card order. Qrder tol-free in the US Dial
800-521-4414. |n Canada, order toli-free by
calling 800-221-3475. WUl Telex CE anytime.
dlat 67 1-0155. If you are putside the U.S. or In
Michigan dial 313-973-8888. QOrder today.
Scanner Distribution Canter” and CE 100038 are frade
marks o Communications Elactronics Inc.
| Regency o a lederally registecad trademars of Regency
Elcirons Inc AD #0BO3B4-E
Copyright © 1484 © ications Elsct

Order Toll Free...call

1-800-521-4414

A COMMUNICATIONS.
ELECTRONICS™
Consumer Products Division

B8 Proenin O Boc 1002 O Ann Arbor. Michipan 48104 U S A
Cal' TOLL-FREE BOO-3211-8414 o putpice U EA 11307 3-2888
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FEBRUARY 8% Eiectronics

Vol. 56 No. 2
SPECIAL 47 SELECTING THE BEST RESISTOR/CAPACITOR RADIO
FEATURE: Finding the right value for your 84 COMMUNICATIONS
components is the easy part—there’s a lot CORNER
more to consider when choosing parts for Computers and
your projects. Victor Meeldijk communications.
Herb Friedman
BUILD THIS 55 TAPE STREAMER FOR YOUR COMPUTER 88 ANTIQUE RADIOS
Can a cassette tape really be an alternative Here's our new column!
to a disk drive? This high-speed cassette Richard D. Fitch.
interface comes close. And it works with VIDEO
any computer equipped with an R5-232 63
; SERVICING VIDEODISC
port! Mike Huddleston PLAYERS
69 ATAR| GAME RECORDER Part 3. Here are some
Part 3. In the concluding part of this article, practical troubleshooting
we give you all the construction details and servicing hints.
you'll need to record Atari videogames on John D. Lenk
audio-cassette tape. 12 VIDEQ NEWS
David A. Chan and GUY Vachon The present and future of
the fast-changing video
TECHNOLOGY 14 SATELLITE TV scene. David Lachenbruch
A look at how LNA's have changed during 98 SERVICE CLINIC
the brief history of satellite TV. | Servicing electronic test
Bob Cooper, )r. equipment. lack Dart
51 STEREO AUDIO FOR TV 99 SERVICE QUESTIONS
Stereo TV is here at last! Here's an In-depth Answers f’?"" Radio-
look at the FCC decision on multichannel Electronics’ service editor.
television sound and what it means. COMPUTERS
Brian C. Fenton 86 COMPUTER CORNER
All about printers.
73 ALL ABOUT THERMISTORS Lou Frenzel
Egg}#gﬁ?ﬁg Part 2. This month we finish our look at the | following COMPUTER DIGEST
basics and start to use thermistors in real Page % The computer on a wrist Is
circuit applications. Harry L. Trietly here!
77 DESIGNING WITH DIGITAL IC’s EQUIPMENT
If digital logic left you behind, it's time to REPORTS
catch up with our new “Back-to-School” 32 Cardco Card/? Universal
series. Joseph ). Carr Printer Interface
82 HOBBY CORNER 81 Beckman DM10 Multimeter
Bullding a DC power supply. YEPARTMENTS
Earl “Doc” Savage, K45D5 1022 Advertising and Sales Offices
90 NEW IDEAS 122 Advertising Index
A melodious telephone ringer. 123  Free Informiation Card
92 DRAWING BOARD 22 Letters
Understanding memory IC’s. 101 Market Center
Robert Grossblatt , 32 Ry Products
96 STATE OF SOLID STATE AN
High-power FET’s. Robert F. Scott

Radio-Elactronics, (ISSN D0I3-7862) Pubkshed monitly by Gaimsback Publicabony, ht., 200 Paric Avenue Soutn, Mew York, NY 10003 Sacond-Class Postage pid @l Hew York, NY and
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& RADIO-ELECTRONICS

OVER 1

Choosing the right component values for your circuit designs can
be difficult. But that task can pale in comparison to choosing the
proper component types!

if you’ve ever wondered about the differences between wirewound
and carbon resistors, or ceramic and tantalum capacitors, then this
article is for you. This month, we’ll tell you about resistors—carbon,
film, wirewound, cermet, etc. The story begins on page 47.

NEXT MONTH

ON SALE FEBRUARY 14

TEST EQUIPMENT

Two information-packed articles to help you choose
the oscilloscope and digital multimeter that's best for
you.

UNIVERSAL CASSETTE INTERFACE
In Part 2, we’ll show you how to build the high-speed
jape streamer.

RESISTOR/CAPACITOR SECTION
Next month, we’ll look at different capacitor types
and how to pick the right one for your circuit designs.

DIGITAL IC5s

Our back-to-school serties continues with a look at
CMOS technology.

AND LOTS MORE!

AL @ sernce 10 maders, Aadio-Electronics publishes avadable plans oF information relatng 1o nawsworthy products, lechnidues
and sceniific and 1echnogeal mm:'smu of possibie vansnces i Ihe quakly and conditon of malenals and

workmanshg usad by readers, Hada-| discims any responsibidty for the sale and proper funclining of reader-buitt
OECTS Dased Upon o om Plans o rormebon pubdahed in ths MegLzineg
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For Hz, people choose this DMM
with amazing frequency.

Our 8060A has four unique buttons
you won't find on any other
4'/2-gigit handhelds.

Fush the Hz button, and youte ready to

measure frequencies from 12 Mz to 200 kHz.

And that’s just the beginning.

Select g8 for automatic conversion
from voltage measurements. Continuity
for quick checks for opens and shorts.
And Relative Reference lor refative or
otiset measurements — in any function
0fF range you'e working in.

Put them together and it's obvious this
is ng ordinary DMM.

The 8060A also offers true RMS ac
measurements, 0.04% basic dc accuracy
and 10 uV resolution. Pius Fluke's tradi-
tiona! quality, precision, ruggedness and
value. Inall, the most powerful handheld
DMM you can buy.

But don't take our word for it.

[§vrml| s
-

The next time youTe comparng
DMMs, lake a closer look. Because com-
pared to the compelition, something will
become very clear,

There fsn’t any.

That's why for Hz and many other rea-
sons, people choose the Fluke 80604 -
with amazing frequency.

To learn more about the top-oi-the-line
8060A. the lower-cost 80624 and the
bench/portable 80504, contact your focal
Fluke Distributor, or call toli-freg
1-800-426-0361.

Copyright @ 1984, Jon Fhke Mg G, Ine. A ighis resened Ad Mo, 47018050
For technical data circle number 262

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.
§060A DMM  8062A DMM 80504 DMM
& CicH =
004 baset o Q05% haske & 003 basic &
ot Oy oy
F - Coputree dim et wih %
ments Peiatve mlerence seleciie e
dbm Reltre 8B a3 e oS
Conductance Crortomlly and Dicle  Comuctince
Petafror rediterncs sl Reiatre erence
Ty oms ot Adoangog mogohvrs, eldx
! Cycle and mamarly O yoar calibrahon
Adtorangng megohms LI 1244 e Eydie and narranty
Oy Factoey MLl 25
and e AR
UL 1244 et
* Suggesied US. ki price:
Lf—
IN THE U.S AND NON-
EUROPEAN COUNTRIES: IN EUROPE:
John Fluke Mfg. Co..Inc,  Fluke (Holland} B.Y.
PO, Box C908). M/S 250C PO, Bem 5053, 5004 €8
Evereit. W 36206 Tilbwag, The Nethertands
{206) 356-5400, ke 152662 ((N3) 673973, Tie 52237 m
3
=
>
o]
|I=Ll_l KE =
® @
5
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WHAT’S NEWS

PROTECTION FOR A COMPUTER

A ROOM AS BIG AS A BASKETBALL COURT is needed 1o hold the 1,840 storage balleries at the
Boeing Computer Services data center in Bellevue, Washington. The 1,840 Allied € & D batteries,
wilh an vulpul equal o thal of 3,300 standard car balleries, are par of a fail.safe plan to provide
instanianeous backup power in case of elecirical failure. Prolection is temporary only—ihe
balteries are intended to provide 4,100 hilowatts oi power for 15 minutes, while the company’s
diesel generalors can be staried. The center is designed to withstand natural disasters, and the
baiteries are inslalled an earthguake-resistant racks.

American company
locates in lapan

Last October, Applied Materials
Japan, a subsidiary of Applied Ma-
terials, Inc., of Santa Clara, CA,
dedicated a new Technology Cen-
terin Marita, lapan, just outside of
Tokyo. Applied Materials calls it
“the first major research and de-
velopment facility in Japan estab-
lished by an American semicon-
ductor production systems man-
ufacturer.”

The 57,000-square-foot facility
was built at a cost of $9.2 million,
part of which was provided by a

$3.4 million loan from the Japa-
nese Development Bank, an agen-
cy of the Japanese government.

New lab investigates
silicon-on-sapphire IC's

The Marconi Co. is establishing
a fully-equipped Silicon Systems
Laboratory in Lincoln, England. It
will provide advanced processing
facilities for 1.5-micron silicon-on-
sapphire technology I1C’.

The advantages of silicon-on-
sapphire are improved speed or
reduced power, combined with
high packing density and proven

WWWwWw americanradiohistorv comm

radiation resistance. A particularly
important application is for elec-
tronics in satellites, where the cost
of providing electrical power is
high, and where the circuits are
exposed to continuous natural ra-
diation for years.

NASA contracts for
advanced space system

NASA's Lewis Research Center,
Cleveland, OH, has awarded a
$260 million contract to a team of
electronics manufacturers headed
by RCA’s Astro-Electronics Group
of Princeton, N}, for design, de-
velopment and fabrication of an
Advanced Communications Tech-
nology Satellite (ACTS). That is ex-
pected to be the most advanced
and complex space-communica-
tions system known. It is sched-
uled for launch by the Space
Shuttle Tn 1989.

The contract specifications call
for a flight spacecraft, ground sys-
tems, and operations. The work
will be split among the several
contractors. Lewis has project-
management responsibility for the
program; RCA Astro-Electronics
will be responsible for con-
struction of the spacecraft and in-
tegration and testing of the ACTS
system. COMSAT will take care of
the design and development of a
master control station, a NASA
ground station, and operations
and maintenance, and TRW will
develop the multibeam communi-
cations package.

The technologies to be tested in
the ACTS program, says a NASA
spokesman, could lead to at least a
five-fold increase in satellite-com-
munications capabilities in the
1990’s. Those include multiple spot
beam transmission, message
switching on board the satellite,
and use of a new higher-frequency
band between 20 and 30 GHz. R-E
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New protection =

pecially in stormy weather—

for the electronics you use, sell or servicel

A brief, high voltage surge - or spike
- can occur in any AC line system
and, at amplitudes lower than €00V,
cause little or no damage.

But at greater amplitudes, a spike
cando real damage. And the greater
the high voltage surge - resulting
from nearby lightning, for example -
the greater the risk of harm,
especially to solid-state devices.

That's why Zenith now announ-
ces the availability of two Spike
Suppressors — one with a grounding
plug and the other without.

Both are designed to provide
susceptible TV receivers, household
appliances and other electronics
with two-way protection from high-
voltage surges.

First, a Zenith Splke Suppressor
absorbs a wide range of voltage
spikes so only a safe voitage level
reaches the protected equipment.

Second, heavy or prolonged
voltage surges cause a Zenith Spike
Suppressor to cut off power com-
pletely to protected equipment
thereby signaling the need for a
replacement Spike Suppressor.

That's double-duty protection
against spikes for the electronics
you use, sell or service. And ample
reason for you to lay in a supply of
Zenith Spike Suppressors soon.

Chances are they're available
at your Zenith dealer’s now. Call
and pick up several betore the next
storm hits!
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Train for the Fastest Growing Job Skill in America

Only NRI teaches you
to service and repair
all computers as you
build your own 16-bit
IBM-compatible micro

New from NRi—the only home study course that
trains you as you assemblie a top-brand computer!

As computers move into
offices and homes by the millions,
the demangd for trained computer
service technicians surges forward.
The Department of Labor estimates
that computer service jobs will
actually double in the next ten
years—a faster growth than any
other occupation.

Total System Training
As an NRl student, you'll get |

Alter you construct this You next assemble the Atter you install the disk

total hands-on training as you | digital logic probe, you'll power supply into the drive and monitor, you'l!
actually build your own Sanyo install the "Intelligent” main unit of the computer.  make a backup copy ol the
MBC-550-2 computer from the Sanyo detached keyboard,  Using the dightal muti- MS5-DOS operating disk,
keyboar d up. Only a person who :Ilith its rggglcatad :Le‘;:;a ;:gu checel; tt:ll 1 e:u‘;lo'dedli?i: Bolagi rr;‘lli::{ochip
knows aff the underlying funda- NI i an:rs circuif:nn 3 s it i
menitals can cope with aff the = T
significant brands of computers, I '
And as an NRI graduate, you'l guidance and special help whenever As you build the Sanyo from
possess the upto-theminute you may need it. the keyboard up, you'll perform
combination of theory and practical 2 demonstrations and experiments
experience that will lead you to The Exciting Sanyo MBC- | ha will give you a total mastery of
success on the job. 550-2—Yours To Keep computer operations and servicing
You learn at your own con- l Critics hail the new Sanyo as techniques. You'll do programming
venience, in your own home, at the "most intriguing” of all the in BASIC ianguage. You'll prepare
your own comfortable pace. With- IBM-PC compatible computers. |t interfaces for peripherals such as
out classroom pressures, without uses the same 8088 microprocessor | printers and joysticks. Using utility
rigid night-school schedules, as the [BM-PC and the MS/DOS programs, you'll check out 8088
without wasted time. Your own operaling system. So, you'll be able functioning. NRI's easy step-by-step
personal NRI instructor and NRl's to choose thousands of off-the-shelf instructions will guide you all the
complete technical staff will software programs to run on your way right into one of today's fastest
| answer your questions, give you completed Sanyo. growing fields as a computer
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service technician, And the entire
system, including all the bundled
software and extensive data
manuals, is yours to keep as part
of your training.

Mow the pro computer
critics rate the
Sanyo 550:

"Sanyo BASIC is definitely
supenior to IBM Microsoft. . _ lets
you use 1o or three Reystrokes for
entening BASIC commands."”

—MICROCOMPUTING Magazine

*. . . compares favorably with
the IBM PC, even surpassing it in
computational speed. . . "

—COMPUTERS &
ELECTRONICS Magazine

Your NRI Course Includes a Sanyo MBC-
550-2 Computer with 128K RAM, Monltos,
Disk Drive, and “Intelligent™ Keyboard.
The NRI Discovary Lab®, Teaching Circuit
Design and Operations; a Digital
Multimeter; Bundled Spread Sheet and
Word Processing Software Worth $1500
at Retail—and Movre.

" went lo have a looR at the
MBC-550. . . what ! found made
me an owner the next day!"

—Biil Sudbrink,
BYTE Magazine

100-Page Free Catalog
Tells More

Send the postage-paid reply
card today for NRI's big 100-page
color catalog, which gives you all
the facts about NRI training in
Microcomputers, Robotics, Data

Communications, TV/Video/
Audio Servicing, and other grow-
ing high-tech career fields. If the
card is missing write to NRI at the
address below.

”R’SCHOOLS

McGraw-Hill Continuing Education Center
3930 Wisconsin Avenue, NW
Washington. DC 20016 AT

We'll Give You Toinorvow, liﬂi.

1BM ig & Registered Trademark of Intenabonal
Business Machineg COMoration.
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VIDEO NEWS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

® German Flat-Screen Color TV, Siemens of
Germany, with government backing, has
developed a plasma color display less than 2%
inches thick, providing a 12-inch picture on a
panel measuring 14-inches diagonally, which the
German government says is ready for produetion.
The system uses a plasma cathode, no electron
gun, and is addressed by a matrix system. The
phosphor screen is said to be a conventional
type, currently with 288 lines, each made up of
720 phosphor points, or 240 sets of three colors.
The tube reportedly 1s scheduled for production
in an ITT German plant. However, the matrix
gystem currently is very expensive and
development of special VLSI IC’s i8 required to
bring costs down. Germany claims the flat tube is
the most advanced such display device ever bullt.

® All-in-One. Pioneer has introduced a
combination Laservision videodisc player and CD
compact digital audiodisc player. To be priced at
more than $1,000, it automatically adjusts itself
to play back 4'4-inch CD discs, or 8- or 12-inch LV
videodiscs, and the solid-state laser automatically
changes in intensity to read either the audio or
video disc. With the introduction of the
combination player, Pioneer also is adding a
digital-audio track to its new Laservision
videodiscs. The analog track is also preserved for
compatibility with old model players. As it
introduced its new model, Pionear cut the list
price of its older videodisc player to $300.

® Camcorder update. The all-in-one camera-
VCR, or camcorder, ig coming into its own, and
the three formats now in production will be
Joined by a fourth in 1985. Currently avallable or
on the way are 8mm camcorders by Kodak,
Polaroid, and GE; Betamovle camcorders by the
Beta group, including Sony, Sanyo, Toshiba, and
NEC, and VHS-C VideoMovie camcorders using
the 20-minute compatible mini-VHS cassette by
JVC, Zenith, and the European Thomson Group.

The VHS group has been accelerating
development of a camcorder combining the

advantages of all three systems without the
disadvantages, and both Matsushita (Panasonic
and Quasar) and Hitachi {which also
manufactures for RCA) have come up with units
combining a full-sized VHS cassette with a video
camera. The aim is to produce a basic camcorder
model 1o sall in the US. for less than $1,000. The
companies bellevs they have overcoms the
disadvantages of the three other systems
introduced to date—unlike the 8mrm modsls, they
will use standard cassettes; unlike Betamovie,
they'll be able to play back as well as record, and
unlike VideoMovie (and currently 8mm), they'll
be able to record a full two hours on a cassette,

® Multichannel TV S8ound. Sterecphonic
sound will be added to the telavision signal of
more than 100 TV stations in 1988, according to a
recent survey. The survey, conducted by the trade
newslettar, Televisfon Digest, indicated that the
stations would be located in most major
metropelitan areas. The new multichannel TV
sound (MTS) system also provides for
transmission of a Second Audio Program, or SAF,
in addition to stereo. The survey found that SAP
transmissions would be much slower than stereo
in starting up. Only 19 percent of the stations
planning to broadcast in stereo indicated they
would also originate such program-related SAP
transmission as second-language translation,
while 3.5 percent planneéd to originate non-
program-related SAP's. Under the FCC rules,
gtations may originate virtually any non-
program-related audio material they wish—
anything from paging service to radio-type
programming for the public.

A survey of set manufacturers by the EI1A,
meanwhile, indicates that they expect
multichannel sound sets to comprise 10 percent
of color-TV shipments by mid-1986, rising to 30
percent by mid-1987 and leveling off at 45
percent in mid-1988. MTS adaptor jacks should be
in 10 percent of sets sold by mid-1985, in 20
percent by mid-1986, and peaking at 30 percent
in mid-1988. (See story on page 51.) R-E
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Here’s The Savvy-est True Dual Trace 10 MHz
Digital Storage Scope You Ever Saw
. . . At The Saving-est Price. Only $595.

LogicBcopa

[

-. The Handy New LogicScope™ 136 .

- -

TIME BASE aNOSAMPLE RATE

w

True Dual Trace * 10 MHz Real Time Bandwidth * 3 Input Channels * I/O Port
Digital Waveform Storage * Boolean Waveform Operations ¢ Audio Functions
8.0 (L) x 4.5(D) x 1.75 (H) Inches * 1.25 Pounds * 9 Volt Battery/AC Operation

Consider the LogicScope 136

B The LogicScope 136 is the next logical step in test instru-
mentation for you. It combines many of the features and capa-
bilities of sophisticated logic analyzers and oscilloscopes

and it fits in your hand. Never before has so much technology
been available in so.small an instrument, at such a low price.
B The pocket-sized LogicScope 136 is made possible by a
patented breakthrough in display technology. The conven-
tional CRT has been replaced by a unique array of 400 LED's
that permits simultaneous display of two digital waveforms.

B The 136 can be used for viewing single shot events. or
repetitive waveforms. It can be operated in real time mode, or
in memory mode which permits acquisition and storage of up to
50-100 bit waveforms. These can be recalled, logically com-
pared {AND, OR, EXCLUSIVE OR) to other input waveforms,
or output to an external device via an [/Q port. This I/0 port
will also accept future add-on 136 Moduies.

B Its very low cost, convenience and ease-of-use make the
LogicScope the ideal instrument, for designing, troubleshooting
or repairing digital systems. Made in U.S.A.

Consider its Engineering & Field Service Applications:

B On microprocessor-based systems, check the timing rela-
tionship of various parameters relative to the system clock and
other key events. [ts storage capability allows visual and logi-
cal comparison of non-repetitive waveforms to known refer-
ence signals. Qutput in the start-up of the digital device can be
compared to reference signals to determine the operating state
of the device. Questionable waveforms can be stored for analysis.
B Itslight weight and small size make the LogicScope conven-
ient to take on every service call. The 136 provides much more
information for trouble shooting a digital system or peripheral
than a logic probe or digita! counter without having to lug an
oscilloscope or logic analyzer along.

Contact us for the name of vour local distributor

POC(ET TECHNOLOCY. INC.

7320 Parkway Drive, [lanover, MD 21076 US.A.
301-796-3300 TELEX 908207
Division of Renaissance Technology Corp.

CIRCLE 264 ON FREE INFORAMATION CARD
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LNA’s and downconverters

THE PAST FEW MONTHS, WEVE LOOKED
at the evolution of the home
TVRO. This time, let's continue
with a look at how LNA's and
downconverters have changed.

LNA changes

A Low-Noise Amplifier {LNA)
has always been a substantial part
of the home-TVRO system. Since
1979, that portion of the system has
seen the most dramatic change in
pricing. In 1979, the basic LNA had
a 120-degree noise temperature
(figure) with 50 dB of circuit gain at
a cost of over $1500 per unit; but by
year's end, prices had dropped to
around $1195. Not only that, but its
original function and use has been
significantly modified by creative
system designers, as well.

In 1979, an LNA was simply a
“low-noise gain block” designed
to provide a suitable low-noise
front-end for the receiver that fol-
lowed. I1ts job was to supply
enough RF signal-gain to over-
come the coaxial cable’s line
losses between the LNA and the
recejver. It was powered by a DC
supply that ranged from 15-25
volts. Power was fed to the LNA
through a palr of weather-proof
wires from a power connector lo-
cated on or at the receiver. Back
then, the basic LNA was virtually
the only one offered.

FIG. 1

* Publisher, £SD magazine
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G

UPTO 200 FEET
OF HELIAX CABLE

BOB COOPER, JR.*
SATELLITE EDITOR

15 T0 25 vOLTS OC
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TVROD

.
RECEIVER
WITH DOWNCONVERTER

N

HELIAX CABLE — ouTpOQR IFTO
{ | INDODA
DOWNCONVERTER AECEIVER
LOW-COST
¥ R 59U CABLE
UPTD HUNOREDS OF FEET
OF LOW-COST AG 55/U CABLE T0
LNA AND < INDOOR
DOWNCONVERTER RECEIVER

3

Today, however, the dealer has a
wide list of options available: Vir-
tually any noise temperature from
120 degrees down to 60 degrees;
almost any gain from 30-55dB, and
models with or without isolators.
Also, the price of an LNA has
dropped significantly. Now deal-
ers are paying under $100 for an
LNA.

The basic LNA (see Fig. 1) now
has a 100-degree or lower noise
figure. {Lower noise temperature
means lower noise contribution,
hence, improved system sen-
sitivity.) In addition, the unit is
now powered through the same
coaxial cable that connects the
LNA to the downconverter portion
of the receiver.

WWWW.americanradiohistorv.comm

FIG. 2

Downconverters

1n 1979, the 3.7—4.2 GHz output
of the LNA had to be driven in-
doors through {(relatively} “lossy”
cable—sometimes as much as 200
feet of the stuff—to the downcon-
verter located inside the receiver,
as shown in Fig. 2-a. In those days,
bulk gain in an LNA was important
becauseimmediately after the LNA
was bulk loss because of the inter-
connecting cable. (What was lossy
cable at 4 GHz was probably not
lossy at 70 or even 1200 MHz.)
However, that situation soon
changed.

First, downconverters were
taken out of the receivers (see Fig.
2-b) and installed in their own
weather-resistant housings, allow-
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Electricity and water dont mix. Al
Jeast not in our Heavy Duty Digital
Multimeters. Because these Oops
Proof™ instruments are protected
by a system of seals to ensure
contamination-free dependability
in even the cruddiest conditions.
Other abuse-proof features
include the best mechanical pro-
tection ever built into a precision
Digital Multimeter. In fact. every
one of our Oops Proof multi-
meters will survive a drop from
ten feet onto a concrete surface!

All the Heavy Duty series
meters measure up to 1000 volts
AC and 1500 volts DC, with full
overload protection to those
maximum voltages even on the
lowest range settings. Overload
circuitry also provides transient
protection to 6KV on all voltage
ranges and up to 600 volts on all
resistance ranges.

\Ve also invented a unigue.
long-life rotary switch for our
Digital Multimeters. You can actu-
ally feel the difference just by

Our lips are sealed.

D 1984 Beckman Industrial Corporation. A Subsidiary ol Emerson Electric Compary.
; o ey Draeonen (i s, e

rotating the function selector knob.
Youll find these features in

a full line of Heavy Duty DMMs

that offer a 4% digit readout.

0.05% VDC accuracy, a [0-amp

current range, a 2000-hour battery

life. diode test, true RMS and tem-

perature measurement, All thisand

a no-questions, one-year warranty.
You'll want to try one out,

of course, so drop into

vour nearest elec-

tronics distnbutor

and drop one.

rikrman [nodisstrial’
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ing them to be mounted right at
the dish (usually to the rear). Now
the microwave energy had to trave!
only about 10 to 20 feet through
lossy cable before it was downcon-
verted to a lower frequency (i.e.
the IF}, which meant less signal
loss.

With |ess signal loss expected,
the gain of the LNA could be
scaled down to the 3045 dB re-
gion. That helped reduce the price
of LNA's (fewer gain stages equals
lower cost). Next, prices for GaAs

FET's, used in LNA's, dropped dra-
matically—from $500 each in 1978
under to $5 in 1984—as volume
went up.

Then some clever engineers
found that the isolator portion of
the LNA could be eliminated if you
were extremely careful about how
you designed the balance of the
LNA, and were equally careful
about how you installed and used
the unit. (The isolator cost $30 and
up and also added circuit noise to
the LNA In front of the GaAs-FET

SATELLITE TV/

The First

Five Years!

THE MOST COMPLETE reporl on the mushrooming
home TYRO industry ever compilad, written as only the
‘father of TVRO' could have prepared. More than 1000
pages (f) tracing the compiele story of home TVRO,
lavishly illustrated with equipment pholos. schematic
diggrams, equipmerd analysis reporis. Bob Cooper,
the first private individual to own and operale a TVRO
{1976) has collecied and polished hundreds of indi-
vidual reports into a unique “collector's edition” which
clearly explains the TVRO phenominen in North Amer-
ica. From Coop's hrst 20 toot ‘monster dish 10 the
present day 5 fpot ‘C-band” TVROs. the fascinating
growth of TVRO eguipment and fis legal status unioids

TVRO dealer "Starter Kit"
availabhle

Bob Coopers CSD Magazine has ar-
ranged with a number of TVRC equip-
ment supplers to provide a single-
package of material thal wilt help intro-
duce you to the world of TVRO dealership
A short booklet wrtten by Bob Cooper
describes the siart-up pitialls to be avoid-
ad by any would-be TVRO dealer, in addj-
tion, product data and pricing sheets from
prominent suppliers in the lieid are In-
cluded. That package of materiail s free of
tharge and 18 supplied to firms or individu-
als in the electronikes senace business as
an introduction to the 1984/85 world of
seiling TVRO systems retail,

You may obtaln your TVARO Dealer
Starter Kit free of charge by wiiting on
company letterhead. of by enclosing a
business card with your requéest. Address
your inquines t0: TVRC STARTER KIT,
PO Box 100858, Fort Lauderdale, FL
33310. That kit not available to individuals
not Invoived In some form of electronics
sales and service,

amplifier stages.} Seemingly, that
was the best of both worlds—
lower cost and better perfor-
mance!

Finally, firms such as Dexcel/
Gould created hybrid units that
combined the LNA plus the down-
converter into a single contalner
{see Fig. 2-¢), eliminating the short
section of coax between the LNA
and the downconverter. Those
packages, called Low-Noise
Converter {(LNC), reduced by 1 the

RADIC-ELECTRONICS

s
=]

for you.

THIS TWO VOLUME SET Iolaling more than 1.000 pages is available for the first time
to readers of Radio-Electronics at special discount pricing. Originaily soid at $100
per two-volume set. & limited supply is now availabie ONLY through this advertise-
ment. PLUS. you will aiso recerve a specia; @xiraordinary bonus; the 200 page { +)
October 1984 adition of CSDCoop's Satellite Digest. This very special edition of
S0 is a best-seller in the TYRO ndustry, with the most comprehensive collection of
TVRO facts and frigures ever compiied. Combined with the 1,000 page ‘CSD
ANTHOLOGY report. you have instani réference 1o everything you will ever need lo
know abaut the state of the home TVRO industry. I is MUST reading far every persen
in, or thinking about 'getting inlo.” any segment of the home TVRO world.

number of pieces in a typical
TVRO system, thus, simplifying
dealer installation.

Synopsis of trends

As we enter 1985, LNA prices
have come down dramatically,
while quality (performance and re-
liability) has gone up. Many had
predicted that the development of
LNC’s would doom LNA’. After
all, who'd want to install an LNA
plus downconverter when one

—— SEND Cf 0 ANTHOLOGY/2 Vois_+ CSD Bonus.
— SEND €57 Ociober '84 Special Issue ONLY.

NAME COMPANY LNC could replace the pair?
However, things didn't quite work
A it 5 . 43 ’
PORESS out that way because LNC's are de-
CITY > _STATE P

signed (typically} to work with one
model receiver.

The dealer has learned or be-
lieves, that his maximum flexibility
occurs when he can separate the
LNA or LNC from the receiver so
you can "mix-and-match” to get

continued on page 120

FPayment: $60 US funds {Anthology + Bonus), $15 US tunds
CSD Oct. ONLY, payable “CSD ANTHOLOGY."

Shipping charges pre-
paid. Enter order to; CSD Anthology, Radw-Electronics
Magazine. 200 Park Av. 5., New York. NY 10003; or call
305-771-0505 tor credit card orders ONLY.
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FREE

catalog

Detector s More than just a catalog, a trustworthy
,/ guide to what’s new in computers
and electronics.

Triple-Trace
Oscllloscopa/Time-
Veltage Display

Ever since radio grew into electronics, the
ilustrated Heathkit catalog has been a
guide to new and exciting kit products for
people like you to build. To enjoy and learn
from, while saving money in the process.

What sets the Heathkit catalog apart is
its range of high quality products and
accurate information on every product
offered. And that's a lot of products —
over 450 separate items, including:
Computer hardware and software «
Robots » Precision test instruments

O LT s » Computerized weather instru-

Ham Radlo
Transcelver

Computerized
Weeiher Sislion

DI o A "‘fi:{ = ments « Solar hot water systems
Croprocessor gy S * Automotive and home ene
the pride. e o i 2 Broducts » Segun‘;:y devioes
With Heathkit, } = Color TVs and video accesso-
you'll discover the 1= ries » Quality stereo components
pride of accomplish- -~ * Amateur radio gear « Educa-
ment that comes with Mos| tional courses that lead from
crealing handbuilt quality Accurate the basics of electronics all
that is uniquely yours. o the way 1o high tech.

And you'll develop skills and
abilities in many technologies as
you follow the step-by-step direc-
tions through the building process.

You work confidently, always backed
by our simple promise, “We won'
let you fail

If you don't have the latest Heathkit
Catalog, you're missing some-

thing great, so mail the coupon now,
while you're thinking about it.

i 1B8M-PC Compallble
i Computers

e
S—

Zip

| e S HODT

A subsidiary of Zennh Electroniea CorpOralion
CIRCLE 86 DN FREE INFORMATION CARD

CL-774A

- - - '%
s | g:a‘l:h Company l
1, 020-264
s 'end NOW for your I Begion Harbor, Michlgan 49022 ) =
' i I Please send me the latest il |
It's the beginning of something great | Heathki Catalog Free. /B
for the whole family. = Name I
I Address I
-qe N |
‘Heathkit |~ |
I I
| I
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Professional Books That Help You Get Ahead-And Stay Ahead!

% Electronics and Control Engineers’
Book Club....

s Keep up with current technology
s Sharpen your professional skills
s Be ready for new career opportunities

THE MCGRAW-HILL COMPUTER
HANDBOONK: APPlications. Con-
cepts. Hardware. Software. Ed-
ited by H. Heims. 992 pp., 475 ilfus.
Everyihing you need to aboul to-
day's ter science and engineer.
INg is here in {Ary masSive Iredtore Loye
of miormation. Covers everythng trom
Hocsean algebra 1O hardware seleciion
techniques to artifstial inteligence. A
handy reference work thal brings you
right up to the minute!

21%721  Pub Pr, W43 Ciwt Pr. 34995

TRANSDUCERS: Theory and Ap-
glications. By J A ABocca and A.
Stuart, 497 pp.. 328 dus. Thoroughly
describes and Mustrate$ the theory and
operation of s wnportant transducers
used in sndustnal, communication.
medical, and olher applications. Pho-
tographs, drawnis. Bnd diagrams are
mcluded throughout This guistanding
introduction 10 a key element in elec.
lrgnic Instrumentalpn.

582997-5 Pub Pr. 32895 Ciue Pr, $24.95

ANTENMNA ENGINEERING HAND-
BOOK. 2/€. Edited by R. €. lohnson
and H. Jasik, with contribut.ons by 57
recagvzed authonities. 1,408 po.. 946
Hus This widely acclaimed Handbook
grves you the gudance need 1O solve
peotdems in antenna design and appli-
cation. I} provides detaled nformation
on physical fundamentais. patterns,
structures, and design techniques for
praclical medesn antennas.

290 Pub P, $958  Diub Pr. 162.58

RADIO HANDEOOMN, 22/@. 8y W. Orr.
1,136 po, more than ].300 lilus.
Here's the latest eddion of what is un-
versally regarded as the most usetul ret.
erence 0 the indusiry. IU's a “course’
in Commumcations, a lact-packed ref-
erence, and a how-to guide—all In a2
single book!

501442-6 Pub Pr. 52195 Ciub Py, 31795

MICROPROCESSOR APPLICATIONS
MANDBQOK. Editor.in Chief, D. F.
Stout. 472 pp.. 284 rilus. Atlast —2
reference guide to MiCroprocessor
apphications to help Yyou make your
systems timely, versatile, and
cost-effective.

617900 Pub Pr. 54183  Club Pr. $3145

MICROPRDCESSDR AND MICRO-
COMPUYER DATA DIGESY. 8y W. H.
Buchsbaum and G. Weissenberg. 336
pp.. 93 black diagrams, 106 pn con-
figurations, M you work with &lectronic
devices that use microprocessos of mi-
crocomputer af ted Cuwcuils, this
much-needed contans all the de-
tailed techmical dala tor evéry micro-
processor [C thal 1s currently fisted as
a "slandard,” 0if-the-shell item.

3828359 Fub Pr. 32995 Civbpr. 32250

HANDBOOK OF ELECTRIC POWER
CALCULAYIONS. Ediied by A. Seid-
man, H. Mahrous and T. G. Hicks. 448
pp., 300 iius. Here are 285 tested and
proven procedures for handling the
eleciric power problems most fre-
quenily encountered in actual practice.
You'll find ingentus, Lime.5aving wa
10 calculate fuel costs. motor effi-
ciency, and power output,

Sh081T  Pub Pr, $41.58  Ciob Pr, 521 30

s Boost your earning power

New mmembers!
Any one of these great

professional
books
foronly

S 89

as a premium with your

1st selection!

HANDBOOK OF PRACTICAL ELEC-
TRICAL DESIGN. 8y J. F McPartland
416 pp., 300 dus. This volume pro-
vides a siep-by-step explanation of de-
signing electrical syStems for indus-
trial, commercial, and resident al
applications. Packed wilth helptul tips
for saving bt and comphnng with code
requirements from beanch circuits to
wiring size

456951 Pub. Pr. 44095 Ciub Pr, 32750

DIGITAL LOGIC DESICN. By B. Holds-
worth. 338 pp.. 192 dius. Al of the
recent advances n digital design tech-
!;ll.gues are presented indepth, It's
h a lex| covering bawe concedts and
a practicat guide to desiEn techmques
for combinational, clock-driven, and
event-driven circuils.
502951-9 Pub Pr. 33995 ClbPr. 52750

ELECTRONICCOMMUNICATIONS
SYSTEMS. 8y W. D. Stanley. 566 pp.,
us. Emphasizing the Signat-poocess-
ng functions of modutalion and de-
modulation operation, this book pre-
sents the essentials of electronic
commurfcations i a logical, step-by-
Step sequence,

SU20M-0 Pub Pr, $2595 Ciub Pr. $20.95

Spectacular values up to $95.00

MODERN ELECTRONIC CIRCUITS
REFERENCE MANUAL. By J. Matkus.
1,264 pp., 3.666 creurt dagrams.
Complete wilh values of components and
suggestions tor revisions—plus the
onginal source of each Circuit in case
you want additional performance of
construction oetals.

A48 Pob Py 37695 Ciub Pr. 35795

ELECTRONICS ENGINEERS' HAND-
8OOK, 2/e. Foited by O. G. Fink & D.
Christiansen. 2,272 po, 2,189 ilus.
This updated and enlarged edilion cov-
ers ail the latest knowledge in (he field.
nCluding new advances In integraied
gircuits, puised and logic Circuits. laser
technology, telecommunications, and
much mang.

209912 Puk Pr, 38250 Cich Pr, 56393

DIGITAL CIRCULTS AND MICRO-
PROCESSORS. By H. Taub. 668 5p..
heavily iftus. This fast-paced. care-
fully written guide gives you thor-
ough explanations of all the basic
F’i"‘::f"e.‘ of digital systems and
ogit design—Dius a solid introduc-
tion to microproces sors and micro-
processor-based designs.

629455 Pub Pr. $37.80 Ciub Pr, $26 50
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INTRODUCTION TO MICROWAYE
ELECTRONICS. 8y T.C. Edwards 76
pp.. dus.. softbound. Elwmenaling un-
necessary theary and mathemal K5, this
book provides you wilh a lucid overview
of miCrowave engineering and the de-
vices and Cicuils being used today.
Helpful even if you have only limitec
experience with micrawave electronics.
523000-2 Pub Pr. $1495 Civt Pr. 51095

THERMAL COMPUTATIONS FOR
ELECTRONIC EQUIPMENT. By G. EI
tson. 336 pp , 220 Mus. Arms you with
the mathematical tools you need (0 pre-
dict. quethly and accurately. the tem-
atures i slectronic sgqupment cocled
conduc tion, radiation, and natural o
forced convection. Includes feady-lo-
fun computer Pograms that ulilize both
conlinuou$ analytic and finfte element
approaches
§82964-9 Pub Pr. $3450 Ciub Pr. $24.95

PRACTICAL DIGITAL QESIGN US-
ING ICS, 2/€. 8By ). D Greenlield, 717
pi., ius. This revised and expanded
Second Edibon of 2 popular guide shows
how to gel the most gut of a wide ranfe
of popular integrated circuits, Whal's
more, it contains the specialized know-
how today's designer needs Lo interface
1Cs with MICIOPIOCessors.

502953-1 Pwb. Pr, 52595 Club Pr. $19.95

INTRODUCTION TO RADAR SY5-
TEMS, 2/e. By M. 1, Skalnik. 698
£p.. 244 illus. This new edilion of a
widely used text on radar from the
systems engineer’s point of view
brings you full discussions of the
many major changes that have oc-
curred in the field recently.

5719/091 Pub Pr. 34180 Civb Pr. 52100

SYTANDARD HANDBDOK FOR
ELECTRICAL ENGINEERS, 14/e. By
D G. Finkand H. Beaty. 2,443 pp..
1.414 iltus. Today's most widely
used source of Blectrical engineer-
ing Itormation and data serves
you as no other Smgle work when
you need detailed, timely, and redi-
able facts .

209741 Pub Pr, 57995 Ciub Pr. $62.%5
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MICROWAVE SEMICONDUCTOR
CIRCUIT OESICN. By W A_ Davis. 416
pp. heavily iflus. Provides in-depib cow-
£rage On miCrowave circuit analysis,
assive micfoweave CoMponents,
impedence transformers and catwls.
broadband direchonal cOuplers, me-
chanical realization ol selected trans-
musshon lines, CAD, CAM and CAT, char-
acteristics of amphivert and 032 iNators,
noise, statistical thermodynamics and
P Junction theory.
S8044-2  Pub. Py, 4750 Cuub P, $35.50

OPTICAL FIBER SYSTEMS: Tech-
nology¥, Deslgn, and APplica-
tions. By C, K. Ka0. 197 pp., fius.
From a basic explanatien of optical
fiber systams to the economic
ramifications of their use. this vol-
ume Provides lull coverage of a
rapidly ehanging fie1d.

33410 Pub Pr, $3350 Club Pr, $2395

MCGRAW-HILL ENCYCLOPEDIA OF
ELECTRONICS AND COMFPUTERS.
By S. P Pavker, Ecitor-m-Chref. 960 pp.,
1,266 dlus.. outsired 8V x 11 forrmat-
It's a single-volume library that covers
the entwe world of electronlcs from Edi-
won'y work in electncity nght
wp to optical tiber Communcations.
controt systems, lasers. radar, TV re-
Ceivers, artificial intelligence, and
computer storage lechnology.

454076 Pub Pr. 367.50 Club Pr., 34150

ELECTRONICS ENCINEERING FOR
PROFESSIONAL ENCINEERS EX-
AMINATIONS. By C. R. Hafer. 336
pp., more than Mus. Actually
two books in one—a guick Drepara-
tion manual to helP you Pass your
PE. exams on the first try and a
rich source of practical electronics
engine®ring information and
k- hiow.

254:303 Pub Pr, $32.50 Club Po, 32330

Why YOU should join now!

B BEST AND NEWEST BOOKS [N YOUK FIELD -~ Books are selected from a wide
range of pubtishers by experi editors and cansullania lo give you eontinuing access
10 the best and latest books in your field.
® BIG SAVINGS —EBulld your library and save money tool Savings ranging up o
30% or more off publishers’ tlst prices —usually 20% to 25%.

HANDBOOK OF MICROCOMPU-
TER-BASED INSTRUMENTATION
AND CONTROLS. By 1. D Lenk. 307
pp., 227 us. Dhgital ar microcompu-
ter-based instrumentation and COnml
systems can be wery Comphcated —or
relatively wmple—depending on the
application W0 this book boih systems
are described and fusirated—and many
examples of actual systems now in use
in industry are Included throughout.

582866-9 FPub Pe, 32295 Ciub Pr. $1£.95

COMPUTER METHODS FOR CIR-
CUIT ANALYSIS AND DESIGN. 8y ).
Viach and K. Singhal. 656 pp., Mgd-
Jus. Computational methods have be-
come an ntegral parl of cirguit analysis
and design. And » solid understanding
of the bavics of compuler-aided design
is a must lor engineers who wanl Io
achieve their career obpactives. This seif-
teaching book provides that know-how
in a logical, easy-to-folow presenla
tion,

5828553 Pub. Pr, 34250 Club Pr, 33395

SENSOR AND ANALYZER KAND-
BOOK. By H.N. Norion. 562 po.. tius.
Covers 50lid+ and Nuid-mechanical
quantities as well as acoustic, thermal,
I, nuclear, electrical. and mag-
retic quantities . . . chermical proper-
lies and composition . . . electromet.
n¢. thermal, ionization, chromota-
graphic, and specticadiomelric analyz-
&% . .. magnel resonance and mass
spectrometers . . . and surface analysis
InStruments.
582808-1 Pub Pr.$39.95 ClubPr, 32995

_JVK
Gt

Be sure to
consider these
important
titles as well!

LARGE SCALE INTECRATION; De-
vices, Circulls, and Systems By M.
). Howes & D. Y. Morgan

SAZES10 Pl Pr. 13595 Cha B SO0

MICROWAYS SAMICONDUCTOR
ENGINEERING. By J. F. Whnte.
525530 Pl P, 3150 O Py 52535

MICROPROCE SSOR SUPPORT CHIPS:
Theory, Cesion. sad Appilca-
tlons. By 7.4 Byers.
MU P LIS e P 3NN

ENGINEERING FORMULAL, /8. By
K Gieck

Ny MM IUY ocwibg W
ELECTRONKCS  CIRCINTS  NOTE-
BOOK. £0iled by §. Weber.

1244 Peb Pr, 51558  Cheb pr. 32150

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

MAN P P 3300 Ched Pr, 52198

HANDROOK OF OPERATIONAL
AMPLIMHER CIECUIT DESICN. By D
Stout & M. Kauiman.

BT Peh Pr 3365C  Cheb Pr S8

ENGINERRING MATHAMATICE
HANDEQOK, 2/8. By J. ). Tuma

Peb Pr, SMS0 Ol P VIR SS

PCM & DICITAL TRANSMISSION
SYSTEMS. By F F. Owen
419542 b Pr, S5 Dea M SNAES

SIGNALS AND SYSTEMS. By A Dp-
penhean. A, Willsky, and |, Young

SN P P, 332 Cheb P, 32598
DIGITAL COMMURNICATIONS. By )

Proais
2 AN ST b P SHX

MAIL TEHS COUPON TODAY

| BookClub®

wrine Code No. ol
52 43 selection here

¥McGraw-ilill Book Clubs
Elecironics and Conirol Engineers’

PO. Box 582, |lighisiown. New Jersey DA520

Please enroll me as a member and send me 1he o
books indicaied, billing me for Lhe $2.89 premium and
my firs aclection al the discounted mewnber’s price,
plus local tax, shipping. 8nd handiingcharges 1agree
1o purchase 8 minimum of 1wo additionsl books dur-
ing my firsl voar of membership as aullined underthe
Club plan described in this ad. A shipping snd han-
dling eharge i aldded 10 a1l shipmenia.

write Code No of
firsl selection here

Book Plan thai allows

BONUS BOOKS—You will immediately begin Lo participaie in our Bonus
u savitgs up to 70% ofl the publishers’ prices of
many professional and general Interest booksl

® CONVENIENCE —12-14 times a y®ar (aboul once every 3-4 weeks! you recefve
the Club Bulletin FREE. It fully describes ithe Maln Selection aatl Alternaile Selec-
tions. A dated Reply Card is included. Ilyou want the Majn Selection, yousimply do
nothing — it will be shipped automatically. If You want an Allernate Selection —or
no book at all —you simply indicaie it on the Reply Card and return it by the date
specified. You will have at least 10 days to decide. I, becsuse of Iae delivery of ihe
Bullkelin ¥ou receive 8 Main Selection you do not want. you may return il for credi

sl the Club's expense.

As a Club member you agree only to the purchase of three books lincluding your
first selection] during your firs1 vesr of membership, Membership may be discon-
tinued by elther you or the Club st any lime afier you hav: purchased the first

selection plus two additianal books

her MoGraw-Hill Book (lubs:

Architects’ Book Tub * Hyle Book (Jub * Chemical Engineers’ Book (Jul
+ Civil Engineers’ Book Club » Mtechanical Engincers Book Club

For more infor mation. write to:

McGraw-llill Book Clube, P{L Box 382, 1lighistown, New Jersey D8520

Signaiure

Name

Address/Apt #

City Bl AL
| state. __Zip
|
This onder sulect 10 scceplanee by McoGraw- L AN
prices subject ta change withoul notice. OMer good
only to new members
E33T716
__ L
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LETTERS

CLOSED-CAPTION TV SIGNALS

Perhaps we can provide some of
the information John Bunting
asked for in the August 1984, “Let-
ters” column relative to closed
caption TV signals. PBS stations
helped pioneer the process, first
with the National Bureau of Stan-
dards system in the 70s, and then
with the current system.

In theory, it should be relatively
easy to extract the transmitted
characters, but one will not be
able to obtain the full caption
function with “a few dollars worth
of chips.” First, it is necessary to
look in the right place for the cap-

lion signal: line 21, the last line of
vertical blanking before the start
of picture information. Second,
the decoder has to distinguish be-
tween field 1 and field 2 of each
frame, because the actual charac-
ters are only transmitted during
field 1. {Only half of line 21 can be
used in field 2, and that is reserved
for a framing code that determines
when and where the text will ap-
pear on the screen.)

The format of field 1, line 21, is as
follows: 10 microseconds after the
start of the horizontal-sync pulse,
exactly 7 cycles of 503 kHz sine-
wave appear. That is phase-locked

WRITE TO:

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

to horizontal sync, and is used for
synchronizing the decoder clock
oscillator. About 4 microseconds
later, the pulse sequence begins,
consisting of two 7-bit (plus parity)
ASCI characters in non-return-to-
zero (NRZ) format. The two
Characters occupy a little under 34
microseconds. That is true for only
7 consecutive frames, however;
the eighth is used for a reference
pulse that allows the commercial
decoders to adapt to a variety of
distortions that the transmission
system may induce. Neither the
framing code nor the equalizer
pulse would be feasible to de-

o 1C PRECISION

Jerrold Cordless Cable

T.V. Converter

MDDEL LCC-58 (Special

95

ANY QUANTITY

‘6

OEINhYRON

ELECTRONICS
170 Amsterdam Ave.. New York, NY 10035

JERROLD

“THE SOLDER STATION”

WELLER XCELITE
CONTROLLED-OUTPUT
SOLDERING STATION

A

MODEL WTCP.R 3 ]

‘69” PTA.T=TIPS

MODEL DM-2802

‘4995

Fasiuras Include
= ama) e
« COMDINE BUI0TaNgIng

SHIPPING CHARGES
Par Orders 240D
424 - 100 5 50
4100 - 3560 $4.50
$500. 4750 310 50
ATS0 and u $15 00
Parcel Post 520 00

2T PRECISION

The DM2B02 I the smalles) DISIAI muilimetsr ¢n the
markel. Ha Probe-style dellgn makes il ieal tor taking
measuramaniy bn hart.lo.resch eyl Area

*+ “Youch hold™
* sudibke conmInulty cHecking

Send Purchase Order. Check.
Money Order or C.O.D.

or Call Toll Free
800-223-0826

RADIC-ELECTRONICS

(]
LY

B Write lor FAEE 136 page Calalog @l

MASTER CARO * VISA in N.Y. Slate {212} 865- 5580

CIRCLE 252 ON FREE INFORMATION CARD
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WE'RE TUR

GREEN WITH ENVY.

NTE is the red hot success story of the electronics
industry and the big boys are green with envy.
They don't like the fact that we've built our
reputation on giving you more of what you're
looking for in a replacement part. More quality.
More reliability. And, more parts to choose from.
That's why more and more technicians across
the country are picking the package with the
green NTE diamond on the front.

NTE parts are extensively tested on state-of-the-
art equipment during every phase of production
to ensure top performance — performance
that's backed by the industry’s only two
year warranty.

What's more, NTE uses a special computer
controlled inventory system, so when you
replace or design with NTE, you can be sure that
the part you need is on your distributor’s shelf.
Our new 1985 Technical Guide and Cross
Reference manual, which has over 3,100 NTE
types cross-referenced to over 220,000 industry
part numbers, is nOw available.

Why settle for our competitor’s parts when you

get more quality and service with NTE? Look for

NTE's replacement parts in the bright green
polybags and cartons at your distributor today.

Don't forget to ask about our new Flameproof

Resistors and Wire Ties, too!

-

NEw -TONE ELECTRONICS., INC.

44 FARRAND STREET, BLOOMFIELD, NEW JERSEY 07003
CIRCLE 272 ON FREE INFORMATION CARO
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(== (Banner)

= ATDMAMIACS 1M/
ER. A G ) ELECTRONICS, INC.

HITACHI

Hitachl Densh, Ltd

PORTABLE OSCILLOSCOPES

MODEL ¥212 746].00

DC to 20MHz, 1 mV/div, Dual
Trace

wooeL w1050 9 1276.00

$956.00

MODEL ¥-650F

Feature 68" Rectangular CRT
Full 2 year parts and labor
warranty.

DC to 60MHZ, Dual Trace
Delayed Sweep

DC to 100MHz, Quad Trace,
Delayed Sweep.
- All prices include full set of

factory probes - up to $120.00
value.

LEPolaroid CR-10 Camera

Now you can get an Instant
picture in black & white or color
from any o8cilloscope screen
inciudes CRT hood

*Large hoods alsoavailable tofit
computer termlnals and CAD/

CAM screens.
$369.00

GLOBAL SPECIALTIES
TRIPLE OUTPUT POWER SUPPLY

GLOBAL SPECIALTIES

—— i
D1 = - °3
DIGITAL PULSER $83.00

& Senzes staie of node, preasts pulse polarity
®  Short circuit Protacted, circult powerad
* Handhek! didital signal injector

PROTO-BOARD

Langth = T.47
Width m 4.5

14 pinIC capicity = 12
Terminals = 248
The paints = 1240

s ez $34.99

PR vrieLe ouTPuT

POWER SUPPLY

L

il =
NOOEL 1301 $219.00 e - B
Fully ragulatad tripie output
* Fixea SVDG, 1A MODEL 1550 $319.00  oweac wosic prose $19.95
* V1 4+ 5VDC 1018 VDC 5A e Use 1o 50 na 10 MHZ
* V2 —5VDCto t8 VDC 5A ® Functlons as three separate e Cirgult powared, portable
¢ Fully automatic current limiting suppiles ® Compatible with most logic tamiles

Exclusive tracking circult

Fixed output 5 VOC, 5A

Two 0 to 25 VDC outputs at 0.5A
Fully automatic, current-limited
overioad protection

+ and — terminals of each cutput
are fully Isclated, In all modes
All three outputs may be con-
nacted in series or parailel for
hlgher voitage or current

~r ELECTAC INDUSTRIER INC.

Frotmiven Tt Lasr vty
DC POWER
SUPPLY

$125.00
MO 0EL 3002A/0-30 ¥0C/0-2A

DIGITAL CAPACITANCE METER

Battery opersied

3w aigit LCD display
Range 1 PF to 2,000 UF
0.2% basic accuracy

MODEL 3000

$139.00

CALL uS TOLL FREE B Muster Charge TN ADD FOR SHIPPING AND INSURANCE

® VIBA 8 COD hoo $0 1o $280.00. 5450

1 -800-732.3457 B Money Order $251.00 10 $600.00....... 650
IN CALIFORNIA TOLL FREE D@ E $501.00 10 8T50.00. $b50
$781.00 10 $1000.. $12.50

1-800-272-4225 COU'a axtra reouirad 25% Uepost)  aver $1000.00 . .. 81600

RAG ELECTRONICS, INC. /21418 Parthenia Street/ Canoga Park, CA91304 /1-818-998-6500

4V Smith @HITACH! e . P a1 WINE NNEEE

WWWW americanradiohistorv. comm


www.americanradiohistory.com

([elPiara PRECEION

v A bt el A

Prow s Tomr 1

ATACAM

-_— LLECTRO lNDUSﬂIZS INC IFLU KEI

Gﬂont SPECIALTIES H H ” E .3

GIANT 14th ANNIVERSARY SALE!

70 SERIES MULTIMETERS

[FLUKE]
——

¢ Analog Display ® Rotary
Knob & Volts AC& DC ® Resis-
tanceto ® 32 Mxe® 10 Amps e
Diode Test ®# 3200 Counts
Fast Autoranging ® Function
Annunciators in Display ¢ Power-
Up Seif Test ® 2000+ Hour
Battery Life w/Power Down
“Sleep Mode” ® New Test Leads
¢ VDE & UL Approval

$99.00 77 $129.00

73 $85.00 75

¢ 0.7% Accuracy + 0.5% Accuracy 0.3% Accuracy
¢ Autorange Only ® Manual or c Manual or
¢ 10 Amp Only Autorange Autorange
e 10 A + 300 mA ¢ 10A + mA Range
Range ¢ Besper
¢ Beeper ¢ "Touch-Hold
Function

WE CARRY A FULL LINE OF FLUKE MULTI-METERS,
COUNTERS, AND DIGITAL TEMPERATURE METERS

4% DIGIT MULTIMETER

Frequency measurements to 200KHz
dB measurements

Basic dc accuracy 0.4%;

104V, 10 nA and 10 mQ sensitivity

True RMS 3349 l]l] \

MODEL BO60A

High-speed Beeper
re). PORTABLE 0SCILLOSCOPES

MOOEL §5-5705

$899.00
DC to 40MH2

Vertical and horizontal deflection

accCurate within £2%. CRT acceiera-

tion voltage 12KV. 3 channels,

8 traces High precision caiibrator

(11%1 Fastest sweep ratec 10 ns.
High sensitivity 1 mw/div

3535 00

MODEL $§-5702

DC = 20MHz, 5 mV/div
Dual trace
6 inch rectanguiar internal graticule

. CH? signal output CRT.

& Beam finder Includes 2 each x1/x10 probes and
® Delayed sweep full factory warranty; 2 years on parts,
® Alternaté time baSe labor and CRT.

CIRCLE 266 ON FREE INFORMATION CARD

Audio ana/Sq uare

Wave Genarator
*  Distortion from <0.03%
* 10Hz 101 MHE

o PRECISION

FUNCTION
GEMERATOA

$189.00

H(I(IEL 3010
Sine, 3quare and Idangle oulpul

& variabik and fixed TTL oulbuts

0.1 Hz 101 MHzZ in sx ranges

Typical dislortion under 0.5% from 1 Hz to 100

.
.
ke

" Variable DC offssl
* VCO mpul lor sweep tests

MULTI-FUNCTION
COUNTER

\IZ

MODEL wD-755
5 Hz 10 125 MHI

$259.00

Period Maasurement 5 HZ 1o 2 MHZ
Totalizes to 59.099.999 Pus Overflow
Fraquency Ratk Mode

Tim® Interval Mode

Switchable Altenuator & Low Pass Fiter

RELAY YOM .

. 5-way pretaclion

$49.00

MODEL WY-532A

& Fast rolay oPens put circun on overgad
Lamp indicates whan ralay is Opan
Easy-sccess ballely compirtment and test-
lesd sloragea

High-accurmcy. £2% DCV, £3% ACY

3-10-1 ranges (ke VTVM)

Large, 5% mirros meter

Fronl anel and mater SCRles coded bn 3
colors for Quich function identilication
Battery-conditien indicalor [or overlond
protection circuit

fH=Rm

VARIABLE
TRANSFCAMER

$145.00  mooeLapnicioy

RAG CARRIES THE COMPLETE STACO
VARIABLE TRANSFORMER LINE

CALL VS WITH YOUR REQUIREMENTS.

=Polaroid Shimpo  Simpon  PRIMELINE €§5TACD
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code, so the experimenter would
probably want to display the data
stream on a separate monitor.
Itwould appear that teletext and
closed-caption signals are quite
different, whichis reasonable con-
sidering the difference in targeted
audiences. The closed-caption sig-
nal transmits data at a much slower
rate and might appear to be less
efficient. Itis still capable of trans-
mission faster than most people
can read, though, and the slower

rale enables reliable data recovery
even at the outer regions of a sta-
tion's coverage.

Teletext, on the other hand,
must be more things to more peo-
ple, so it necessarily must be fast-
er. That is accomplished by higher
baud rates and use of more lines.
Mr. Bunting might be interested to
know that lines 1013 are not in
general use, but according to the
FCC’s timetable {Section 73.682,
Schedule 1) will become available

VIEW 8 TRACES ON YOUR SINGLE
OR DUAL TRACE SCOPE WITH THIS
LOW COST DEVICE!!

Now you no longer have 1o spend
thousands on an sxpaninvg multe
trace oaciloacobe - OUr single Irace
Hitachl scopas combined with this
modules will &lkow you 16 view up to 8
timultaneousty occuring anakog ar
digital {or both} signais in their real
Uime end ampiitudes reldli¢nahip. The
MPX 101 may be usad on &ny Oscil-
koscopd, whelher single, dusior muk-
lipie lraces. 1S kow COS! makes it &
panicular lavorite for designers. test-
ars. hobbyiste and repairmen who
want to compara and anafyze dis-
played signals in & timing dh?ram
tormat. The €Ontrols on tha front
panal of the metyl casa aliow you to
val¥ amPlituda and Spacing of the
dispiayed signals.

MODEL MPX101
FULLY ASSEMBLED & TESTED!

A e

WARRANTY
= Made In The United States -

150 mv/step @ SV Input
Multiplex Rate: Swilch seteclabie. 40
KHz or 4 KHz
Impedance: 50 Ohms
FPower: 10S-13SVAC @ 1 V a
Dimensions: 6.25" x 3.258" x
4.75" (WxHxD)
Operating TempPeralure: O-40°C
Woeight: 1 I1b. 10.5 oz.
Warranty: one year full réplaceément
warranty from date of purchase

SPECIFICATIONS

Inputs: & signals plus ground via 9
nput teads terminaled with alliga-
tor cllps

Bandwidth: £ 1¢8 lo § MH2

Impedance: 10.9 K

Input Voitage: £ SV peak {diode
clamped to £ S Volt suppiies)

Cutpul: Staircase wavelorm summed
with Input signals, 0-800 mV
full scale

Step Amplitude: Variable O to 150
mv/ step Lighted on/off power switch

Signal Voltage: Variable O to Wood grain finished metal case

DISTRIBUTOR AND REPRESENTATIVE INGUIRIES INVITED

S JE

W .
i e
E.W.ENGINEERING, INC.

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

RADIQ-ELECTRONICS
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in 1988. Lines 1418 and 20 (both

fields) are currently used, al-

though some stations still use cer-

tain of those lines for test signals.
We hope that information will

be useful to Mr. Bunting and any

others interested in this new area

of TV technology.

JOHN H. DAVIS

W/SP-TV

Warm 5prings, GA

ANOTHER ONE JOINS THE
RANKS

You can add my name to the list
of those who joined your ranks
from Computer & Electronics, {for-
merly Popular Electronics.)

| had been reading and/or sub-
scribing to Popular Electronics
sinCe 1964, but no more once they
became Computer & Electronics.

By the way I've got nothing
against computers, since | design
PC boards using a CAD (computer-
aided design) system and have a
Radio Shack TR5-80 Color Com-
puter at home. But everything has
its place, and changing their for-
mat to one that covered comput-
ers almost entirely was a bad
move. | had always locked forward
to building the various projects
they (and also your magazine)
published.

Before | sign off, maybe you or
your readers can help me. I need a
schemati¢ and parts list for a
Southwest Technical Products
Corp. project called Psychedelia
I, a color organ kit that needs
repair. | hope you can help.
RICHARD C. POLK
Streamwood, IL

ZX81 OWNERS ALIVE AND WELL

Thanks to you for running the
article on “Interfacing the ZX81.” |
Just received my July issue of Ra-
dio-Electronics, (the mail takes a
whife) and 1 am delighted with the
article. Also appreciated was the
previous article by Paul W.W.
Hunter on the 8K transparent
memory for the ZX81. | estimale
that there are on the order of two
million ZX8T and Timex 7000
owners scattered about, and al-
though our prime supplier Timex)
and prime publication {Sync) have
bitten the dust, we remain alive
and well.

JESS PEELER
Costa Rica, Central America R-E
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BECKMAN'’S

CIRCUITMATE *

ALL UNDER $100

AVAILABLE NOW. . ..

564 %5

Clrcultmate OM 20—
3V digit, pocket-size
multimeter; 0.8% Vdc
accuracy, dioda test,
hFE 1est, conduciance,
10 amps AC and DC
rknges, aulo-polarnity
auto-zero, suto-
declmal

579

Circultmate DM-25—
3% digll, pocket-size
multimetar; 0.5% Vac
accuracy, dlode test,
capaciiance, contlnulty
baapar, COnduciance,
10 amps AC and DC

* 0.3% Accuracy

. R/Ia;nual or
utorange or .
* 10A + mA Range SERIES
* Beeper MULTIMETERS-
¢ “Touch-Hold”
Function s Analog Display  Rotary Knob = Volts AC &

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

Sale ends Jan. 85

3%-digit mullimeter;
0.8%

polarity, auto-zaro

Ive-diglt multimeter;
0.5% Vdc accurecy,
dlode test.contlnult
bes
and

FLUKE

DC = Resistance to = 32 M{l= 10 Amps » Dlode
Test » 3200 Counts * Fast Autoranging » Functlon
Annunciators in Dnsplat Power-Up Self Test

» 2000 + Hour Battery Lite w/ Power Down *‘Sieep

Mode” = New Test Leads = VDE & UL Approval

59900

75

7995

and free C70
holster 73

* 0.5% Accuracy * 0.7% Accuracy
. %&%L:g:jgé * Autorange Only
’EOA bl e 10 Amp Only
ange
+ Beeper NEW!
BECKMAN

CIRCUITMATE DM10

$3095

IN STOCK NOwW

¢ accuracy.
diode tast, suto-

auto-decimal

of. 10 amps A
ranges, auto.
28r0. autc-polanity,

auto-darifnli

The DM73 Is the smallest digital
multimeter on the market. lts
probe-style design makes it ideal
for taking measurements in hard:
to-reach test areas.

E 800-229"V" "

25 WEST 46th STREET, NEW YORK. N.Y. 10036

m"ga:'uf;;:%?':::g: sSmall Size  *“Touch HOIdt" |
decimal sComplete sAudible continulty
Autoranging  checking
cevorune THE TEST EQUIPMENT SPECIALISTS
oL
o 923-0474 ADVANC

ELECTRONIC

WWwWw americanradiohietory comm
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IF YOU WANT TO GE1
YOUHAVE TO GET INTC

Learn PC Servicing By Building Your Own NTS/HEATH HS-15
Desk-Top Computer, Circuit-By-Circuit

NTS Intronic Home Training
Takes You Below The Surface

NTS gets you nght down into the
heart of computer circuitry. You laam
how microprecessors function, how
they are designed, how they operate
and are used to solve problems. Your
program includes a wide variety of
tests and projecls, as you assemble
your PC. You experience the ax-
citement of saeing your own skills
grow, the security of knowing you
really understand what makes a
computer ick.

A Career In
PC Servicing

Tha worid of computers is
constantly expanding. Applications
have spread from business to manu-
facturing, Irom industry to medical
and scientific fields. Computer-aided
design, engineering. and produchon
have revolutionized drafting,
graphics, and prototyping. Computer
sales figures paint to a continuing
need for service fechnicians as well
asinstallation and maintenance
specialists. The type of training you
receive will largely determing your
ability to take advantage of these
opportunilies .... and nothing beats
the practical, down-to-earth training
you gel from NTS,

Leamning circultry through the construction of this
equipment offers practical ireining for which there

i8 no subattiuis. Tes! equipment s included.

HADIU-ELECTRONICS

~
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The NTS/HEATH 16-Bit HS-151
This desk-top PC is tha most powerful and
varsatile ever offered in any home training |

program. Check the advanced featuras

listed below: [
1. 128 KB RAM usar memory on board,
expandable to 640 KB

2. 16-bit 8088 Microprocessor accepls
advanced software, speeds word pro-
cessing; also allows selection from the huge
library of IBM software.

3. 5.25-inch floppy disk drive, double
density, IBM formatied, stores up to 360 K8,
{Expandable to dual disk drive, and optional
10.5 M8 hard-disk drive.)

4. MS-DOS operating system, IBM compati- |
bility, make a wide choica of software
programs avaitabie.

5. Four open 18M-compatibie slots provide
for future expansion. printer, medem, etc.
Will accept most peripheral boards designed
for IBM-PC.

6. Two video oulpuls for Color Or monNo-
chrome digplay monitor. Your NTS course
inciudes a high resolution monitor displaying
80 characlers by 25 lines, or graphics.

7. Ediing capabilities help you insert or
delete characters and lines, erase, jump or
smooth scroll, etc.

Your NTS training course will leach you to
program on this outstanding PC, using
lessons, taxts. and diagrams to make full use
of its capabilities. Catalog contains complete
details.

Fleid servicing ix interesting snd rewsrding.
Technicians may work f0r 8 service company,
manuiecluner, O Major users.

The NTSHEATH HS5-151 PC compisted, includ
itor end tuil-tunction keyboard with caleu:
style keyped. and typewriter format.

WWwWw americanradiohistory comm
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NTO PC SERVICING
A\ MICROCOMPUTER

L}

The stucent 10 use es! sQuipment such P
digilal probe shd a digital to oheek cireuts
and measury vo = Le currant texta

ogiphasining practical
oSN, A

Installing the disk-drive in the PC la one of the final siages in the sxsembly of the
microcomputer. Learning the use of test squipment to check circuits is an integrel part
of the training whict, with: fieid experience, deveiops invaiusblie carses akills.

NTS COURSES COVER MANY
AREAS OF SPECIALIZATION
IN ELECTRONICS:

Robotics: Build the NTS/HEATH Hero 1
Robot as you learn robotic programming.
Robot is complete with amm and gripper,
voice synthesizer. Robolics is bacoming
increasingly important in Industry as almost
daily news features attest.

Video Technolegy: Build one of the most
advanced Color TV sets In America as rou
leamn circuit diagnoslics, and the use 0
digital test instruments. Course covers color

, video tape recorders, computer
fundamentals, solid-state devices

Industrial and Microprocessor
Technology covers circuil analysis. micro-
rocessors and automation applications,

asers, and basic industrial robotics.

TV & Radlo Servicinﬁ is a specialized
course offering an excellent foundation in the
use and application of both anatog and
chgitai test equipment as applied to the TV
servicing field. Learn circuits. adjusiments,
trouble- shooting, and servicing of Color and
monoChrome monitors.

Digital Electronics offers ihe studenl the
opportunity to get involved with computer
concepts. computer lechnology
fundamentals, and digital equpment by
training on the NTS Compu-Trainer.

Basic Electronics is a course designed
tor those wishing to have an over-view of
electronics in many of its aspec!s including
radio receivers. solid state devices, and
electronic components.

NTS Intronic training programs include a
vanety of superb equipment, most of which is
classified as field-type, making the training

ractical and career oriented. Texts and
essons have been tested in our Resident
School In Los Angeies to assure hame Sludy
students their courses of lraining are 8asy to
understand NTS, now Inits 80th, year,
continues to be at the leading edge in
Electronlcs home training.

~ 150 % @ irscemark of infernanonal Business Mactunas Cowp
" MS i & trademark of Microsoh Corp

I Card s RSN, Simply write B ine adcreas Showr below sishng
the COLrSE YU 878 nteresied i A FREE color CALeiog with all
chtaits will D 3001 1o yous by redum il

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1805

Aevigent and Home- Stwdy Schools
4000 So. Figuerca St., Los Angelas, CA 90037

WwWww americanradiohistorv comm
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EQUIPMENT REPORTS

BECAUSE OF ITS HIGH PERFORMANCE
and low cost, the Commodore 64
has become one of the most popu-
lar computers for home-and-fam-

ily and school use. Unfortunately,
fts matching line printer leaves a
lot to be desired when it comes to
word processing of any kind. In

fact, there is no low cost formed-
character (daisy-wheel type) or
high-quality dot-matrix printer
presently available for that com-
puter.

The way to get high quality
printouts from the Commodore 64
{or VIC-20) is 10 use one of the
better printers and a Card/? inter-
face, a device that lets you use a
Centronics-type parallel printer in
place of a Commodore printer.

The Card/?
The Card/? interface from

Cardco, Inc. (313 Mathewson,
Wichita, KS 67214) is priced at $69.

GET THE SAME VIDEQ TRAINING
THE PEOPLE ATSONY GET.

Now you can be trained by Sony even if you
aren’t employed by Sony,

Because we're making our vast library of (rain-
ing videotapes available to you. The very tapes that
teach our own engineering, service and sales personnel.

The tapes cover the products and concepts of
video and its related echnologies. You can learn the
basics of video recording. Color systems.
Digital video and electronics. Television
production. And more.

Plus you can learn how to service
cameras.V TR, and other video products.
As professionally as Sony does.

The tapes are pro-
duced entirely by —
Sony and contain
up-lo-the-minute
information. They
communicate clear-
ly and simply. And
some of them are
even programmed for
interactive learning.

shop or sc

WwWwWw americanradiohistorv comm

CIRCLE 261 ON FREE INFORMATION CARD

And learning through video can be done al
YOur own Ence in the convenience of your home,
ocl. Reviewing is quick and easy. And
the tapes are always available for reference.
Send for your catalog, which lists more than
250 titles. In your choice of 3/4” or 1/2” formats.
\Vrite Somy Video Products Com-
pamy, Tape Production Services.
700 W. Artesia Boulevard,
Compton, California 90220.
Or call (213) 537-4300,

Of course, there’ no
obligation. Except the
obligation you have o
yourself: to find out
about the best train-
ing available in

one of the country’
fastest-growing.
mos! lucralive fields.

SONY.

Video Communications
W1 ey rademant of Seay Corp
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LOWEST PRICES
OFFE-THE-SHELF

OSCILLOSCOPES

800-645-9518

CALL TOLL FREE
FOR FAST DELIVERY

in New York State 800-832-1448

B&K Model 1580

100 MHz DUAL TRACE, DUAL s - L]
TIME BASE OSCILLOSCOPE 1 249
{Reg 3159500

FEATURES ¢ 1 mv/dw
sensitivity « 23 calibrmied
sweeps « Reclangular
CRT with internal gratr
cule and scale illumine
aton « Signal Delay Line
« Video Sync Separalors
s 20 MHZ Lirmner « X-Y
Operation « Z axs inpul
» 16 k¥ Accelerabng Vok
tage « X10 Sweep Mag-
nification » Delayea Sweep/Dual Time Base « Single Sweep =
¥V Mode - display two signals unrelated in frequency « Sum and
Difterence Capability « Channel 1 Qutput » Includes Probes

B&K Model 1570
80 MHz QUAD INPUT DUAL s 00
TIME BASE OSCILLOSCOPE 1095

- (Reg $1395.00)

FEATURES « ' my/div
sensitivity 10 full band-
wicith « 500 uv/div case-
ade sensitivity 1040 MH2
« 22 caliprated sweeps «
Rectangular CAT with in-
temal graticule and scale
ilumination « 12 KV ace-
elerating voltage « Mode
== - dis! four signals un-
related In frequencys

« Allernate imebase operation « Signal gelay line » 20 MHZ
bandwidth Hmiter » Lighted pushbution function switching

« Video sync separaiors  Inciudes probes

B&K Model 1560

60 MHz TRIPLE TRACE L3 -1

OSCILLOSCOPE 899
{Reg $1150008

FEATURES « 1 mA/div
sensiivity « 22 calibrated
sweeps « Rectangular
CRT with internal grat-
cule and scale lumina-
tion » Signaldelayline «
video sync separalors
XY operahon « Z axs
inpul « 18 KV accelarat-
ing voltage « X10 sweep
magnification » Dalayed sweep dual time base « Single sweep
» Auto focus » ¥V mode-di two signals unredaled in frequency
« Sum & diterence capability « Channel 1 oulpui « Inciudes
probes

B&K Model 1540

40 MHz DUAL TRACE $ 95
OSCILLOSCOPE 799
{Reg $950.00)

FEATURES « 1 mv/idw
sensitvty « 21 calibmted
sweeps » Reclangular
CRT with intemal grali-
cule and scale illumina:
ftion = Signal delay ines
Yideo sync separalors
X-Y operation » Z axs In-
put = 12 k¥ acceterating
voltage « X10 sweep
magniication » Delayed sweepydual time base » Singie Sweep «
Ao iocus » V mode-displays two signals unrelaled infrequency o
Sum & difference capability « Channel 1 output » InCludes pmbes

B&K Model 1522

LR S *569°
RI R
OSCILLOSCOPE {Reg $69500

FEATURES « 1| mv/div
sensitivity « 20 calibraled
sweeps » Reclangular
CRT with Inkemal graticule
and scale HumMiNabon «
Vicleo $ync separators e
X-Y operation « Z axis in-
put « 6KV accelerating
woltage « X10 sweep
magnificaion « Auto
swaep « Vmode-displays
two sgnals unrelaled in
frequency « Sum & differ-
ence capability « Channel 1 oulput ¢ Includes probes

MASTERCARD/VISA

ACCEPTED ‘S:;Nioc ggg.%hirplng

r - - arge ule
£501-750 $850
$751-1.000 $1250

PHONE ORDERS £1001 and up $1500

ACCEPTED

Fordham

260 Motor Parkway, Hauppauge, New York 11788

WwWwWw americanradiohistorv comm
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The unit consists of a small, light-
weight plastic box that measures
approximately 3% X 3 X % inches
with a Centronics-type connector
on one end and a cable on the
other end that terminates ina DIN
connector that matches the serial
output connector on the Com-
modore computerorits disk drive.
(When using a disk drive, the
printer connection is moved from
the computer to the disk drive.) A
single wire trailing from the
Card/#’s DIN connector is attached

to an adapter that slips over the
computer’s edge connector that
provides power and signal I/O for
the Commodore Datassette (cas-
sette) tape recorder. The wire
provides the 5-volt power supply
for the interface and still allows the
Datassette to be used.

The interface plugs directly into
the Centronics type connector on
the printer. (An earlier version of
the Card/? interface—called the
Model A; the model we are de-
scribing is the Model B—was

The new Maodet 1301 Triple Power Supply from Global

larger and had a ribbon connector
between the cabinet and the
printer connector.) Its operation is
completely automatic. When the
computer is told to output to the
printer, the interface converts the
Commodore’s unusual ASCI| out-
put to the standard ASCIl of the
printer. As far as the computer is
concerned, it "sees” a simulated
Commodore printer.

Cardco Card/?

OVERALL
PRICE

Specialties is designed to meet your DC voltage
, requirements for product development, testing, quatity
control, sarvicin

and education appli- INSTRUCTION
cations. This fully regulated power MANUAL

a ow cos source |s especially useful for analog PRICE
and digital circuit design and offers a Aw.ue

bl fixed 5 VDC, 1.0 A output which is ideal 3lals 89110]

wa 0 1 for TTL appllcations. In addltion, the

Model 1301 offers two continuously W@//‘
varlable £5to £ 18 VDC, 0.5 A supplies.

you outpuls are available through six front pansl, color-coded

binding posts. A separate binding post IS connected to the

To avoid problems caused by dif-

HADIO-ELECTRONICS
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r 3

The three volta?e supplies are complsately isolated and
DC chassls and ground.

®
requirements i i o

..the new

Global 1301

Each of the two contlnuously variable
outputs has a separate voltage adjust

control. Two front panel

and current from 0-1 A. Cur-
rent limlting protects against

short circuiting and outputs may be
interconnected to increase voltage range

without short circuit damage.

The Model 1301 is a versatlle
genearal purpose power supply which
provides precision performance In
engineering laboratory applications,

®
schools, testing and servicing, and production lines.
rlp e Because of its low price — under $250.00 — the 1301

Powe

is also excellent for use by hobbyists. Rugged
construction and a durabte metal case permit the 1301
to withstand the wear and tear of regular use and
provide many years of trouble-free service.

See the new Model 1301 Triple Power Supply at

your electronics distributor, or, for the name of
your local distributor, call our toll-free Product

Availability Phone: 1-800-243-6077.

GLOBAL SPECIALTIES An Intorplex Backronics Compony

70 Fulion Ter, Hew Haven, T 08508- 1819
OTHER OFFICES: San Francisco {(415)

824-3100, TWX 710-485-1227
11, TWX #10-372.7982

Europe: Phone Salfron walden 0799-21682, TLX 817477
CIRCLE 62 ON FREE INFORMATION CARD
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ferences in response to ASCII con-
trol codes between the computer
and the printer, the interface auto-
matically makes the required con-
versions. For example, when
listing a program, the Com-
modore’s CHR$(19) "home cursor”
command would stop an Epson
printer dead in its tracks because
CHR$(19) is the Epson-printer
command for “stop printing.” To
avoid that hassle, the interface au-
tomatically changes the listing
from CHR$(19) to an “(HM]"
(home cursor). Other ASCII codes
from 1 to 31 and 128 to 160, that
might be inconsistent with the
non-Commodore printer com-
mands, are similarly designated
within brackets. For example,
CHR$(150), which is the Com-
modore command for the color
“light red,” is listed as “[LR]".

The interface normally defaults
to the “normal printing mode,”
which is upper case only with au-
tomatic linefeed after carriage re-
turn. A short software command
can be used to temporarily or
“permanently” lock (until power
reset) the interface to provide up-
per case only with no line feed,
upper and lower case with no line
feed, upper and lower case with
automatic linefeed, graphics
mode with line feed, or graphics
mode with no line feed.
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Where’'s Your ELECTRONICS Career Headed?

The Move You Make Today Can Shape Your Future

Yes it's your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can move ahead
faster and further with a

B. S. DEGREE

Put professional knowledge and a COLLEGE
DEGREE in your electronics career. Earn your
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature, fully
employed workers who want to upgrade their
careers . . . and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California 90720

Independent Home Study Can Prepare You

Study materials, carefully written by the Gran-
tham staff for independent study at home, are
supplied by the College, and your technical
questions related to those materials and the
lesson tests are promptly answered by the Gran-
tham teaching staff.

Recognition and Quality Assurance

Grantham College of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many
foreign countries; ubout 809 of our students live in the
United States of America.

Grantham College of Engineering R 2.85
10570 Humbeolt Street, Los Alomiteos, CA 90720

Please mail me your free catalog which explains your
B.S. Degree indapendent-study program.

Name = .

Address

City Stats Zip. |
| LT T S S e, = e auf
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The graphics mode has the abil-
ity to pass any character string to
the printer unchanged. It’s pri-
marily intended for use with word
processors and other programs
that can function with non-Com-
modore printers, and that can ac-
cess the advanced graphics fea-
tures of certain printers. A semi-
permanent selection of the graph-
ics mode can be made by an inter-
nal DIP-switch on the printed-
circuit board.

Three other DIP switches on the
PC board are used to automatically
exchange the function of CHR$(15)
and CHR$(20); enable or disable
software selection of automatic
linefeed after carriage return, and
enable or disable the ASCI| correc-
tion described above.

The reason for the automatic ex-
change of the CHR$(20) and
CHR5(15) functions is because
Commodore uses CHR3$(15) to
cancel the expanded print mode,
but other printers use CHR$(15)
for condensed print with
CHR$(20) used to cancel the ex-
panded mode. By automatically
swapping CHR®(15) for CHR$(20),
the Commodore command to
“cancel expanded print mode”
will work properly with just about
any non-Commodore printer cur-
rently on the market.

For listings, user written pro-
grams, and word processing, the
Card/? works as claimed, doing an
effective Job of emulating a Com-
modore printer, while providing
the enhancements of the higher-
performance printers. The few
problems that arise, such as
dropped spaces between words
and stepping of the printer
through each blank space (no
character) on a line comes about
through some off-the-wall pro-
gramming used in some commer-
cial programs—even some better
quality software. Fortunately, pro-
grams for the Commodore com-
puters are in BASIC, so it's
possible to getinto the listings and
make whatever changes are neces-
sary to provide rational printer op-
eration.

Overall, the Card/? interface is
the way to go for "professional
quality’” printouts from the
Commodore 64 and VIC-20 com-
puters. R-E

continued on page 81

L minitADS
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100 JOB
OFFERS?

A COMPLETE LIST of Hl TECH companies
compiled by executive with inside knowledge
of compames on the move. Updated monthly
listing contalns employers ocatad in Califor-

REER 1”, P.O. BOX 221, SUNNYVALE, CA.
94086.

TIMEX/SINCLAIR 1000, 1500, 2068, ZX8t,
Hardware & Software for all computars:
NEW! Floppy disk interface. Sid formal.
Qrdar FLOPPY: $200. PRTR IIF—Cen-
tronics printer Intedace. Order PRTIF: $50,
ASM/DSM—Full featured assembler/dis-
assembler. Order ASMOSM: $40. ALSO, Ca-
bles for ali products. Write lor prices and

-computer. Research Service Leboratories,
P.O. Box 19124, OKC, OK 73144,

CIRCLE 259 ON FREE INFORMATION CARD

THE MOST EXCITING KIT YOU WILL EVER
BUILD The rmodel WAT-50 miniature FM
transmitter uses a 4-stage clrcuil NOT to be
confused with a simple wireless rmicrophone,
Up to 1 mile range. 50 sensitive. it will pick-up
a whispar 50 feet away! Use wih any FM
radio. Complete kil only $29.95 tax incl.
FREE SHIPPING. DECO INDUSTRIES,
BOX 507, BEOFORD HILLS, NY 10507.
CIRCLE 274 ON FREE INFORMATION CARD
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nias lamous Siicon Valley. Only $5.00 - “CA- |

|

descriptions. When ordering, specify iype of |

AND

RESERVE
YOUR SPACE

* 6 X rale $650 per each insertion.

» Reaches 225.016 readers.

# Fast reader service Cycle.

# Shor lead time for the placement of
ads.

* Wae typeset and layout the ad at not
additional charge.

Call 212-777-6400 1o reserve sSpace
Ask for Artine Fishman. Limited num-
ber of pages available. Mail malerlals
to: mini-ADS. RADIO-ELECTRONICS,
200 Park Ave. South. New York. NY
10003,

| ELECTRO IMPORTING CO. CATALOG.
This repnnt of the hislonc 176-page catalog
Mo. 20 gives you an accurate ook at 1he slate
of electronics in 1918. Contains everything
trom a Zinc Spark Gap 10 a 1000-Mile Receiv-
| ing Outfit. You can get your own copy of this
| modern antique. profusely illustraled, for only
$4.95 pius $1.00 P&H. Order yours from R-E
BOOKSTORE, Radio-Elecironics, 200
| Park Avenue South, New York. NY 10003.
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UNIVERSAL CRT ADAPTER—Use any
CRT Tester/Restorer/Rejuvenalor on all 2500
Coior CRT'S. Use functions of your tester on
any Color CRT from 97 to 26°, in¢luding for-
eign. Checks: Quintrex, InLine, Trnitrons. Tri-
Potential. etc. Replaces over 50 Adapters &
guaranteed for all Makes/Models of CRT
Testers. Instructions/Set-up Manual In-
cluded. Check/MO/Visa’MCICOD. $61.95 +
$2.00 P&H. To ordar call 1-800-331-9658,
{OK 918 68 2 4286) DANDY MFG. COMPA-
NY, 2300 GIBSON ST, MUSKOGEE, COK
74403,
CIRCLE 270 ON FREE INFORMATION CARD

"

California-DC Regulated Swiiching Power
supply +5vdc @ 5 amp + 12v dc @ 2.8
amp +12v dc @ 2 amp - 12v d¢c @ .5 amp
115-230v ac Input, fused. EMI filtered. Re-
movable DC Power Hamess and Schematics
included. 7.4 X 6.2° x 1.7 ht. YisamC/
‘ M.O./check; when clears. $37.50 ea. (Free
shlpping in U.S.) 1-800-327-7182/305-
A30-0086. Power Plus, 130 Baywood Ave.,
Longwood, Fl. 32750, {Call for quantlty
price).
CIRCLE 125 ON FREE INFORMATION CARD

FREE CATALOG OF HARD-TO-FIND
TOOLS 15 packad with more than 2000 qual-
ty Hems. Your singie source for precision
100i5 used by elecironic lechnitians, englne-
ars. Instrumen! mechanikcs, sthools. labora-
tones and govemment agencias. Also con-
tains Jensen's line ol more than 40 tool kits.
Send for your-iree copy todayt JENSEN
TOOLS INC., 7815 a6th St., Phoenix, AZ
A5040. (602) 968-6231.

CIRCLE 115 ON FREE INFORMATION CARD

FRADS

SATELLITE TELEVISION RECEIVER
SEMIKIT with dual conversion downcon-
verter. Features intrared remote Control wn-
ing, AFC, SAW fiter. RF or wideo output,
stereo Output, Palorator controls, LED ¢han-
nel & tuning Indicators. inslall six factory as-
sembled circuit boards to complete. Semlkh
$400.00. Completed downconverter add
$100. Complated raceiver and downcon-
verter add $150. JAMES WALTER SATEL-
LITE RECEIVER, 2697 Nickel, San Pablo,
CA 948086, Tel 415-724-0587.

CIRCLE 124 ON FREE INFOAMATION CARO

TELTONE'S TRK-957 KIT makes bread-
boarding a low-power, central office quality
DTMF detecton System easy and inéxpen-
sive. The included M-957 receiver decodes
12 or 16 digits and operates from 510 12V de.
Its sensitivity. wide dynamic range. noise Im-
munity. and low power consumption are ideal
tor lelephone switching, computer and re-
mote conirol applications. Only $24.75. To
order, call: TELTONE, 1-800-227-3800,
etx. 1130.

CIACLE 122 ON FREE INFORMATION CARD

ONE MAN CRT FACTORY, easy operation.
Rabuiid CRT's lor tv's. bus. machines,
monitors, $copes, etc. Color, biw, 20mm, for-
eign or domestic. 3x6 . space required.
Profits 7?7 Average CRT rebuikding costs—
$5. Sell for $100 = $95 profit; x 5 CRTs
$£475 daily; X 5 days = $2375 weekly profil.
Higher profits overseas. Investigate this op-
portunity today. We service the enfire world
Contact: CRT Factory, 1909 Louise S5t
Crystal Lake, |l. 60014, {815) 459-0666.
CIRCLE 80 ON FREE INFORMATION CARD

ZORBA 64K PORTABLE COMPUTER 9
Green or Amber CRT. Two 400 K DSDD
Drives. CP/M 2.2 Operating Syslem. |
$799.00. Geminl Electronics, Inc., 130 Bay-
wood Ave., Longwood, FL 32750.
1-800-327-7182. 305-830-8086.

CIRCLE 258 ON FREE INFORMATION CARD

¥iolo
SCHAMBLING

TRCHNIOUES

SUBSCRIPTION TV MANUAL. This infor-

| mation packed book details the methods

WwWww americanradiohistorv comm

used Dy subscription TV companies to
scramble and descramble video signals.
Covers the Sinewave, Gated Pulse, SSAVI
system, and the methods used by most cable
companies. Includes Circuit schematics. the-
ory, and troubte shoollng hints. Only $12.95
plus $2.00 firsl ¢class P&H. ELEPHANT
ELECTRONICS INC., {lormally Random
Access) Box 41770-R, Phoenix, AZ 85080,
CtRCLE 120 ON FREE INFORMATION CARD

intelliBurner EPROM-EEPRCM & MICRO-

CONTROLLER PROGRAMMER $299 |

Communicates through Ihe serial port of any
personal computer. Use your PCs modem
software 10 read, venty, Of program ail popular
EPROMSs. EEPROMSs and 87xx senes micro
controllers. Cuslom software incluged for
IBM, CP/M or Radw Shack PCs. Other pro-
grammers from $149. Bare PC boards with
software from $39. ROSS CUSTOM ELEC-
TRONICS, 1307 Darlene Way #A12. Boul-
der City, NV 89005, 702-293-7426.
CIRCLE 265 ON FREE INFORMATION CARD
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HALMO-ELELC | HUNILD

it
o

Measures

frequency
to 1.26Hz\

With period,
period average
and totalize
functions too,
for only $750

Y -

Model 1855
$750

-y e

The B&K-PRECISION Model 1855
Is a high accuracy multifunction
counter with * 1ppm temperature
stability {TCXQ), with all these
features:

* 5Hzto 1.2GHz range

o 0.5 uS to 200,000 uS period
range

» Tolalizes to 99,999.999

s Seiectable resolution » 8 digit
LED display

* Low pass filter » Display ho!d

» Switchable X1/X10 attenuator

* Remote start-up

kHz, MH2, LSEC, Gate and

overflow indicators

For measurements to 520MHz, the
Modet 1851, with the same features
as the Model 1855, sells for $575.

Both Models are available for
immediate delivery from
BAK-PRECISION distributors.

o€ PRECISION

DYNASCAN
CORPORATION

5460 west Cortland Sireet
Chicago. lihnois BOBIS - 312/889-3087

It e | Ry M Chatayge, B WX
Canad

Tt
e hainy B U man e Owinro
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OSCILLOSCOPES, the 2465 DVS
(Digital Video System) Special Edi-
tion (shown in photo); the 2465
DMmS (Digital Multimeter System),
Special Edition, and the 2465 CTS
(Counter-Timer System) Special
Edition. All three are programma-
ble using the IEEE-488 GPIB.

The 2465 DVS has five new mea-
surement capabilities. It incopo-
rates: 1. a talker/listener |EEE-488
GPIB; 2. a counter/timer/trigger;
3. a word recognizer; 4. an auto-

ranging digital multimeter, and 5.
comprehensive televsion-wave-
form measurement capability.
That oscilloscope is priced at
$8550.

The 2465 DMS incoporates all of
the above features except the TV
capability. It is priced at $7850.

The 2465 CTS has all the above
features except the TV and digital
multimeter capability. It is priced
at $6650.—Tektronix, Inc., PO Box
500, Beaverton, OR 97077.

o

SATELLITE TV RECEIVER, model
SR-1000 has three variable controls
for video and audio tuning, dual
threshhold extension switches,
and an LED “climbing” bar-graph
tuning meter. A front-mounted
Chapparal Polarator control helps
optimize reception for the desired
satellite, and helps reject inter-
ference from adjacent satellites.
A composite baseband output
provides optimum signal quality

WwWwWw americanradiohistorv comm
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continued on page 43
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL'S

niempo
Electmmgs IE}cnlyas

The fast, easy and low cost way to
meet the challenges of today’s
electronle innovations. A unique
lcarmning series that's as innovalive as
the circuitry i1 explains, as
fascinating as the experiments you
buikt and explore.

From digital logic to the latest
32-bit microprocessor, the McGraw-
Hill Contemporary Electronics Series
puts you into the electronic picture
Oone easy step at a time. Fifteen

unique Concept Modules, sent to you

one every 4-6 weeks, give you a
handle on subjects like optoelec-
tronics, robotics, integrated circuits,
lasers, fiber optics and more.

Each Concept Module goes
right to the heart of the matter.
You waste no 1ime on extraneous
material or outdated history. It’s a
fast, efficient, and lively learning
experience. ..a non-traditional
approach to the most modern of
subject matter.

Unique Interactive Instruction

With each module, you receive
a McGraw-Hill Action Audio
Cassette. Each tape is a dynamic
discussion that drives home the key
facts about the subject. Your learning

With your firs,

use ¥ through-
oul the series 1o
buidd

experience is reinforced through
interaction with vividly illustrated
text, audio cassettes, and actual
electronic experiments. Indexed
binders preserve backup material,
notes, and tapes for convenient
referral.

Perform
Experiments
in Contemporary Electronics
Throughout your series, lab-
oratory experiments reinforce every
significant point. This
essential experience

...dynamic, hands-on p—
demonstrations of > .
theory In practice. . . b L

will help you master -
principles that apply all "
the way up to tomorrow’s | |
latest VLSI (Very Large
Scale Integrated) circuitry.
In Your very first module, you’ll
use integrated circuits to build a digital
oscillator, verifying its operation with
a light emitting diode (1.ED). You'll
learn to identify passive and active
components, understand concepts
common to all electronic circuits.

For Anyone Interested in Electronics
The Contemporary Electronics
Series is designed for anyone from
hobbyist to professional. It*s for you
if you're looking for new fields of
interest...if you're a teacher who

WwWwWw americanradiohistorv comm
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temporary circuils...a
manager or supervisor in an electronics
plant...adoctor, an engineer, a chemist
who finds electronics playing an
increasingly important role in your
work. It’s even for electronics engineers
or technicians who feel their training
needs freshening up. It’s the quickest,
most convenient,
probably least
ﬂ . expensive way (o
r & doit. And the
N[ i"? only one that gives
_'?_ ’ you hands-on
- 2 expenence.
15-Day No-Risk Trial
To order your first module with-
out risk, send the postage-paid card
today. Examine it for 15 days under
the terms of the order form and see
how the Contemporary Electronics
Series gets you into today’s electronics.
If card has been used, write us for
ordering information.
4 McGraw-Hill
:J ’£ Conlinuing Educalion Center
i 3939 Wisconsin Ave,
I ln Washington, D.C. 20016

5861 AHVYNHE3J
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The Book-Sized
Microcomputer
That s A Hands On
Library Of
Hardware And
Software
Instruction.

MEET THE MICROPROFESSOR

A portable learning center.
Learning shouldn't be limited to the
classroom. That's why we made the
MicroProfessar hghter and less bulky

than the average lextbook. Supported

by easy-to-understand documen-
tation. the MicroProfessor leads you
through dozens of expenments. And
wilth a wealth of accessories to
choose from, including a printer,
EPRCM programming board and
sound and speech synthesis.
there's virtually no limit to the kinds
of applications you can try your
hand at.

Custom tailored to a variety

of educational needs.

Whether you'r@ a compulter novice
or prodigy. interested in guided
instruction or independent leaming.
the MicroProlessor will meet your
educational objeclives. A teaching
tool without peer. the MicroProlessor

puts hundreds ol hands on lessons in

programming, system architecture
and circuit design right at your
fingertips. Your computer skills
will increase dramatically as

the MicroProfessor lranslates
important concepts into prachical
experience

MMultitech Yobr i

jnque Mecrocomputer Prociucts for Ecucalion.

CIRCLE 267 ON FREE INFORMATION CARD

The most cost-effective instructional
microcomputer on the market.

Today, tight budgets are a fact of lite
and doubly so for educators and
students. At under $200.00 including
Instruction Manual and AC Power
Supply—'ess than half the price

of any compelitive product—the
MicroProfessor is a very attractive
educational resource

For more inforrmation about putting
the MicroProtessor advantage to work
in your computer education, ptease
write or call:

195 West E| Camina Real. Sunnyvale
Califormia 94097

Qutside California call {800) 538-1542
In California catl (408) 773-8400

WWWW americanradiohistorv. comm
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NEW PRODUCTS
continued from page 38

for equipment capable of using it
{including upcoming stereo de-
coders); for use with standard TV
sets, a built-in modulator puts the
signal on Channel 3 or 4. The
model $R-10001s priced at $499.00.
— Regency Electronics, Inc., 7707
Records Street, indianapolis, IN
46226-3989.

COMPONENT GRIPPER, model
£-90, lets you remove IC's from
boards or sockets safely. It grips on
high-density circuits, and elimi-
nates strain and breakage on IC
bodies because it grips from the
pin centers rather than from the
ends. The Little Gripper is effec-
tive on 1C’s, as well as on ZIF sock-
ets. It can be adjusted for package
tolerances, and can be safely used
on static-sensitive devices.

CIRCLE 13 ON FREE INFORMATION CARD

The Little Gripper, model E-90,
comes with a lifetime guarantee.
There are no springs, knobs, or
screws to break or wear. |tis priced
at $29.95.—Techni-Tool, Inc., 5 Ap-
ollo Road, PO Box 368, Plymouth
Meeting, PA 19462,

AUDIO OSCILLATOR, model 1700,
features low distortion, fixed and
variable output levels, and fre-
quency coverage from 20 Hz to 50
kHz. Total harmonic distortion
measures 0.01% at 1 kHz and is
specified as less than 0.03% from
400 Hz to 25 kHz. A fixed 1-volt

CIRCLE 15 ON FREE INFORMATION CARD

output and a variable 10-millivolt
to 8-volt output are both accurate
to 0.5%, with a typical flatness of
0.2% from 20 Hz to 20 kHz.

Manual control is by means of
front-panel numeric and function
keys. Entries are shown on a 4-digit
dispiay, and functions indicated by
appropriate annunciators. The en-
tire status of instrument functions
can be stored in any one of 190
nonvolatile memory locations for
later recall. GPIB control provides
full 1alk and listen capability, In-
cluding return of values in the talk
mode and recall of memory con-
tents. A free-form number-entry
system, triggering in immediate or
wait modes, choice of end-of-
string terminators, SRQ function,
and front-panel return to local
control all contribute to bus ver-
satillty.

The model 7100 is priced at
$1795.00.—Boonton Electronics
Corporation, 791 Route 10, Ran-
dolph, NJ 07869.

PRECISION TRIMMER POTENTI-
OMETERS, the ME323-422 series
lets the user see the wiper setting.
These rectangular trimmers are
housed in transparent nylon. The
user can see exactly where the
wiper is positioned for quick ad-
justments at a glance. The cermet
element has an essentially infinite
resolution output. It is precision-
adjustable over a wide resistance

CIRCLE 15 ON FREE INFORMATION CARD

range. lt features a screwdriver-ad-
justed mechanism (20 turns nomi-
nal), =10% tolerance, and a
miniature size that saves board
space.

These potentiometers are

WwWww americanradiohistory comm
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ELECTRONIC KITS

INTERNATIONAL, INC.
{Formerly PPG Electronics)
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CATALOG OF ALL KITS

A slistle natlonwide o1 your local

m
m

elecironics siore.
{Or send $1.00 shipping & handiing
1o 80dress Dolow )

EK! ELECTRONIC KITS
INTERNATIONAL, INC.

791 AED ADCK ROAD
ST. GEORGE, UTAH 84770

Call TOLL FREE
1-800-453-1708

For slore nesrest you.

Special Prices for Educators
CIRCLE 99 ON FRAEE INFORMATION CARD

9861 AdvHa3d

£n
L7


www.americanradiohistory.com

Get your hands
on the scanner

the pro’s use.

Uniden®* Bearcal® scanners arg spofoved 1of use
In neighborhood erime preveniion Programs.

Whether it's firemen,
paramedics, reporters or
policemen, more profes-
sionals use a Uniden®
Bearcat® 100 than any
other no-Crystal hand-
held scanner.

it's not just that more
professionals use a
Uniden® Bearcat® 100
that's imporant. It's why

Tha Uniden® Bearcat®
100 will do more for you
than many table-top or
moblle scanners twice
s size.

With 16 channels,
four public service bands,
two amateur bands, plus
military and government
land-mobile frequencias,
it gives you complete

scanning coverage that
fits in your coat pocket.
Lockout, hold, manual
and automatic search,
direct channel access
and liquid crystal read
outs make it @asier to
use. And like no other
hand-held scanner, the
Uniden® Bearcat® 100
has Track Tuning to pull
in weak signals wherever
you go. It comes com-
plete with rechargeable
batteries, charger, and
professional quality
carry case.

The Uniden® Bearcat®
100. The scanner made
for born leaders.

For the name of the
dealer nearest you, call
1-800-8-C-A-N-N-E-R.

Uniden Corporation
of America, 200 Park
Avenue, New York, New
York 10166.

uniden

S
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UNIDEN

Commercial Communications
Manne Communicalions
Personal Commumcations
Satellire Technology
Telecommunicabons

© 1984 UNIDEN CORPORATICK OF AREFICA
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power-rated at 0.75 watt at 40°C
and come in values from 500 ohms
to 1 megohm. Their operating
power is 300 volts; dielectric
strength is 350-volts AC, and in-
sulation resistance is 100
megohms.

The unit price of the MEI23-422
series is 80 cents in quantities of
500.—Mouser Electronics, 11433
Woodside Ave., Santee, CA 92071.

HAND-HELD TERMINALS, the
DATA-MAC 8and the DATA-MAC 16
(shown) are small, light-weight,
and calculator-shaped “data col-
lectors.” Their 40-key keyboards
include 10-key numeric keypads,
and letters arranged in alphabetic
order. Each key can be defined
with a second, 10-character func-
tion

CIRCLE 16 ON FREE INFORMATION CARD

The DATA-MAC 8 has an 8,000
character data storage, includes
carrying case and battery pack. It is
priced a1 $1,295.00.

The DATA-MAC 16 has a 16,000
character data storage, and in-
cludes carrying case and battery
pack. The unit is priced at
$1,495.00.—Definable Data De-
vices, Inc., PO Box 769, Wilson-
ville, OR 97070-0769.

WAVEFORM ANALYZER, the model
S$Cs61, brings wideband peak-to-
peak voltage readings to the 1EEE
bus. That allows the designer to
feed signals to the IEEE bus that
agree directly with conventional
oscilloscope readings.

The model SC67% includes the
following features: Its autoranging

DC voltage circuils read 1o a full
2000 volis from two different test

CIRCLE 17 ON FREE INFORMATION CARD

points. Its autoranging frequency
counter reads from 10 Hz (with
0.01-Hz resolution) to 100 MHz
(with 6-digit resolution) from ei-
ther of two channels. 1ts ratio func-
ifon automatically calculates the
ratio of two frequencies; that func-
tion is handy for 1esting multiplier
or divider stages.

The model SC617 is priced at
$3275.—Sencore, 3200 Sencore
Drive, Sioux Falls, SD 57107. R-E

A QUALITY TRIPLE-REGULATED
POWER SUPPLY AT A LOW,

LOW PRICE!!

This DC tripls reguinted varlabla power supply
has aliths teatures You 2ould ssh for Plus & full §
Yoir guaranies. Fully adiuatabis tram 1W VDC 1o
35 VOO Threa compistely indecendent supplies
that offar many advantagest Thay can be sithar s
pos. supply Of & Neg. supply...Ihay can &isa be
stacked i serian 20 1hat & 5V snd two 15V sup-
pliea can totel & 38 VOT supply of any combine-
tion of the three_ (sitar ona of tha temunals 18
groundedio give it s reterenzel.. for tha st ima
yGu can now purchasa (hie Americen made fully
adjustable pOwer supply 81 a price INat 8 one-
hat of what You'd expec! (o payl

SPECIFICATIONS

NOT A
KIT!

MODEL PS101
FULLY ASSEMBLED & TESTED!

11

- Made In The United States —

3 oulputs:
Fixed 5 VOO £ 0.2V
2 vanabls S1% V1o 215 vOC
Polanty - Moating, can D8 usad 83 POB. orneg

Ripole less than 10mY &t 1uli loag,
Feaguiation 5 1% no load to Ml 1oad,
Line Regulabcn «0.2% 108 VAC 1o 138 VAC,

Current:

Fixed subply 1.0 ampP max.
Varisble supplies 0.5 amp Max.

Protection built in, current limiing, with
thermal ahutdown.

Powar, 108-138 VAC,

Cimenuons B%" & 3%~ a TW" (WaHaD}

Wood grain finished mets case

Weight. & [ba.. § ozn

Ligntsd on/on powsr swizh, sasy-to-read
Voltm®ier and args binding podia

Warranty: Ome yoar full replscemeant
WAITRNtY from date of purchass

CISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

==

E.W ENGINEERING. INC.

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED!
6 Herman Drive, E. Granby, CT 06026 0O 203/651-0285

CIRCLE 255 ON FRAEE INFORMATION CARD
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o Scanners

citement of Police,

:7" gency

Bring you the

Fire, Emergency Radio, and more.

RADIO-ELECTRONICS

£n
&

Our radios deliver the local news.
From bank hold-ups to three
alarm fires. It’s on-the-scene
action. While it’s happening from
where it's happening . . . in your
neighborhood.

You can also listen to weather,
business and marine radio
calls. Plus radio telephone

conversations that offer more real

life intrigue than most soap

operas. And with our pew models,

there’s even more.

Unique Capabilities

Introducing two all new Regency
scanners. First, there's the
MX7000, a 20 channel, no-crystal
unit that receives continuously

from 25 to 550 MHz and 800 MHz

to 1.2 GHz. That's right!

Continuous coverage that includes

VHF and UHF television audio,
FM Broadcast, civil and military
aircraft bands and 800 MHz
communications. Next in line is
the new MX4000. It's eight band
coverage includes standard VHF
and UHF ranges with the
important addition of 800 MHz
and aircraft bands. Both units
feature keyboard entry, a

).

MX5000 MX3006. -~

multifunction liquid crystal
display and selectable search
frequency increments.

Practical Performance

If you don't need the 800 MHz
range coverage, Regency offers
two exciting new units. The
MXS5000 is a 20 channel.
no-crystal scanner that receives
continuously from 25 to 550 MHz
with all the same features as the
MX7000. Then there's the 30
channel MX3000. It's digitally
synthesized so no crystals are
necessary, and the pressure
sensitive keyboard makes
programming simple. What's

more, it has a full function digital
readout, priority, search and scan
delay. dual scan speed. and a
brightness switch for day or night
operation.

At Home Or On The Road

With compact design, easy access
front panel and mounting bracket
these Regency scanners are ideal
for mobile” use. But we also
supply each radio with a plug-in
transformer and a telescoping
antenna S0 you ¢an stay in touch
at home. The MX4000 even has a
rechargeable battery pack so it's
fully portable.

See your Regency Scanner
Authorized Dealer for a free
demonstration on these and other
new Regency Scanners. Or, write
Regency Electronics, 7707
Records Street, Indianapolis,

IN 46226. w
eg e

\ ELECTRONICS, INC.®
( 7707 Records Street
! Indianapolis, IN 46226-9989
)"\ ha *Mobile use subject to restriction
G in certain localities,
-
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VICTOR MEELDIJK

SELECTING
THE BEST
RESISTOR/CAPACITOR

There’s much more to selecting components for your designs
and projects than meels the eye. In this article, we'll look at the
various types of resistors and capacitors, and what factors you
should consider when selecting which type lo use.

DID YOU KNOW THAT:

Polystyrene foil capacitors may be
better for timing circuits than polycabo-
nate types?

Tantalum capacitors are not recom-
mended for any application where current
spikes are present?

A hybrid potentiometer consisting of
a winswound element and a conductive
plastic rack will have a life span that is 10
times greater than that of a wirewound
potentiometer?

Power wircwound resistors can be op-
erated with a body temperature of 275°C.
and that some ¢an operated al body 1em-
peratures of as high as S00°C?

From the above. it should be clear thai

there's a lot to know about the many dif-
ferent types of resistors and vapacitors
available. That's because each rype has its
own unique¢ charactenstics, and those
characteristics make some types of re-
sistors and capacitors [ar better for certain
applications than others. Selecting the
proper component for a particular ap-
plication is vital in order to ensure the
reliability of your design. In this anicle.
we'll look at the various faciors that you
should ¢onsider when sclecting resistors
and capacitors for your projects.

Reslstors

When selecting a resistor. consider sta-
bility. noise, power dissipation. environ-
ment. AC requirements. and resistance.
Actual resistance value is a function of
tolerance. voltage coefficient. tem-
perature coefficient. and drift with time.
The power rating is based upon ambient
temperatvre and derating. Derating,
which is the operation of a component at
something less than 100% of its specified
rating. may be necessary because of en-
vironmental conditions.

Resistor compositions include carbon.
film, and wirewound for fixed resistance
units, and cermel and conductive plastic
for varisble resisiors. Figure | shows
many of the types of resistors available.

Carbon resistors

Carbon-composition unils have a re-
sistive eiement that is molded from car-
bon powder that has been mixed with a
phenolic binder to from & uniform re-
sistive body. That device, molded with
cond [eads, is a general purpose resistor
capable of withstanding temperature and
clectrical transient shocks. The carbon-

conposilion resister is used in applica-
tions where initial tolerance need not be
closer than % 5% with long term stability
no better than = 20%

For variable resistors, one problem is
that the carbon elememt requires a high
contact force to ensure that any vanation
in the contact resistance remains within
acceptable limits. That resuits in high
shafi-torque and poor adjustability.

Carbon elements are sus-
cepiible to moisture ab-
sorption and such
meistune absorption
can cause the resis-
rance to change
by as much as
20%. That re-
sistance shift
can be re-
versed 1f the
device s
baked at high
ieinperatures
(100°C).

Film resistors
Metal-film de-
vices ar used in ap-
plications reyuiring
higher stability and preci-
sion than available from car-
bon dev ices. 1n addition. metal-
film resistors should be used in
applications where AC is present. Op-
eration is satisfactory from DC to the
MHz range. Metal-film units have low
emperalure coefficients and suffer liule
degradation to ambient temperalures of
125°C and higher. Film resistors can be
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classified according to the techniques
used in their manufacture.

One such techniyue is vacuum deposi-
tion. which is also known as evaporaed
metal film. [nit. a nickel-chromium alloy
is superheated in & vacuum. The alloy

vaporizes and is deposited
on & ceramic sub-
strate. Smal] quan-

4 tities of con-

lami-
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FIG. *—THERE ARE MANY DIFFERENT mesistor compos|

fitm, wirewound, cermet. and conductive plaslic.

nants. called dopants, arc used Lo control
resistor eharacteristics such as resistance
range. Those resistors are used in applica-
tions that require an exireme degree of
precision.

In sputtering. a nichrome target is heat-
ed and bombarded by argon atoms. That
results in metal atoms being knocked off
and deposited on a subsirate. Resisiors
manufaciered using that sputtening tech-
nique are also suitabie for applications
that require a high degree of precision.

In metal-oxide deposition. a chemical
vapor is used to deposil a tn-oxide film
onto a glass substrate. That technigue.
which is primarily used by Coming is
uscd to produce resistors for general-pur-
pose, semi-precision. and precision ap-
plications.

Thin-film resistors are highly stable.
have low-noise characteristics. and have a
very low temperature-coefficient. They
are used in digital mulumeters. precision
voltage-dividers. attenuators. A/D and
DA circuits. and in curment-sumiming ap-
plications.

Typical thin-film resistors arc sputtered
tantalum nitride ., deposited chromium co-
balt, or nichrome, on a substrate. Sub-
strates of alumina, sapphire. glass.
quartz. beryllia or silicon are used.

Thin-film resistor networks are also
available; these are housed in DIP's and
SIP's (Single /nline Package),

In individual resistors. the terminals
used may be either surface or wrap-
around types. Wrap-around terminals
wrap around the side of the substrate al-
lowing connections to the underside. Ter-
minals of solder, silver over nickel.
platinum. or platinum gold are available.
Trimming of the resistor is done either
mechanically or by using a laser.

In thick-film resistors. & ceramic sub-
strate is coaled (silk screened-—a mecha-
nized stenciling process) with a glass-
metal material and then fired (to cure it) at
a high temperature, The glass-metal ma-
terials include nichrome. silver pal-
ladium, platinum. ruthenium. rhodium.
gold and a tamalum-modified tin oxide.
That fitm is up to 100 times thicker than
evaporated or sputtered metal film (great-

ilions and types. Among them are carbon,

Carbon composition

Carbon composilion
polenliometer

Filrn networks

Chip resislors

Power wirewound

et than .0001 inches thick) and is used in
applications requiring high power density
or the capability of surviving power spikes
or overloads. Those units are suitable for
some precision applications. but not those
requiring an extremely high degree of pre-
cision.

Bulk metal resistors, made in & process
that is properietary to the Vishay Corpora-
tion. nictal foil is laminated to a substrate
and then chemically etehed to produce a
conductive path. The flat clement is used
exclusively for high-precision applica-
tions and has tight lerances and an ex-
cellent temperature coeflicicnt.

TABLE 1—RESISTOR SELECTION GUIDELINES

SPECIFICATIONS AND NOTES

Resislance range: 2.7 ohms to 100 megohms

Power raling: (0 2 wails

Tolerance: 5% 1o 20%

Temperalure coefficient: — 200 1o — 8000 PPMPC

Noise: less than § pVV

Deraling factors: 50% power, B0% woilage

Notes: Genafal purpose. Excelvent transieni and surge handling
capabvities. RF produces capacitive etlects end to end, and
operabon al VHF or higher trequencies reduces etfective
resistance due o dielectnc losses. Resistance ncreases by 20%
dunng slorage under humed CONditions.

Resislance range: 50 ohims to ) megohms

Power raling: to 5 wars

Temperalure coefficient: 1000 PPMFC

Derating tactors: 50% power, B0% volfage

LHe expectancy: 5,000,000 ratations

Fallure mode: noise

Notes: High shatt lorque causes poor adjusiability
Resistance range: 10 ohms !0 25 megohms

Power raling: 0.1 to 10 walts

Tolerance: 2% o 10%

Temperature coefficient: - 200 to ~ 1000 PPM~C

Noise: less than 10 gV

Derating faclors: 50% power. B0% voltage

Notes: General purpose. cost less \han carbon-composition
units

Resislance range: 10 ohms to 3 megohms (hugh vohtage types:
1 kilohm to 30 gigohms)

Power rating: to 10 watts (high voltage types; to 8 waits)
Tolerance: 0.1% 10 2%

Temperature coefficient: = 2510 =~ 175 PPM*C

Noise: less than 0.1 p VN

Lite expectancy (potentometers): 100.000 rotations

Failure mode: resislance change or calastrophic failure
Derating tactors: 50% power, B0% voftage

Notes: Fair degree of precision in Kmver value units. High
stability. bong Ute. and excedlent high-frequency performances.
Resistance values stable to aboul 100 MHZ! begin to decrease
beyond thal frequency. Used in high-trequency tuning circuits,
measuring arcuits. filters, elc.

Resistance range: 10 ohms to 33 megohms

Power rating: to 0 2 walls per element, {o 1.6 walls per network
Tolerance: 0.1% 1o 5%

Operaling temperature range: —55 1o « (25°C
Temperature coefficient: = 25 1o = 300 PPM”C

Noltes: Tracking between resisiors 5 PPMAC

Resislance range: 1 ohm to 100 megohms

Power rating: to 2 wa'ts

Tolerance: 1% lo 20%

Operating temperalure range: —55 to + 125°C
Resistance range: 0.1 ohm to 130 kilohms

Power rating: to greater than 225 watts

Tolerance: 5% lo 10%

Temperature eoefficient: 1835 than = 260 PPM/C

Nolse: low static, high dynamic notse levels

Perating faclors: 50% power, 30% voltage
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Carbon-film resistors were introduced
to perform the same basic functions as
carbon-composition resisiofs, but at a
lower price. Just like composition types.
they lack the ability to withstand transient
voilage spikes and have a poor tem-
perature coefficient.

An axial-lead. carbon-film resistor is
made by screening carbon based resistive
inks on a ceramic rod and then firing the
assembly. Allernate techniques include
depositing pure carbon by cracking a hy-
drocarbon gas or by depositing a nickel
film for resistor values of less than 10
ohms. The resistive element may also be

sprayed on, applied with a transfer wheel,
or dipped on.

The rod is then cut lo size. leaded end
caps are allached. and the unit is tnmmed
to a precise value. The resistor is then
coated with an insulating maerial. Car-
bon-film resistors are available in the
sume resistance values as carbon-com-
Position units and have a typical tolerance
of = 5%,

Wirewound resistors

Wircwound resistors are used where
targe power dissipation is required and
where AC performance is relatively ynim-

TYPE
Precision wirewound

Cermet

Conductive plastic
potentiometers

General purpose
conductive plasilc
polenticmelers
Precision conductive
plastic potentiometer

Conductive plastic
trimmers

Hybrid
polentiometers

TABLE 1 CONTINUED

SPECIFICATIONS AND NOTES

Resislance range: 0.1 ohm to 800 Kilohms

Power rating: to 15 wats

Tolerance: 01% 1o 1%

Ternperature coetficient: varies wih resisfance

Noise: low stalic. high dynamic noise levels

Life expectancy (potentiometers): 200,000 to 1,000,000
rotations

Fallure mode: Catastrophic {ature

Derating tactors: 50% power, B0% voltage

Noles: Wirewound resistors are used In low-10lerance, high-
power dissipation applications where AC performance is not
critical. Power dissipation depends on heat sink or air flow
around the device. When mounting on a PC board. standolis
should be used lo preven! charing the board. Not suitable tor
use at frequencies above 50 kHz. Wirewound potenbometers do
not suffer from contact resistance variahons. The units ¢an be
manutactured with low temperature coelficients and tight
tolerances, Appications include motor speed controls, lamp
dimmers. heater controls, ele, Precision types are used In servo
mechanisms

Resistance range: 50 ohms 1o S megohms .

Power rating: 1o 2 watts

Life expectancy {potentiometers): 50 to 500.000 rotations
Fallure mode: noise

Deraling lactors: 50% power. 80°6 wollage

Noles: Very siable under humid conditions. Low temperature
coetiicients, Low end resistance (2 ohms). Short iffe expeciancy.
High resolution of 1he resistrve element allows for mote precise
tnmmer setings Less reactance w high-frequency applications
than wirewound units, and are lower in price. Carmet is also the
thick film used in resisior networks and chip resistors,
Resislance range: 150 ohms to 5 megohms

Power rating: 10 1 wat

Temperature coefficient: ~ 600 to — 300 PPM7C

Life expectancy: 100.000 to 4.000,000 rovations

Failure mode: Noise

Derating factors: 50% power, B0Po voltage

Resistance range: 1 ohm to 15 kilohms. depending on power
rating

Power rating: (o 1000 watis

Resistance range: 100 ohms 10 500 kilohms

Power rating: o 7 walts

Tolerance: 3%

Temperalure coetflcients: less than 70 PPMAC

Lite expectancy: Grealer than 2,000,000 rotatlions
Resistance range: 10 ohms to 100.000 ohms

Power rating: 1o | watt

Notes: Conductive piastc potentiometers have a long life
axpectancy and low-noise charactensucs. Resistance will shift if
exposed 1o hurmadity.

Resistance range: 200 ohms 10 250,000 ohms

Power raling: to 7 wails

Tolerance: 5%

Temperalure coetficlent: 1855 than = 100 PPM~°C

Lite expectancy: 10,000,000 rotations
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portant. Those devices are generally salis-
factory for use at frequencies up
20kHz. They are avajlable with various
insulaling/moisture preventative coalings
such as vitreous enamel, cement. molded
phenolic. glass siceves. or silicone.

Vitreous enamel units have excellent
moisiure-resistance properes and will
not burn {although they may melt) under
high overload conditions since they are
made from a glass type malerial.

Silicone. which also has excellent
moisture-resistance characteristics. is an
organic material and 15 more flammable at
lower overload conditions than vitreous
enamel. It will also emit gases under over-
load conditions leaving deposits on €lec-
tnical contacts.

Cement coatings are composed of in-
organic matenials. Those coatings are es-
sentially flaineproof but can be made to
burn if subjected to high overloads for
long periods. Resistors coated with that
material are alse subject to changes in
value with exposure to moisture,

Aluminum and watercooled housings
are aiso available. Those housings facili-
tate the transfer of heat away from the
resistive element.

In wirewound resistors. three alloys are
commonly used for the resistive element.
They are nickel-chromium, Copper-nick-
¢l. and gold-piatinum. Nickel-chromium
is the most common due to its excellent
temperature coefficient {lcss than =35
PPM/°C) and its availability in many dif-
ferent diameters. Copper-nickel is the
next most popular. with a temperature co-
efficientof + 20 PPMrC. The gold-plati-
num alloy, that is actually a complex alloy
of gold. platinum with small amounts of
copper and silver has a high iemperature
coefficient of £ 650 PPM™C, but has low
resistance. Thal resistance s 85 ohms/
emf {cmf is a circular mil foot. 2 hypo-
thetical quantity equivalent to one foot of
wire that is .00] inches in diamcter) while
nickel-chromivm has a resistivity of 800
ohms/cmf. The gold-platinum alloy can
also withsiand harsh environments.

The ceramic core of 2 wirewound re-
sistor is either beryllium oxide. which has
a high cooling capability, alumina (alumi-
num oxide)} or steatite. which has the
lowest thermal conductivity of the threc
materials but is low cost. Figure 2 shows
some stealite cores,

Wirewound resistors are most often
used in vollage divider cirenits. as power-
supply bleeder resistors. or as series drop-
ping resistors. Variable devices are used
where voltage and curent variations are
expected. such as motor-speed and heater
controls. Precision variable types are used
in servo systems requiring precisc elec-
trical and mechanical perferinance.

Other resistor types

For low resistanceshigh current ap-
plications, edgewound ribbon type power
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FIG. 2—-MANY WIREWOUND RESISTORS use Steatite cores. such as the ones shown here.

FIG. 3—POTENTIOM

RS can use resistive eicments made of many different matesials. Three such

materials. sShown above from left to right. are cermel. carbon, and conductive plastic.

resistors are available. Designed for
power handling up to 1000 watts (at cur-
rents up to 100 amps) these devices are
made up of steel ribbons wound into a coil
and supported by ceramic insulators.
They are generally rated for normal opera-
tion with a temperawre rise of 375°C.
Those units arc used in power-supply iest-
ng and 1n motor-breaking systems. (You
may have scen them undemeath subway
cars. especially the older trains in New
York Cirty.)

Cemmet devices have a resistive elememt
made by combining very fine particles of
ceramnic. Or glass, wilth precious metats.

Cermet devices are very stable under
humid conditions and have low em-
perature coefficients of =100 PPMAC.
Conductive-plastic or hot-molded carbon
potentiometers. for example. have an
average temperature coefficient of = (000
PPM/°C. In variable rcsistors. however,
the cermet element is abrasive and long
periods of rotational cyeling will wear out
the wiper long before similar use would
wear owt the wiper in resistive-film or
conductive-plastic units. Cermet polenti-
ometers are available in low resistance
values. which makes them useful in many
audio applications.

WWWW.americanradiohistorv.comm

Cermet is also the thick film used in
resistor networks and in chip resistors.

Conductive plastic potentiometers have
a resistive element consisting of a blend of
resin (epoxy, polyester. phenolics. or
poiyamides) and a carbon powder applied
1o a plastic or ceramic substrate. The plas-
tic subsirate resulis inabeuer emperature
coefficient duc to greatcr compatability
between the ink and the substrate. Those
devices have u long rotutional life and
excellent contact resistance varialion. or
low noise. End resistance is low. two
ohms maximum.

Conductive plastic units are suitable for
use in applications that require a con-
sistent temperature coefficient over a lim-
ited temperature range. such as — 258°C 10
75°C. Temperature coefficient values of
— 200 PPM/"C may be attained by special
processing of the carbon material or by
ncorporating metal powders. or flakes,
into the element. Nickel, silver. and cop-
per are frequently used in low-resistance
devices. Conductive-plastic elements,
like carbon wnits, vary in resistance when
exposed to humid conditions. Figure 3
shows cermet. carbon. and conductive
plastic units,

Hybrid potentiometers are wirewound
units with a conductive-plastic track de-
posited along the contact path of the re-
sistive element. That results in 2 device
that has & better resolution amd o longer
life. by a factor of 10. over wirewound
types. Compared (10 conductive-plastic
units. hybrid devices have a higher power
handling capability. due to the wirewound
element. Like wirewound units however.
they have stray capacitance at higher fre-
quencies and have high contact resistance
and marginal output smoothness when
drawing current through the wiper con-
tact.

Table | summarizes the resistor types
available. their characieristics. recom-
mended applications, and suggested de-
rating factor. Use of a derating factor is an
effective means to decrease the failure rate
of most devices since device life s siress
and temperature dependent. Derating is
accomplished by either decreasing part
stresses such as power/voltage or cumment
or by selecting a higher rated part. Op-
timum derating occurs at or below the
point where an increase in stress or oper-
aling temperature results in a large ine
crease in the deviee failure rate.

One note about Table 1: The values and
rating shown are provided as guidelines,
While they apply to the most commonly
found units. it is not impossible to find
units with stigily, or greatly, different
specifications.

While that concludes our look at re-
sistors. our look at component selection is
far from over. [n the next pant of this arti-
cle. we’ll tum our atiention to the factors
that shouid be considered when selceting
capacilors. R-E
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STEREO Audio For TV

BRIAN C. FENTON, TECHNICAL EDITOR

A recent FCC decision has set the stage for multichannel television sound. Heres a look at that
decision, its technical aspects, and the new dimension in TV sound that it makes possible.

STEREO TV IS FINALLY HERE! IT'S THE
most exciting development in television
since the introduction of the videodisc
player and VCR. Intcrestingly enough,
while the idea of sierco (elevision has
been on the minds of the industry for some
time, it was the consumer's inerest—
stimulated by videodisc players and
VCR ‘'s—that was the driving force behind
makifg i1 a reality. But Multichannel
Television Sound (MTS) is not just stereo
Tv—it's a completely new way of using
television’s audio signal.

The FCC decision

The Federal Communications Com-
mission authorized muliichannel TV
sound in lste March 1984 by adopting
new, very gencral rules regarding TV au-
dio signals. As a result of thal action.
stereo TV sound. as well as second-lan-
puage programming and many other ser-
vices. are now possible.

As has been the the FCC's policy of
late. the Commission did not adopt a sin-
gle sysiem as a siereo TV standard. Re-
member the FCC's “let the marketplace
decide™ decision on AM sicreo. and the
uncertainty and inaction in the market-
place that it caused. (AM stereo is yet to
really get off the ground.) But thanks to
the television industry. that's not about to
happen to stereo TV!

The main difference between the two
cases is that the industry—with the
knowledge of what happened with AM
stereo—presented a single proposal to the
FCC for adoption. Both broadcasters xnd
equipment manufacturers worked to-

gether through the ELA (Electronic Indus-
tries Association) whose Broadcust
Television Systems Commitiee (BTSC)
worked § years selecting a system as a
standard. The transmission system that
was chosen by the BTSC was developed
by Zenith. and the noise reduetion system
was developed by dbx Corporation.
{Those werc selecled over transmission
systems developed by the Electronic In-
dustries Association of Japan and Tele-
sonics Systems. Inc. and noise-reduction
systems developed by Dolby and CBS
Laboratories.)

Together. the Zenith transmission sys-
iem and the dbx-TV noise reduction sys-
tem make up the BTSC multichanne)
television sound or MTS system. We'll
tuke a close look at both systems a little
later on in this anticle.

Even though the FCC was presented
with a proposal for 4 single MTS sysicm.
the Commission’s decision still followed
an “open marketplace™ policy. That was
based on the (correct) belicf 1har MTS
technology will continue o advance
beyond the BTSC system. However. be-
causc the FCC was aware both of wha
happened with AM stcreo and the indus-
try’s proven desire for a single stundard.
they endorsed the BTSC system by pro-
tecting its pliot fone. That mcans thal the
pilot frequency may be used only by
broadcasters using the BTSC system. By
restricting the use of the pilot frequeney.
BTSC-type receivers arc protected from
falscly detecting other MTS formats. but
any other MTS system can be used if e
marketplace cails for ir.
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The BTSC system

Before latc March. 1984. the TV-audio
baseband—the band of frequencics from
0 to 120 kHz that contains a TV signal’s
audio infermatiol—was limited to carry-
ing only audio in the main chaunel (the
portion of the baseband from 50 Hz to L5
kHz). Now. thanks to the FCC decision.
the audio buscband is virtually unregu-
lated. For most of us, that means that we
can now listen to TV in sierco or in a
second language. But for broadcasters. it
means a8 number of options.

Figure | shows a “fully loaded™ MTS
audio baseband. We'll call it siereo +SAP
service. The frequency-modulated main-
channel audio is contained from 50 10 15
kHz. just as it is in any TV broadcast.
What is differeni from conventional TV
signals is that the buseband also includes
an amplitude-modulated srereo-dif-
Jference subcarricr. a pilot signal. o SAP
{Second-Audio-Program) channel. and a
professionad channel, But that is only one
of the possible configurations. Figure 2
shows three other possible configurations:
stereo service without SAP capability,
mono service with SAP capability. and
mono service without SAP capability.
Note that each configuration leaves room
for a professional channel.

The professional channel can be used
for a wide variety of non-program-related
uses. A TV station can use it 1o relay
broadeast materials 10 other stations. to
communicate with rcmolte crews. eic. But
the professional channel could alse be
used 1o transmit signals 1o you—or. 10 be
more precise—Ilo your TV recciver. For
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example, o signal could be sent 1o tum on
receiver noise-reduction circwitry. An-
other—though ynlikely—possibility is
that a TV station could transmit control
signals te your VCR so that it wouldn't
record commercials.

The professional channel is not re-
stricted to carrying TV-related signals: it
can also be used for subsidiary communi-
cations services {much like the broadeast
FM SCA services).

It's really here!

Before we go into some of the theory
behind MTS. let us cmphasize that stereo
television and multichannel TV sound are
here for real, The first commercial iclevi-
sion broadcast with stereo sound took
place during coverage of the 1984 Sum-
mer Olympics in Los Angeles. Television
digest. the industry newsletter. notes that
as of November |, 1984, 7 stations were
on the air with almost 200 others cither
testing or planning MTS. Table | is a list
of 1hose stations.

The Zenith transmisslon system

The MTS system that was chosen by
the industry and endorsed by the FCC is
made up of a transmission system and a
noise-reduction systtm. The transmission
system selected was developed by Zentih.

An imperiant aspect of the Zenith sys-
tem is that it is compatibile with the exist-
ing NTSC standard. That is imporiant
because any MTS sysiem not compatible
with existing TV’ would be useless—
neither the broadcasters nor the equip-
ment manufacturers would support it

[n order for MITS signals o be compati-
ble with conventional signals, the main
channel must be compatible. Therefore,
the main channel of the Zenith system
signal contains the monaural signal,
which is the sum of the left- and right-
channel signals. {We'll refer to the mon-
aural signal as 1he stereo sum ot L+R
signal). That L + R signal frequency-mod-
ulates the TV carrier in the same way that
4 conventional mono signal does.

The the stereo difference signal (L. — R)
amplitude-modulates a subcarrier cen-
tered at o 31.468 MHz—twice the hori-
zonal scanning frequency, 2fy. A pilot
signal, which is used by the recciver to
decode the stereo information. is located
in the audio baseband at the horizontal
scanning frequeney. fy, (15,734 kHz). As
we mentioned previously, while the rest of
the audio baseband is vinually unregu-
lated. that pilot frequency is protected un-
der FCC rules.

A standard {mono) TV set will ignore
everything but the main channel and will
recover the L+ R audio just as it would
any mono signal. A stereo-capable set,
however, will use the pilot signal both to
recognize that a stereo signal is present
and to generate a carrier for decoding the
L~ R component.
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All stations Stereo. non-SAP. unless other-

wise indicated In footnote.

Now broadcasting regularly in stereo:

WTTW Chicago. IL (PBS)
WTIC-TV  Hartford, CT {ind.}
KTLA Los Angeles. CA {ind.)=
KIRO-TV  Seattie, WA (CBS)
KOMO-TV Seattte, WA (ABC)
WDBB-TV Tuscaloosa, AL {ind.)
WTXX Waterbury, CT {ind:)
Planning fall 1984 start;
WZTZ-TV Boston, MA {ind.}
WEDH Hartford, CT (PBS)
WFSB Hartford, CT (CBS)
WTLV Jacksonville, FL {ABCY)
KABC-TV Los Angeles. CA {ABC)
KTLA Los Angeles. CA {ind.)*
KMSO-TV Missoula, MT" (CBS)
WNET N.Y. -Newark (PBS)
KATU Portland, MT {ABC)
KRBK-TV Sacramento, CA (ind.}
KPLR-TV St Louis, MO {ind.)
KSL-TV Salt Lake City, MO (CBS)
WMHT Schenectady-Albany- (PBS)
Troy, NY
WTVG Toledo. OH (NBC}
WNJT Trenton, NJ {PBS)t
KPOL Tueson, AZ® {ind.}f
Pranning winter 1984-85 start:
KTVA Anchorage, AK {CBS)
WGNX-TV Atlanta. GA {ind.}
WBZ-TV  Boston. MA {NBC)
WVIZ-TV  Cleveland, OH {PBS)
KERA-TV Dalias, TX (PBS)=
KOOD Hays-Russell-GL {PBS)
Bend, KS
KVVU-TV Henderson-Las Vegas.{ind.)
NV
WIUD Lakeland, FL" {ind.)
WMFP Lawrence, MA® {ind.}
WPBT Miami, FL (PBS)
WYES-TV New Orleans. LA (PBS)
WEDN Norwdch, CT {PBS)
KVIE-TVY  Oxnard, CA* (ind.}
WPSD-TV Paducah. KY {NBC})
WEEK-TV Peona. IL (NBC)
KPHO-TV Phoenix, AZ {ind.}
KSBW-TV Salnas-Monterey, CA (NBC)
KUED Salt Lake Cty, UT {FBS)s
KSAT-TV  San Antondo, TX {ABC)*c
KOVR-TY Sacramento, CA {ABC}
WFSU-TV Tallahassee, TN {PBS}
Pfanning spring 1985 start:
WTBS Atlanta, GA {ind.}
WJZ-TV  Balimore, MD (ABCj)a
WTTO Birmingham, AL {ind.)
KWHP Baise, ID* {ind.)
naw, Cedar City, UT*
WMAQ-TV Chicagoa, IL {NBC)
WCET Cincnnat,, OH (PBS)*
KHBS Ft. Smith, AR {ABC)»
KMSG Fresno {Sanger), CA® (Ind.)
wiXlI Greensbore-High {NBC)
Point-Winston-Salem,
NC
WITF-TV  Hamsburg, PA {PBS)
new, Idaho Fails, |D” {ind.}
WFYI Indianapolis, IN {ind.}
WRLR Las Vegas, NV’ find.)
WIYE Leesburg, FL {ind.}

TABLE 1—MTS BROADCASTERS

KNBC-TV
KWHY-TV
WBFS-TV
WMVS
WMVT
WLCT
WNOL-TV
WNBC-TV
WCFE-TV
WXXI
KCRA-TV
KETC
WOIC
KSMW
WACO
WRC-TV
WHYY-TV

Planning start in late 1985:

KNME-TV
KOAT-TV
KTUU-TV
WATL-TV
WCBB

WSKG
WGBH-TV
WNEV-TV
WNJS
WKYC-TV
KLBY
WOMH-TV
WOSU-TV
WTVN-TV
WJIBK-TV
WKBD-TV
WTVS
WXYZ-TV
KISM-TV
KVIA-TV
KJEO
WLRE
KHOU-TV
WVSN-TV
KIFI-TV
WJIXT
KATV
KHJ-TV
WMAZ-TV
WCIX-TV
WCCO-TV

WHLIM
WNJB
WEDY
WNYC-TV
KETV
WOFL
WXEX-TV
KISP-TV
WPBO-TV
KBYU-TV
K¥SL
KSDK
KRON-TV
KYEH
WSJU
WMHT

WVIA-TV
KIBS-TV

KREM-TV
KSCH-TV

Los Angeles. CA {NBC)
Los Angeies, CA {na.}
Myami, FL' {ind )
Milwaukee, WI {FBS)=
Milwaukee, Wi {PBS)=
New London’ {ind.)
New Orleans. LA {ind.)
New York, NY {NBC}®
Flattsburg, NY (PBS})=
Rochester, NY (PBS}
Sacramento, CA (NBC}
St. Louis. MO {PBS)
Shaker Heights, OH" (ind.}
Spokane, WA® {ind.}
Waco, TX' (ind.}
Washington, DC (NBC)
Witmington-Phila., PA {(PBS)
Albuguerque, NM (PBSH
Aibuquerque, NM {ABC}
Anchorage, AK (NBC)
Aflanta. GA {ind.)
Augusta-Lewiston-  (PBS)
Portland, ME

Binghamton, NY {PBS)n
Boston, MA (PBSp
Boston, MA (CBS)
Camden, NJ (PBS)?
Cleveland. OH {NBC)
Colby, KS* {ind.}
Cotumbus, OH {NBC)
Columbus, OH {PBS}
Coiumbus. OH {ABC}
Detroht. MI (CBS)a
Detroit, Ml {ind.)
Detrot, MI {PBSY'
Detroit, Ml (ABC})
El Paso, TX (NBC}
El Paso, TX (ABC)a
Fresno. CA {ABC)c
Green Bay {ind.)
Houston, TX {CBS)m
Humacao, PR' {(ind.}
tdaho Falis, 1D (NBC}»
Jacksonville, FL {CBS)
Littie Rock, AR (ABC)
Los Angeles, CA (ind.)®
Maceon, GA {CBS)
Miami, FL (ind.)
Minneapclis-Si. Paul, (CBSY
MN

Montclair, NJ {PBS})e
New Brunswick, NJ  {PBS)*
New Haven, CT {PBS)
NY {FBS)
Omaha, NE {ABC)
Orlando, FL {ing.)=
Rikchm'd-Pelersh'g, VA{ABC)
Phoenix, AZ ({CBS}
Portsmouth, OH {PBS)
Provo, UT {FBS)
Sacramento, CA {ind.}®
St. Lowis, MO {NBC)®
San Francisco, CA  (NEBC)
San Jose, CA {PBS)»
San Juan, PR* {ind.)*
Schenectady-Albany- (PBS)
Troy, NY

Scranton-Wilkes {PBS)
Bame-Hazleton, PA
Shreveport. LA {ABC)*
Spokane, WA, {CBS}

Stockton-Sacramentod {ind.}
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WEDL ;arnpa-St. Petersburg, (FBS})
L
KCEN-TV Temple-Waco, TX {NBC)a
WNJT Teenton, NJ (PBS)
KUAT-TV  Tucson, AZ {PBS)
WILL-TV  Urbana-Champaign. IL{PBS)»
KMPH Misalia-Fresno, CA  ({ind.)
WPEC West Palm Beach. FL {ABC)2
Flanning 1986 start:
WSBK Boston, MA (ind.}
WUFT Galnesville, FL {PBS)
WIKS-TV  Jacksonvile, FL {NBC})
WFMY-TV  Greensboro-High {CBS)
Poinl-Winston-Salem,
NC
KSHB-TV  Kansas City {ind.)
WHA-TV  Madison, W! {PBS)
WFTV Orlanda, FL {ABC})
KDNL-TV 81, Lows. MO (ind .}
WGGB-TV Spfid.-Holyoke, MA  {ABC)
Pranning start atter 1986:
KMTF Fresno, CA (PBS)
WLFI-TV  Lafayette-Kokomo, IN {CBS}
WNMU-TV Marquette, MI {PBS)
WITI-TV  Milwaukee, Wi (CBS)
WTSP-TV  5t. Petersburg-Tampa. (ABC)
FL
KVIE Sacramento, CA {PBS)*
KCTS-TV  Seattle, WA (PBS}
Planning MTS; no date:
WNUV-TV  Baltimore, MD {ind.)
WRBT Baton Rouge, LA {NBC)
WBNG-TV Binghamton, NY {CBS)®
WBMG Birmingham, AL {CBS)
KFYR-TV  Bismarck, ND {NBC)
KTvB Boise, 1D {NBEC)
KMGH-TV Denver, CO {CBS)*
WGFPR-TV Detroit, M| (ind.)
WFIQ Florence, AL (PBS)
WSWP-TV Grandview, WV (PBS)
KHON-TV  Honolulu, H} (NBC)
WISH-TV  Indianapolis, IN {CBS)
WICT Jacksonwitle, FL (PBS)
KHGI-TV  Kearney-Hastings, NE (ABC)
KARK-TV Littie Bock, AR {NBC)
KTHvV Littie Rock. AR {CBS)e
KCET Los Angejes, CA (PBS)
WISN-TV  Mitwaukee, Wi {ABC)
WIVF Nashville, TN {CBS)
WDSU-TV New Oreans, LA {NBC)
WUTC Pensacola, FL' {ind.}
KAET Phoenix, AZ {PBS)
KOLO-TV  Reno, Nv {ABC)
KXTV Sacramento, CA {CBS)
KPBS-TV  San Diego, CA {FBS)*
KPIX San Francisco, CA. (CBS)
KSAF-TV  Santa Fe. NM {Ind.y
WAKA Selma. AL {CBS)
KOLR-TY  Springfisld, MO {CBS)
WTOV-TV  Sreubenvilie, OH- {NBC,
Wheeling, WV ABC)
KAII-TV Wailuku, Hi {NBC})
KAUZ-TY  Wichita Falls, TX {CBS}

' Construction permit. not on air.

& Stereo & program-related SAP

& Nan-program-related SAP only

@ Program-related SAP only

@ Adding stereo to SAP

¢ Stereo and non-program-related SAP
' Sterec, program and non-program SAP
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By combining the steréo sum and dif-
ference signals in-phase and out-of-phase.
the siereo decoder can reconstruct the in-
dividual left- and right-channel signals.
That can be seen by the following equa-
tions:

(L+R)+(L—-R) = 2L

(L+R)~(L-R) = 2R
[f you're familiar with broadcast FM ster-
¢0. you've probably noticed ihat siereo
TV uses a somewhat similar encoding
method. There are some differences. The
most imporiant—which we’ll describe in
detail—is that the AM stereo-difference
subcarrier is compressed.

A block diagram of the Zenith trans-
mission system is shown in Fig. 3. Note

that the Zenith composite signal that
drives the aural (audio) transmitter is the
sum of two signals—the stereo-generator
and SAP-generator outputs.

The stereo generator

The input to the stereo-generator. as
shown in Fig. 4, is made up of three sig-
nals: the left- and right-channel signals
and the horizontal-syne signal. The L and
R signals are first fed through lowpass
filters to remove out-of-band cemponents
that could cause crosstalk and inter-
modulation. The L and R signals are then
fed to a mairix circuit that forms the ster-
eo-sum (L+R) and -difference (L~ R)
signals. Note that the L + R signal under-
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goes a T5ps preemphasis (as FM radio
signals and mone TV-audio signals nor-
mally do) while the L—R signal under-
goes a variabie compression (the anount
of compression is determined by the dbx
compressor). We'll Jook a1 preemphasis
and compression circuilry nexi month.

To prevent overmodulation and inter-
ference with other portions of the base-
band (including the pilot and SAP
channel), both signals are fed through
clippers and lowpass filters.

Although not shown in Fig. 4, equal-
izers are normally included in one or both
of the L+R and L—R paths. They are
placed there to help ¢nsure proper stereo
separalion.

Because the dbx-compressor output
may contain a large amount of noise, it
may be difficult to measure such things as
stereo scparation. To overcome that, as
shown in Fig. 4, switches are provided to
take the compressor and/or the clippers
and lowpass filters out of the circuit.

A subcarrier at 2f},, twice the horizon-
1zl line frequency, is AM-DSBSC (AM
double-sideband, suppressed carrier)
modulated by the compressed L—R sig-
nal and is summed with the pre-
emphasized L+ R signal. The 2f},
subcarrier signal is also divided by two to
supply the pilot tone. The composite ster-
¢o signal that is outpul from the stereo
generator contains the siereo sum {Mono)
signal, the stereo difference signal, and
the pilot tone,

The SAP generator

A block diagram of the other major
component of the Zenith transmission
system—the SAP generafor—is shown in
Fig. 5. The SAP audio is processed in
much the same way thal the stereo-dif-
ference signal is. A lowpass filter is used
10 remove high-frequency componenis
that could overload the compressor, and a
clipper is used to prevent overmodulation
of the SAP subcarrier and thus prevent
interference with the rest of the audio
bascband. Equalization, which was used
in the stereo generator to preserve stereo
separation, is not nceded here,

Note the 5f;, phase-locked loop in Fig.
5. The compressed audio is added to the
PLL control voliage and thus frequency-
modulates the VCO (voliage cnntrolled
oscillator). The frequency modulated sub-
carrier is then passed through a bandpass
filter to protect the other audio signals
from SAP spillover interference.

Now, if we look back to the block di-
agram of the Zenith transmission system
(Fig. 3), we see that the outputs of the
stereo generator and SAP generator are
added together to form the composite sig-
nal, which frequency-modulaics the TV
audio camier.

Next time, we'll look at the noise re-
duction technigues used in the BTSC sys-
tem and why it’s 50 important. R-E
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STREAMER
FOR YOUR
COMPUTER

MIKE HUDDLESTON

Are incompatible disk formats keeping you from transferring files from one computer to
another? This universal cassette interface can solve that problem. And at 4800 baud, it can do

it in a hurry!

THE COST OF MICROCOMPUTER COMPO-
nents seems destined 1o continue to drop.
Now you can build or buy computers at
prices that seemed unbelievable just a few
years ago. But when you add Aoppy-disk
drives, the picture changes. Disk drives
haven't dropped in price like other com-
puter hardware has—and it seems likely
that disk-drive prices will stay high. s
there a low-cost alternative?

Many of you probably have answered.
audio cassettes.” Yes. they can be used
but—when compared to disk drives—
their slow and unreliable performance
leaves much to be desired. We'll show
you, however, an easy-to-build cassetie
interface that may change all thar.

That interface, which we'll call a
Streamer, is a very fast, highly reliable
universal audio cassetie interface de-
signed to be a low-cost alternative to flop-
py disks. If your compulter has an R§-232
pont. you can use the Streamer to transfer
dzta 1o any other computer similarly
equipped. You can transfer any program.
wrilien on @Ry computer, 10 any other
computer using a compatible language.
For example, the author routinely writes
and debugs assembly-language programs

at work on an Intel development system,
and brings them home on a cassette so that
they can be run on his “homebrew™ §080-
based computer. He has also transferred
BASIC listings from a 6502-based system
1o cassene $0 that the programs could be
run on his system. (Of course. while the
BASIC implementation may vary from
one system to another. those differences
are usually casy to work around.)

The same thing can be done with other
high-level language programs. like FOR-
TRAN or Pascal: The listings can be
transferred from ene compuier to cassetic
tape and then they can be loaded into your
next computer. without worry of disk
compatibility. Obviously, doing the same
thing in these days of endless 5Y-inch
disk formats would be virtually impossi-
ble if the systems were not identical.

Streamer basics

The name “Streamer™ is computer-
shop taik for ""streaming tape interface.”
a term normally used to refer o magnetic-
tape systems that are used for disk backup.
1f you're looking for something to replace
foppy-disk drives, you should first under-
stand that a streamer is not a random-
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access drive like a floppy disk—the tape
moves in one direction only. and files
must be accessed sequentiaily,

The Streamer has no provisions for
moter controls. which greatly simplifies
its construction and interfacing. but re-
siricts its operation to the manual mode., If
you use shon (5-minutc) casseties. and
put only one program or one file on each,
the interface will be easier 10 use. The
cassettes are cheap and reiiable, but their
random accessibility is limited by the time
il takes me [0 remove one cassette and
replace it with another.

In the course of designing of the
Streamer. several encoding techniques—
from Kansas City Standard to FSK and
PWM-—uwere tried. The method chosen
was Manchesrer encoding, which we’ll
look at in some detail next month. Meth-
ods of data recovery evolved from the use
of filters and phase-locked loops to digital
timing. The result is a low-cost but high-
performance cassetie inierface.

ust what do we mean by “"high perfor-
mance?” The data-transfer rate is 4800
baud or bps (Bits Per Second). What that
means is that a 16-kilobyte program can
be loaded in as litle as 38 seconds. The
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Learning electronics
IS 1O picnic.

s B

At any level it takes
work and a few
sacrifices. But with
CIE, its worth it.
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Whoever said, “The best
things in life are freel was writing a
song, not living a life. Life is not
just a bowl of cherries, and we all

ow it

You fight for what you get. You

et what you fight for. [f you want a
orough, practical, working knowl-
edge of electronics, come to CIE.

You can learn electronics by
spending some hard-working time
at home. Or, would you rather go
bowling? Your success is up to you.

At CIE, you earn your diploma.
Itis not handed to you simply for
puttingin hours. Butthe hours you do
put in will be on your schedule, not
ours. You don’t have to go to a class-
room. The classroom comes to you.
Why electronics training?

Today the world depends on
technology. And the “brain” of
technology is electronics. Every
year, companies the world over are
finding new ways to apply the
wonders of electronics to control
and program manufacturing,

rocessing...even to Ccreate new
eisure-time products and services.
And the more electronics applica-
tions there are, the greater the need
will be for trained technicians to
keep sophisticated equipment finely
tuned and operating efficiently.
That means career opportunities in
the eighties and beyond.
Which CIE training fits you?

Beginner? Intermediate?
Advanced? CIE home study courses
are designed for ambitious people
at all entry levels. People who may
have:

1. No previous electronics knowl-

e, but do have an interest in it;
2. Some basic knowledge or experi-
ence in electronics;

3. In-depth working experience or
prior training in electronics.

You can start where you fit and
fit where you start, then go on from
there to your Diploma, an Associate
Degree if you want it, and career.
Many people can be taught
electronics.

There is no mystery to learning
electronics. At CIE you simpl( start
with what you know and build on it
to develop the knowledge and tech-
niques that make you a specialist.
Thousands of CIE graduates have
learned to master the simple prin-
ciples of electronics and operate or
maintain even the most sophisti-
cated electronics equipment
CIE specializes in electronics.

Why CIE? CIE is one of the
largest independent home study
schools that specializes in electron-
ics. Nothing else. CIE has the elec-

tronics course that’s right for lyou.

Learning electronics is a lot
more than memorizing a laundry list
of facts about circuits and transis-
tors. Electronics is interesting! It is
based on recent developments in the
industry. It's built on ideas. So, look
for a program that starts with ideas
and builds on them. Look to CIE.
Programmed learning.

That's exactly what happens
with CIE's Auto-Programmed®
Lessons. Each lesson uses famous
“programmed learning” methods to
teach you important principles. You
explore them, masterthem complete-
ly, before you start to apply them.
You thoroughly understand each
step before you go on to the next.
You learn at your own pace.

And, beyond theory, some
courses come fully equipped with
electronics gear (the things you see
in technical magazines) to actuall
let you perform hundreds of check-
ing, testing, and analyzing projects.
Experienced specialists work
closely with you.

Even though you study at home,
you are not alone! Each time you
return a completed lesson, you can
be sure it will be reviewed, graded,
and returmed with appropriate
instructional help. When you need
additional individual he]p,lgou get
it fast and in writing from the
faculty technical specialist
best qualified to answer
your question in terms
you can understand.

T T I T T T T T T IIT T TIT T T}

Cleveland Institute of Electronics, inc.

CIE offers you an Associate
Degree.

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
of the number needed in some cases.

You can also prepare for the

overnment-administered FCC

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

Today is the day. Send now.
Fill in and return the postage-
free card attached. If some ambitious
person has removed it, cut out and
mail the coupon. You'll get a FREE
school cala]og plus complete infor-
mation on independent home study.
For your convenience, we'll try to
have a CIE representative contact
you to answer any questions you
may have.
Mail the card or
the coupen or write
CIE (mentioning the
name and date of
this magazine) at:
1776 East 17th
Street, Cleveland,
Ohio 44114.

REOQ3

0

1776 East 17th Street. Cleveland. Onio 4414
A 183 Mambar Nalb

CIE school eatalog. ..including

| Home Study Council

YES...t want to learn from the scﬁsecialists in electronics — CIE. Send me my FREE
tails about the Associate Degree program...
plus my FREE package of home study information.

MAIL TODAY!
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Print Name

Address Apt

City. State Zip—=—_

Age Area Code/Phone No. h

Check box for G.1. Bil) bulletin on Educational Benefits: [] Veteran [J Active Duty
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Sircamer is reliable. too—the casseits
deck is the limiting factor. so a high-
fidelity type deck is recommended. (The
author has used a $69 stereo unii forovera
year. and has had no permanent errors.
When 8 read error occurs. a simple clean-
ing of the heads and capstan eliminates
the problem.)

Along with its speed and universality,
the cassette sireamer has another attrac-
tive feature: It can be built for about S60.
All the electronic parts are standard, and
all are avallable from the vendors who
regularly advertise in Radio-Electronics.

The Streamer clrcult

Figure | is a schematic of the interface
circuitl—we'l] start our look at it with the
power supply. The circuit requires & volt-
age supply between 8 and 16 volts DC at a
typical current drain of only about 30 mA.,
That can be supplied by an extemal wall
plug DC supply or it may be “stolen”
from the computer or the tape deck., If the
computer supply is to be used, the power
c¢an be run through pib 25 of the the DB23
connector. If you use a miniature ¢losed-
circuit phone jack (J3) and wire it as
shown in the schematic, then you can con-
veniently have your choice of elther.

Electrolytic capacitor C14 provides fil-
tering for the raw DC (which powers the
RS-232 interface and is the input to the
five-volt regulator, IC15). The negative
voltage required for RS-232 is furnished
by a charge pump: Transistor QI is alter-
nately turned on and off by a 76.6-kHz
clocking signal provided by 1C3, and
charges developed across CI6 are trans-
ferred to C15 through D3 A negative wolt-
age of slightly less magnitude than the
positive supply veltage will be developed
across C15 for use by the RS-232 output
stage.

The circuit’s clock is made up of a
2.4576-MHz crystal (XTALI), and an EX-
CLUSIVE-OR gate {[C2-d) that's connected
as an inverter. The clock's output is divid-
ed by IC3, a 4040 ripple counter, for the
various frequencies needed by the rest of
the circuit. The outputs at pins 2. 3, and 5
of 1C3 are baud-rate clocks for the UART
(Universal Asynchronous Re-
ceiver/Transmitter).

The UART uses a clock at 16 times the
data rate, so the signals at pins 5, 3, and 2
{which are 153.6 76.8, and 38.4 kHz)
correspond to UART baud rates of 9600,
4800. and 2400 bits per second, respec-
tively. The UART transmitter {(which
sends data back to the computer) always
runs at 9600 baud, so its TRANSMITTER
REGISTER CLOCK. (pin 40} is direcily con-
nected to pin 5 of 1C3. However, since
data from the computer to the Streamer
may be either 2400 or 4300 baud, a switch
is provided to select different RECEIVER
REGISTER CLOCK (pin 17) connections.

RS-232 interfaces are usually crystal
controlled. Fortunatety, UART’s are for-

PARTS LIST

All resistora Ve watt. 10% unless other.

~ wise noted

R1—1000 ohms. PC-mount, timmer po-
tentiometer

R2. RS. RE, RN, R18, R17, R20. R28,
R28—1000 ohms

A3, R4, AT, RB, R13, R4, B, R19, R22,
R23, R25, A28, R30—10, 000 ohms

R3—1 Magohm

A10—100,000 ohme

A2, R2t, R27—47.000 ohms

R15—10 Megohms

R24—2200 ohms

R31—330 ohms

Capacitors

€1, C4, C13—10 uF, 25 wits, electrolytic

C2, C21—0.001 uF, ceramkc disc

C3. C12,. C16—0.1 pF coramic disc

C5,C7.€17,C18,C20, C22, C23, C24—
0.01 or .1 uF bypass capacitors (not
shawn in schematich

C&, C10—20 pF, cerami; disc

C8, Co—250 pF ceramc disc

C11—6 pf, ceramic disc

C14—100--330 pF, 25 vorts, slectroblic

C15—47-220 pF, 25 vohs. electrolytic

C19—0.01 uF, ceramic disc

Semiconductors

IC1—LM392 ot LM2924 op-ampfcom:-
parator

IC2—4070 or 74C8E quad xon gale

C3—4040 12-stage binary npple counter

IC4,1C8— 4020 presaltabls up/down
counter

1C5-—4520 dual 4-bit synchronous coun-
tar

1IC7—4011 quad 2-npul KaND gate

1C8—4027 dual FK Mp-fiop

ICY, iC12—74{74 dual D-type fip-flop

IC10-—4015 dual 4-bit stahc shift register

tC11—6402 CMOS UART (sinters)

1C13—4021 B-stage static shiit register

1C14—LM339 quad comparator

{C15—78BLOS low power S5-voit regulator

CA-D5—tNG14 or similar

D&, D7—standard red LED

1, Q3—2N3904

Q2. O4—2N3ISCE

XTAL1—2.4576 MHz crystai

MISCELLANEQUS: PC boasrd, an-

clasure, DPDT switch, DB25 connector,

phono jacks for tape deck connectlors,

hargwane, scider, alc

The tollowing are avallable from Stone

Mountain Englneering Co., PO Box

1573, Stone Mountain, GA, 30086:

Printed gireull board, double-aided

with platad.through holes, solder

masked and silksersened, for $28; En-

closure, with ali holes punched and

legends silkscreened, $16; Both PC

board and enclosure for $40_ All orders

must include $1.50 shipping and han-

dliing, and Georgin residents plcase

entlose 3% sales lax.

giving of small differences between
clocking frequencies. That's important
because an RS-232 data stream is contin-
uous—that is, the stop bit of one word is
followed immediately by the start bit of
the next. Although it would seem there is
no margin for error, UART's do allow for
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some timing variations by accepting stop
bits that-are either shon or long, then re-
synchronizing on the following start bit.

The Streamer extends that idea by send-
ing bits to the cassette tape at a slightly
faster rate than its UART receives them.
(For an RS.232 input with a data-rate of
4800 bps, the output sent to the tape is at
5486 bps, allowing a timing mismatch of
12.5%.) If the computers baud.rate clock
is a little too fasi. the Streamer's UART
will be overrun. As we mentioned pre-
viously. RS§-232 can accept stops bits that
are either long or short (1% bits for exam-
ple). But there is nio way to represent a half
bit in Manchestct encoding. (That will
become obvious when we discuss the en-
coding next month.) So, when the
Streamer UART is overrun, it fills its idle
bit times with marks {which is the con-
vention), and inserts them as needed to
make up an integral number of stop bits.

That accounts for the difference in
speed from UART-to-UART, but not for
the (typically worse) cassette-playback
variations. Tape timing is relisbly re-
covered by timing cach bit {Manchester
encoding is bit-synchfonous), but since
the data may play back faster than it was
recorded, it may be returned to the com-
puter at a still faster rate. To keep things
compatible with RS-232 standards, the
bits from the tape are gathered in one ata
time, grouped into 8-bit words, and re-
turned to the computer at 9600 bps.

Synchronous counter 1C4 provides the
Streamer with the tape-daia rates. For an
RS-232 rate of 4800 bps. the tape, as
mentioned earlier. is recorded at 5486
bps: while at 2400 bps, the tape-data rate
is 2560 bps. 1C4 and 1C2-c form a counter
that divides by ¢ither 7 or 15, depending
on the bit rate selected by S1. Since its
input is 614.4 kHz, its ocutput will be ej-
ther 87.77 kHz or 40.96 kHz, sixtcen
times the tape bit rate. That 16X bit rate
will be used by both the receiver and the
transmitter sections.

The recelver

The CMOS UART, IC1I, has two sepa-
rate functional sections; an NRZ receiver
with parallel output, and a parallel-input
NRZ iransmitter. {We'll discuss NRZ en-
coding—and compare it to the Man-
chester coding that this interface uses—
later on in this aiticle.) The receiver sec.
tion of the UART, in conjunction with
1C12, I1C13, IC14-d, IC5-b, IC8-b, and
1C7-d comprise the RS-232-to-Man-
chester conventer. Comparator 1C14-d,
along with its associated discrete compo-
nents, converts incoming RS-232 data to
TTL-level NRZ code. That code is applied
1o the serial input (pin 20) of the UART
receiver section, which is ¢locked {on pin
I7) at the appropriate rawe for RS-232
standard compatibility.

An 8-bit shift register (1C13) and a flip-
flop (IC12-b) are connected together to
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FIG. 1—CASSETTE INTERFACE SCHEMATIC. The main seclions of the circult sre the power supply.
. cryslal-conirolled clock. RS-232-to-Manchester converter, and 1he Manchester-to-RS-232 converler.
2 Although not shown, bypass capachors (0.1 or 0.01 wF) should be (ocated at some of the IC's
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FIG. 3—RECEIVER TIMING OIAGRAM. The Manchestes signal received from Ihe tape i3 shown in &
latier conditioning by IC1). The output of ihe fransitlon detecior {IC2-a) |s shown In b. Each transiiion ot
the Manchester code producas & positive pulse. The carry dulpul from ICE (used to determine bil
senss) |8 shown In €. The recovered clock |3 ahown in d, while the reconsiructed HRZ code al the

output of ICB-a |8 shown in e.

form a 9-bit parallel-load shift register.
Their serial input, pin 11 on IC13, is held
high so that marks are clocked through
when nothing is parallel-loaded. Oncethe
UART receives a serial word from the
compuiter, 1C12-a synchronizes the UART
to the tape-data rate from 1C5-b, loading
IC13 with the eight bits from 1he UART.
and 1C12-b with a low for a stant bit. The
9-bit register combination now inctudes a
start bit and eight data bits.

The shift register is ¢clocked at the tape-
bit rate from IC5-b, pin 14, Assoonas it is
synchronously loaded by ICI2-a. it be-
gins shifting out the loaded data at the
tape rate, and follows it with as many
marks as necessary until the next word is
loaded. The effect of the circuit is that it
simply changes the data rate of the re-
ceived word; the shift register output from
IC12-b is siill NRZ-encoded. but now at
the faster tape-data raie.

An example of this NRZ code is shown
in Fig. 2-b. along with the tape rate clock
in Fig. 2-4. Those signals are combined in
Nanp gate IC7 to produce the signal
shown in Fig. 2-¢. This is applied to [C8-
b, which is configured as a toggle flip flop.
The flip-flop will toggle whenever the
NAND gate output is high and the clock
(Fig. 2-d) makes a positive transition. The
output of this flip flop. shown in Fig, 2-e.

is the resulting Manchester code. Re-
sistors R24 and R25, with eapacitor C19,
round off the Manchester bits and reduce
their amplitude for application to the tape
deck.

The transmitter

The transmitter section of [CIl, with
the remainder of the circuit compenents,
recover the Manchester code fromthe cas-
sette and convert it to standard RS-232.
The tape signal s applied 10 R1, a potenti-
omcter that is normally full on. it is then
lightly filtered. coupled to an amplifier
stage (iC1-a) and passes 1o 8 Schmin trig-
ger (1C1-b), which outputs TTL-level
Manchester data at pin 1. If you look at the
signal on [C1 pin | with an oscilloscope,
you'll see the recovered Manchester code,
as shown in Fig. 3-a. Since that code is
sensitive only to1ransitions (and not to the
level), the signal is applied 1o R12, €6 and
iC2-a, a tranmsition detector, which out-
puls a pulse of about one-microsecond at
each transition.

Although we’ll be discussing the cod-
ing format in detail. for now let us say that
marks will be represented here by transi-
tions a full bit ume apart, while spaces
have transitions occurring twice cach bit
time. That is illustrated in Fig. 3-5.

A 4-bit uprdown counter ([C6) is used
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here as a synchronous one-shot. it is con=
tinually clocked at its couNT inpul by the
16X tape rate from IC2-¢. and outputs a
low pulse from its CaRRY output (pin 7}
whenever it reaches a count of |5, Each
tinie a transition is received, however, the
output of 1C2-a presets the counter to a
value of four. So. as long as spaces are
being received. 1he counter is preset every
cight or so clock pulses. so it never
reaches the count of 15 before il is ugain
preset to four. Mark bits. on the other
hand, have transitions only half as often as
space bits. 50 the counter will reach its
terminal count, and output a carry. when a
mark is received. Figure 3-¢ is the output
from the synchronous one-shot, 1C6.
Note that the pulses in Fig. 3¢ indicate
the presence of a mark; no nutput indi-
cates & space.

IC9-a is the clock-recovery flip-flop.
The clock signal is derived from the re-
ceived data: the Streamer’s internal clock
is used only to test the scase of each bit, in
keeping with the bit-synchronous nalure
of this Manchester code. While spaces are
being received, IC2-u pulses two Limes
per bit, toggling 1€9-a twice. When a
mark is received, its single transition 10g-
gles the flip-flop. and then the carry from
I1C6 presets [C9-a. That corrects the phase
of the clock so that, as soon as a mark bit
is received, the clock runs in the comect
phase. The clock cutput, 1C9-a. pin 6, is
shown in Fig. 3-d.

The sense of each bit is detecied by
[CB-a—its output is shown in Fig. 3-e.
Wired as a R-S flip-flop. IC8-a is set by the
mark-detector output from [C6, and reset
by clocking from the inverted data clock
from [C9-a, pin 5. The clock and data
inputs are applied to IC10, which is wired
as an 8-bit serial-load shift register. At the
cnd of an eight-bit word, the contents of
this shift vegister are iransferred to the
UART transmitter, which then outputs
NRZ code at 9600 bps

A bit counter is made up of 1C9-b and
IC5-a. To understand their operation, as-
sume that 1C5-a has its Q4 cutput (pin 6}
high. That output is connected to its EN-
ABLE input, which means that i1 will not
accept any input clocks until Q4 goes low
again (i.e.. until it is reset). it witl remain
in that state until a start bit. a space, is
detected.

On the next occurrence of a start bit
from the bit-sense detector {(IC8-a) and a
clock from 1C9-a, 1C9-b’s inverted cutput
{pin B) goes high. Since that output is
connected back to the RESET input on IC5-
. the reset operation takes place. which
drops the output from o4 and re-gnables
the counter. As the Q4 oulput goes low.
1C9-b becomes preset, bringing its inver-
ted output back low and removing the
reset command from 1C5-a. 1t is held pre-
set until IC5-a has counted eight clock
pulses, comesponding to eight bits being

continued on page 16
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Servicing

Videodisc Players

NOW THAT WE'VE SEEN HOW THE LV AND
CED systems work, we are ready (o tum
our atention o cur main topics—how to
properly troubleshoot and service vid-
eodisc players.

Tools

Although there is no standurdization.
most videodisc players require some form
of special tools for full service. Study the
service literawre and use the recom-
mended tools. If the tools appear in Lhe
literature, they should be available from
‘the manufacturer. Of course. there are fac-

JOHN LENK

If you want to learn more

about videodisc players and how
to service them, this article is for you. In it

we cover both LV and CED players.

tory assembly tools that may not be avail-
able for field service (not even to factory
service-cénters. in some cases). That is
the manufactures’s subtle way of telling
service technicians that they should not
arempt any adjusiment (¢lecincal or me-
chanical) not recommended in the service
literature. Tuke that hint! The author has
heard many horror stories about “disasier
area™ plasers brought in to factory service
people after a fow simple adjustments.”
Also keep in mind that most players are
manufactured to merric srandards and
your lools must match.
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Checkout and preliminary trou-
bleshooting

Before concluding that the player is out
of order. run through the following notes
and make sure that there is not a simple
remedy for the problem.

If the lid does not open on an LV player,
check that power is on. Try pressing the
STOP/EJECT button to release the lid latch.

If the caddy entry door on a CED player
does not open, make surc the FUNCTION
lever is in load (for manual players), or
that power is applied and the operation

5861 AYvNyHa34
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switeh is set 1o on (for automatic load
players).

1f the dise does not appear to rotaie (you
can’t hear the disc motor uening), check
that power is on. On LV players, check
that the lid is properly closed (to close the
interlocks).

If the disc stops rotaling soon after
starting, it is possible that you are playing
an unrecorded side of the disc. Try uming
the disc over.

If the disc rotates, but there is no pic-
ture check the following: Are the connec-
tions between player and set correct? Are
the player and TV set on the same chan-
nel? 1s the player in pause mode?

If the picture quality is bad {with proper
connections and both 1he player and the
TV set on the same channel). check the
fine wning on the TV set. The player out-
pul is on an Inactive TV channel and,
since that channel is not ordinanily used,
fine tuning may not be precisely adjusted.
[£ picture quality is still bad, try a different
disc {a known good disc).

If the TV no longer receives other chan-
nels after being connected 1o the player,
make sure that the antenna cabie is con-
nected to the player. Then check that the
player is off (FUNCTION lever set to off.
power switch off, etc.}

If a particular part of a disc does not
preduce a good picture, the disc is possi-
bly damaged. Try pressing the scan {or
similar) butions to skip over the damaged
ponion.

If the remote control does not work, Iy
replacing the batteries (on those remotes
that do not have direct wiring). Also check
for obstructions between the player and
remote.

Serviclng videodlsc players

If none of the above cures the problem,
you must go inside the player. It is impos-
sible to describe full troubleshooting or
service procedures for any type of player
within the limits of this article. You must
read the service literature. But we will. in
the balance of this article. give you some
service notes that can make the job of
servicing either a CED or LV player a lot
€asier.

As a starting point for either type of
player, insent a known good disc and run
through all operating procedures. If one
or more of the operating features is absent
or abnormal. install the recommended
test disc and run through the adjustment
procedures. That can often lead to the
source of the problem, since the adjust-
ment procedures usually require that you
monitor the inputs and/or outputs of all
circuits and sections in the plaver.

If the player is still not functioning
properly, go through the following service
notes. and compar¢ them 10 any pro-
cedures recommended in the service liter-
ature. Keep in mind that the circuits
referenced in the following are " typlcal

TABLE 1—LV TROUBLESHOOTING GUIDE

Symptom

Power on indicator does not hght

Power on; pectud, soyund not muted

No picture. na sound, disc does not spin

No picture, no scund, disc speeds up and
slows

No pecture, no sound. objectrve lens focused

No picture, sound is normal
Esrratic picture, picture shakes and skips

Picture i0ses sync, picture jtiers, disc speed

vafies
Color streaking of loss of color In picture
Excessive dropout in picture
No sound, picture i normal
Distorted sound. pecture is normal
Either sound channel does nol nute

Picture sticks and repeals (disc known (o be

good)

No search jorward or reverse

Index numbers missing or incorrect, index
number background missing

Nao special effects, ematic special effects,
skips dunng special effecis

for a cross-section of videodisc players.
You must check at the corresponding
points on the circuits of the player you are
servicing.

Serviclng LV players

Table 1 lists various symptoms com-
mon (0 most LV players. Figure 13 is a
block diagram of a typical LV player.
After selecting the symptom from Table |
that matches that of the player being ser-
viced, follow the steps in the trou-
bleshooting procedures using Fig. 13 as a
guide. The procedures described help iso-
late the problem ro a defective medule or
compenent. Keep in mind that a high de-
gree of integration is used in videodisc
players and, thus. defective sections must
usually be replaced in their entirety, The
adjustments listed at the beginning of
each procedure are those usually associ-
ated with the related circuit. If possible,
always check the adjustments (using the
service literature) before proceeding with
service.

Prior to replacing the slide assembly, or
making any substantial mechanical ad-
justments, always check for any purely
mechanieal problems that can affect play-
er operation. [f the picture skips or re-
peats, check for a misadjusted slide drive,
poorlead dress, misadjusted slide rails, or
anything that can inhibit slide movement.
The slide must move freely beneath the
disc. If a “"ratcheting” noise is heard. it is
possible that the slide is adjusted too
loosely.

Low-voltage power-supply circuits,
Monitor all of the supply output voitages.
Typically, that includes *12- and =24
volt outputs, und possibly =+ 5-volts for
microprocessor Of other control logie.

Mute circuits. When power is first ap-
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Circuits To Check

Low-voltage power supply circuits
Muta circurs
low-vollage power suppty Circuits. and starts

up sequence-molor acceleraios circuits
Low-voltage power supply, l1aser power
Supply,

and start-up sequence-focus circuits
Signa! plocessing circuits
Signal processing Circuits
Radial rackong circults
Tumiable molor circuits

Tangential tracking circults
Dropout compensation circuls
Sound circuts

Sound circurts

Sound circuits

Shde drive and search circulls

Shde drive and search circuits
Indlex circuils

Track jumping clrcuits

plicd. both sound and picture should mute
{dark screen, low volume). If the picture
does not mute, check to sce if a video-
mute signal to the video processor is miss-
ing; if so, replace the mode control. [f itis
present, try grounding the composite-vid-
eo line from the video processor. If that
still does not mute the picture, replace the
VHF modulator, after checking for proper
power and anténna conneclions.

If the sound does not mute, check for
sound-muting inputs to the sound demod-
ulators. If they are missing at &ither input.
replace the mode control. If present ar
both, remove demodulator [. 1f sound
then mutes replace demodulator 1. If
sound still does not mute. replace demod-
ulator II.

laser power-supply circuits. First
eheck the laser adjustments (if any), and
then check for 5-volts at the laser supply
test poini, Most LV players provide sucha
test point for & quick check of the laser so
that a direct measurcment of high voltage
is not required, Also check if the laser
tube is glowing. A strong plow usually
indicates that the high-voltage is present
and the laser is good.

Start-up sequence-motor acceler-
ator circuits. If the disc does not spin
after the lid is closed, check connections
between the lid switch and motor drive. If
that is fine, ground the motor-acceleration
line from the sequence logic to the motor
drive. If the disc stans spinning, remove
the ground and check the motor-speed
signal to the sequence logic. [f the signal
is present, replace the sequence logic. If
missing, replace the search adaptor. If the
disc does not spin when the motor acceler-
ation line is grounded, emove the ground
and check the lid swilch and turntable
molor.
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Start-up sequence-focus circuits.
Frst check the focus gain adjusiments. As
soon as the disc is spinning af the correct
speed, the objective lens should rise and
focus on the disc. Listen closely 1o deter
minc if the objective lens is moving up
and down (searching for focus). If the lens
is not moving. check for a laser-on signal
from the laser supply 10 the sequence log-
ic. [f present check for a motor-speed sig-
nal from the search adapter. If missing.
see if the molor-speed-sense signal to the
search adapter varies as the wmtable
motor speeds up and down. If so. replace
the search adapter. If motor-speed-sense
signal is absent or abnormal, replace the
motor drive.

If the motor-speed signal to the se-
quence logic is normal, check for a focus-
Ioopswitch signal to the focus drive. If
missing. replacc the sequence. [ present.
check for & focus-drive pulse 1o the objec-
tive lens (that is usually about I-volt peak-
to-peak). If missing. replace the focus
drive. If present. bul the objective lens is
not moving, check for a binding objective
lens. open lens €oil, or poor ¢onncctions
between the lens (which is on the slide)
and the focus drive.

If the objective lens is moving. but not
achieving focus, check for an FM signal
{about 100-mV peak-to-peak) from the
preamplifier to the high-frequency pro-
cessor. If present. check for an FM oulput
from the high-frequency proccssor to the
DOC. If missing. replace the HF pro-
cessor. If present. ground the HF input
from the DOC 10 the sequence logic. and
see if the lens achieves focus. If not re-
place the DOC and sequence logic.

If the FM signal from the preamp 10 the
HF processor is missing, check for a
focus-ermor signal to the focus drive. I
present. replace the focus drive. IT miss-
ing. replace the preamp. If that does not
clear the problem., replace the slide as-
sembly (unless the photo-diodes can be
replaced separately).

Signal-processing circuits. First
check the FM AGC | videeo |, video [l and
black-level adjustments. As soon as the
objective lens achieves focus on the disc,
both sound and picture should unmute,
and you should get both sound and picture
on the monitor TV.

If neither sound nor picture is present,
activate the player's FORWARD SEARCH
function. If the sound and picture appear.
check for correct setting of the slide-as-
sembly stop (using the manufacturer’s ad-
justment procedures). If the slide-stop
adjustment is correct, check for digital-
code and composite-sync signals from the
reference control to the mode control. [F
either is missing. replace the refercnce
control. [T both are present. replace the
mode control,

If the sound is normal, but the picture is
dark. weak, or missing. ground the video-
mute input to the video processor. If the

picture appears. replace the mode control.
If the picture is still missing. remove the
ground. and menitor the video input to the
video processor. If that input is present.
menitor the video oulput from 1he pro-
cessor (o the VHF modulator. If that too is
present, check the signal cable and anten-
na connecticns. If necessary, replace the
VIHF modulator. If there is no video signal
to the VHF modulator. check for a burst-
gate (DC-clamp) signal to the video pro-
cessor from the reference control. IF the
burst is present. replace the video pro-
cessor, [T the burst is missing., check for
video to the reference control. video de-
modulators. and DOC from the HF pro-
cessor. (The video from the HF processor
passes through the DOC 10 the video de-
modulators and delay lines (o both the
reference control and video processor).

Radial-tracking circults. Finst check
the radial gain, radial limit. and grating
adjustments found on most LV players. As
so0n as the objective lens achieves focus,
the radial-tracking cireuil is activated to
keep the focused beam on the information
track. Indications of radial tracking prob-
lems are; garbled sound. shaky picture, or
skipping through 1he picture.

If any of those symploms occur, check
for a radial-loopswitch signal to the radial
drive. If absent or abnormal, remove the
sequence-logic medule and check for a
loopswitch signal again. IF the loopswilch
signal is now restored. replace the se-
quence-logic module. If the loopswitch
signal is still not correct. replace the
search adapter. If the loopswitch signal is
normal, but the sympioms remain, check
for a radial-error signal to the radial drive,
If missing. replace the preamp. If present.
check for a radial-error signal from the
radial drive to the slide drjve. If missing.
replace the radial drive. If presemt, check
connections 1o the radial mirror on the
slide assembly. If necessary, replace the
slide-drive assembly.

Turntable motor circuits. First check
the bridge-balance and moter-phase ad-
justments. The wmtable-motor servo is
required to maintain the rotational speed
of the disc constant (to reduce timing er-
rors). An indication of a tumtable-motor
servo problem is horizontal jiter (and/or
loss of sync) in the picture.

If the disc speed is not constant, first
check for a motor-acceleration signal
from the sequence logic lo the moior
drive. If missing, replace the sequence
logic. If present. check for a molor-con-
trol signal from ihc reference controb. If
present, check for motor-speed-sample
signais to the motor drive. If missing,
check wiring between the motor and
drive. If all signals are present to the
motor drive, but speed is not constant,
replace the motor drive.

Tangential-tracking circuits. First
check bridge-balance. motor-phase, and
tangential-gain adjustments. The tangen-
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tial-servo circuil compensates for high-
frequency timing errors in the video sig-
nal. A tangential-servo problem shows up
as color problems (streaking. loss of
color. etc.).

If color probiems occur. connect the
loopswitch input to the 1angential-mirror
driveto + 12 volis. IT the picture clears up.
replace the reference conrol. If not,
check for & burst-sample pulse from the
sampie detector Lo the mirmor-phase detec-
1or. If missing, check for horizomal-drive
pulses to the sample deteclor from the
reference contrl, [f missing. replace the
reference control. H present. check for
burst-zero-cross signals o the sample de-
tector from the color separator. Il miss-
ing, replace the color separator. If
present, replace the sample detector.

If the burst-sample pulse is present.
check for a tangential-error signal from
the mirror-phase detcctor to the mirror
drive. If missing. check for mirror-refer
ence pulses from the reference conrol to
the phase detector. If missing, replace the
reference control. IF present. replace the
mirror-phase delector.

If the tangential-phase-error signal is
present at the mirror-drive input. check
for an error signal from the mirror drive to
the tangential mirror. If missing, replace
the mirror drive and/or check connections
to the mirmor on the slide assembly. If
necessary, repiace the slide assembly.

Dropout comnpensation circuits. First
check any video-level and DOC adjust-
ments. If, after adjustment. there arc ex-
cessive dropouts in the picture. check the
delayed-video signal from the DOC 1o
video demodulator [1. on both sides of the
delay line. The video should drop from
about 1-volt down 10 0.3-volt as it passes
through the line. Replace the delay line
andror DOC as necessary. [f the delayed
video is present at the video demodulator.
cheek for dropout pulses from the DOC 1o
the demodulator. If missing, replace the
DOC. If prescnt. replace the video dc-
modulalor.

Sound circuits. On most LV players,
sound is present only when the'player is in
the normal play mode, and when either or
both audio | and audio 11 LED indicators
are on. If sound (but nol picturc) is miss-
ing under those conditions. check for au-
dic FM (about 1-volt peak-to-peak) from
the HF processor 1o both sound demod-
ulators. 1f missing. replace the HF pro-
eessor, If present, check for audio (about
2-volis peak-lo-peak) from sound demod-
ulator Il 1o the VHF modulator. If present,
replace the VHE modulator. If missing,
check the sound-mutc signal from the
mode control to sound demodulator 11.
The normal sound-mute voltage is about 5
to 6 volts for thc mute (no sound) con-
dition. 1f the sound-mute voltage is abnor-
mal. replace the mode control. If the
sound mute is normal, and there is sound
from the HF processor. but not from the
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FIG. 14—BLOCK DIAGRAM of the electronic and mechanical aystems In a CED videodisc player. Tha
blocks noted with an astrisk are Iocated In the player'a arm.

sound demodulators ta the VHF modu-
lator, replace the sound demodulators
(starting with demodulator I1).

If sound is distonted, firsl check if the
distortion is on one or both audio chan-
nels. Then replace the corresponding
sound demodulator (1. 11, or both). If that
does not clear the problem. replace the
VHF modulator. On most players, it is
possible to monitor the sound via the rear
panc| audio connectors (left and right).

Slide drive and search circuits. The
slide-drive servo is responsible for mov-
ing the slide assembly radially beneath
the dis¢. A problem in the slide-drive ser
.v0 can cause the repeating of sections of
the disc. If the player sticks or repeats,
check for drive signals to the slide motor
from the drive. Generally, the drive sig-
nals are on the order of | to 8 volis, and Lthe
polarity of that voltage is positive in for-
ward and negative in reverse. if the volt-
ages are absent or abnormal, replace the
slide drive.

If the searcH functions (forward or re-
verse) are not normal, try grounding the

corresponding inputs (from the SEARCH
controls) to the mode control. If that pro-
duces correct operation. replace the
SEARCH control andfor wiring. If not,
check the search signal from the mode
control to the slide drive. 1f absent or
abnormal, replace the mode control. If
normal, but there is no search, replace the
slide drive andfor check the wiring be-
tween the drive and slide motor. i

Index circuits. First check any video
levei adjustments. If the index numbers
are present on the TV screen, but ihe
background blanking is missing, check
for a picture-number background signal
from the mode control. If present, replace
the video processor. If the background
blanking is present, but the index num-
bers are missing, check for a picture-
number signal from the modc control to
the video processor. If missing, replace
the mode control, If present. replace the
video processor. |f both numbers and
background are missing, check the INpEX
switeh and the connections to the mode
control.
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Track jumplog circuits. First check
any jump-pulse adjustments. The track-
jumping circuit is used only when a spe-
cial mode of operation is selected (still,
slow motion, fasi forward, fasi reverse,
etc.). A malfunction in the track-jumping
circuit can cause loss of special modes
{tricks), erratic special modes, or skip-
ping through sections of the disc.

First press the play-reverse button and
check for vertical-syne-serration pulses
from the mode control to the trick logic. If
missing, replace the mode control. If
present, check for a PIA pulse from the
trick logic to the radial drive. If missing,
replace the trick logic. If present, check
for a zero-detect pulse from the trick logic
10 the mode controb. If missing, replace
the mode control and/or trick logic. If
present, replace the radial drive.

Mechanical adjustments. Mechan-
ical adjusiments should only be made
using the manufacturer’s procedures, and
(generally) only after there has been ma-
jor replacement of mechanical parts (such
as manufacturer’s replacement of the slide
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TABLE 2—CED TROUBLESHOOTING GUIDE

Symptom

Player 10tally inoperative, or lumtable on but

no pcture

Caaddy can not be lcaded unioaded
Piayer will not tum off

No playback

No o no1sy audio

No or NOISY vitdeo

Picture and or eobor instability

Wrong colr, piclure not in sync
Soundbeats 1N picture

No RF outpul

Prilure and audio repeat, visual search
nOperative of INCOMmect

Rapsd access iNOperaivg or incomect
VISUAL SEARCH Of RAPI ACCESS prodiems

assembly) Always follow the manufuc-
turer’s instructions. even for disassembly
when trying 1o get at mechanical conipo-
nents.

CED player service

Table 2 lists various lrouble sympioms
common 1o most CED players. Figurc 14
is the block diagram of @ typical CED
player. After selecting the symptom from
Table 2 that matches that of the player
being serviced. follow the troubleshoot-
ing procedures using Hg. 14 as a guide.

Chiecking the pickup cartridge. The
pickup canridge is the most common
source of failure in 2 CED player. and can
produce a variety of symptoms. For-
tunately. on most players, the cartridge
can be replaced through an access door,
without emoving the unit's cover. So, be-
forc you get into any involved service or
troubleshooting on a CED player, try re-
placing the cantridge as a first siep. Make
sure you usc a known good cartridge.

120 VAC :D: e

Circuits To Check
Power supply and switch controd

Mechanical adjustments

Mechamcal adiustiments

Stylus litter cleaner and pickup electronks
Audic demodulalor

Video demodulator and video convarter
Time-base corrector

Comb filter!detect corrected

NLAC circuits

RF modulator

DAXI signal circunts

DAX, system controd, time display
Stylus lucker and seno control

Also, it is possiblc that the stylus cleaner
has (afled so you should check the cleaner
circuils after replacements.

Power supply and switch control .cir-
cuits. Figure |5 shows the power supply
and switch control-circuits for a typical
CED player. Those circuits provide the
various vollages required to operate Lhe
player. Note that the AC POWER, AC PLAY.
and AC SPINE-SENSE swilches must be
closed for the tumtable to operate. The
sPINE SENSE swilch is ¢losed when a spine
is fully in place. The power and pLAY
swilChes are operated by the user. cither
through 4 FUNCTION lever or front-panc]
controls. If the unit in Question does use a
FUNCTION lever. the powtr and rLAY
swilches ure usually operated by 4 cam
that may require adjusiment. So if the
player is dead (with power available. disc
in place. and controls operated) check that
all three switches are closed (afier you
have'checked the fuses, of course). Then
monitor all of the power-supply voliages,

TURNTABLE
MOTDR

15V
REGULATOR

o0

e

18V
REGULATOR

=

FIG 15—THE POWER SUPPLY and AU swilch controls In & typical CED player Note that the A FoweR,
AC PLAY, AN AC SPINE-SENSE Switches must &1l be closed for the turnisble molor 1O receive power
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If the player does not turn off, check the
adjustment of the AC POWER swilch cam.
(That problem does not eccur in aulomat-
ic-load models where the froni-panel
power switch is pushbution-operaied. )

Stylus lifter circuits, As shown in Fig.
14, the stylus lifier coil reccives @ signal
from the microprucessor through the lifter
circuits. Generally, the lifier circuits in-
clude switches {play, spine sense. eic)
that close and provide a “'play ¢nable™
signul 10 the microprocessor. The circuits
aiso include amplifiers that increase the
microprocessor’s stylus-up signal o a
level suitable for the lifier coil. The stylus
is lowered onto the disc after the turmtable
reaches full speed (450 rpm). generally
within 6 seconds after the play enable
signal is received.

If the player toads (front-panel displays
on, turmable running) but there is no play-
back {with a good canridge), look for the
play-enable signal 1o (the microprocessor.
Then trace the stylus signal (typically
about 3 or 4 volts) between the micro-
processor and lifter coil.

St¥lus damage. When the play enable
signal is removed (during load/unload,
and when not in play), the stylus is lifted
from the disc by a spring. If not, the stylus
can be severely damaged. Should that oc-
cur, look for a defective spring, or for
switches not opening and ., thus, causing a
play enablc signal to be applied at the
wrong time.

Stylus-cleaner mechanism. The styl-
us cleaner mechanism removes debris
from the stylus during each caddy-unload
cycle. That prevenis debris buildup thart
can cause signal loss (and often produce
the same symptoms as cariridge failure).
So if a canridge is replaced, and 1rouble
symptoms disappear temporarily only to
reappear shortly afterwards, check the
stylus-cleaner mechanism. Also, if you
find a defective cleaner, **clean™ the ori-
ginal canridge by loading and unloading
the disc several limes, then check player
operation,

It is possible 1o check ¢leaner operation
through the canridge access door on some
models. Open the door and remove the
canridge. Load and unload a dise while
viewing operation of the lifter plate and
cleaner (which is usually viewable
through the botiom of the pickup arm), As
the caddy is removed past the spindle. the
stylus lifier-ptate should lower, and the
cleaner pad should move across the bot-
tom of the arm (where the stylus is located
if the canridge were left in the player).
After the pad as moved. 1he lifier plute
should again rise as the caddy is com.
pietely removed. If not. you have prob-
lems with the stylus lifter and/or cleaner.

There's 2 lol more to servicing vid-
eodisc players. But, unfortunately, that's
all the room we have for now. Next time,
we'll finish up by showing you more on
the CED plaver. R.E
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ATARI
Game
Recorder

GUY VACHON and DAVID A, CHAN
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You can record the contents of your Atari 2600 videogame cartridges on audio cassette
tape! This month, in the conclusion of this article, we'll show you how to build the game

recorder and how 1o pul it lo use.

p 3 WHEN WE LEFT OFF
a r t last time, we were de-
scribing 1the memory mapping technique
that the game recorder uses. The last thing
that we want 10 mention on that subject is
that. for simplicity ‘s sake. all ROM's were
treated as if they were 4K > 8. That
doesn’t present any problems with 2K X
8 ROM’s because they ignore the most-
significamt address bit. However. we end
up with two copies of the cartridge in the
4K X 8 spacc—the top and bottom halves
are identical. For the time being. re-
member that all 2K X 8 and 4K X 8
ROM's can be read by inputting to the
ROM 4096 addresses (all thut can be ob-
tained from all possible combinations of
12 address bits). and saving the data pa-
tems that the ROM returns.

One of the goals of (he design of the
game recorder was o keep the IC count
down. Therefore. the extra memory IC’s
that would be required to make room for
the system stack were not added. That
conflicted with our desire o use sub-
routines (whose retum addresses are usu-
ally stored in the stack). To get around that
conflict. return addresses are kKept in the
Z80’s imemnal registers. Thus. before a
subroutine is called. the retumn address
desired is stored in an iniemal register: the
particular register is determined by which
subroutine is to be called. The number of
ZB0 registers allows for up to three levels
of subroutines. Besides that “wrick.” the
software that we showed you last month is
quite straightforward.

Building the game recorder

The author’s prototype. shown in Fig.
6. was built on perforated consiruciion
board. Most of the connections were
wirc-wrapped. (Even the discrete compo-
nents were wire-wrapped by frst install-
ing them in DIP headers, and then
installing the header in a wire-wrap sock-
el } Eighth-inch phone jacks were used for
cassette /O and power connections. and
24-pin DIP sockets were used for connec-
tions to the Atari 2600 and to the game
cartridge. Note that a simple power sup-
ply, whose schematic is shown in Fig. 7.
was also mounted on board. The input 10
the supply is from a 9-volt. 500-mA DC
wall 1ransformer—similar to the trans-
former that the Atari 2600 itself uses.

Turning to Fig. 8. we see the con-

(14
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F1G. 5—THE MAIN BOARD of the author's pro-
{otype. Three SPOT switches. two 24-pin spck-
e15. and 3¥i-inch phone jacks are used lor input!
ouiput. The lourth jack la used lor connectlon 10
u wall franslormaer,
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FIG. 7—A SIMPLE VOLTAGE REGULATOR Cir-
cuil can be mounted on 1he main board.

nectors we need to connect the main board
o the pame cartridge and o the Atari
2600. At the top left is the cantridge con-
neetor. In the author’s prototype. thut was
basically a DIP-to-card-cdge converier;
One side plugs inte the 24-pin DIP socket
on the main board. while the other side is
a 24.pin card-cdge connector with stan-
dard 0.1-inch spacing. Note that tp make
wiring the connector easier. two 12-pin
Jumper headers are used o plug into the
24-pin socket. The wires from the headers
then connect to the 24-pin edge con-
nector. I you look closely at the pho-
tograph. you might note that an invenier is
mountcd between the socket and the card-
edge connector. That's needed to inven
the exaBLE line because the program
ROM in the canridge—as opposed to a
4K EPROM—is active high. The foil pat-
terns that we’ll show you shortly incorpo-
raic the inverter on the board.

Below the eartridge connector is a sec-
ond board—which we'll call the adaprer
board—hat is nceded 10 conncet the

G861 AHYNHA34
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FIG. B—TD CONNECT THE MAIN BOARD lo the Atari 2600 and 10 the game cariridges. you need 1o

make up special connectors.,

main board to the 2600. Note that there is
also an inverter on that board.

On the right side of Fig. 8 is a ribbon
cable with 24.pin connectors on each
side. As vou might have guessed, that is
used 1o conneel the main board lo the
2600 (via the second board). A ZIF (Zero
Insertion Force) socket is mounted on the
second board for convenience. Note that
the tibbon cable is shiclded by copper
foil. You will most likely find that shield-
ing the cable will be necessary.

Wire-wrapping a circuit of this com-
plexity is possible but. since wire wrap-
ping somctimes leads to problems in
troubleshooting and in mechanical integ-
rity, a printed-circuit board is a desirable

alternative. Foil patterns for the compo-
nent and solder sides of the main board
are shown in Figs. 9 and |0 respectively, A
supplier of that board is available: See 1he
parts list for information.

The pants-placement diagram for the
main board is shown in Fig. 11. Note that
there arc a few differences between the PC
board and the author™s prototype. For ex-
ample. while all the switches and jacks
were mounted on the main board of the
prototype, the PC board is meant to be
used wilh panel-mounted components.
Also. the inveriers that were mounted on
the prototype’s conneciors arc now lo-
cated on the board. Note that pull-up re-
sistors for some of the switches are locted

—_—
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FIG. 53— THE COMPDMNENT SIDE of a PC board tor \he Atari game recorder.
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off-board. Those resistors. which were
not shown in the schematic, are shown in
Fig. 11.

You will still need an wadapter board to
comineet main board to the 2600. and you
will have to wire up special cables to con-
nect the main board to both the 2600 and
to the gaine cartridge. The foil patierns for
the adapter are shown in Figs. 12 and 13.
Figure 14 shows the card-edge pinous of a
gamne cartridge. That. along with Figs.
11=13 should help you wire your cables
correctly.

When you build the game recorder—or
any other deviee that uses 1C's—Dbe sure 10
use IC sockets. Start by installing these
sockets, followed by the discrete compo-
nents. Don’tinstall any of the IC's except
the voltage regulator. [f you use a wall-
mounted transformer. install an 1/8-inch
phone jack off the board for power con-
nections. Apply power to that jack and
check for +5 wolts at the appropriate IC
pins. Remove power and double check the
board for shorts between traces (solder
bridges) or for any other potential prob-
lems. When you're confident that the
board is in good shape, install the 1Cs.
the two displays, and the relay.

Next, you'll have to install the other
jacks and the swilches. Since those are
mean! to be pancl-mounted, you'll have to
cut wires to the appropriate length. Once
that is done. you're ready to test the unit
oul.

Using the game recorder

Throughout this anicle. we’ve referred
to the various switches and displays that
are used on the game recorder. Now it's
tine to tell you how to use them.

Six swiiches. two seven-segment dis-
plays. and three phone jacks are used for
input and output to the game recorder, If
you look at the photo in Fig. 6, you'll see
only three switches—each single-pole.
double-throw switch is used for two fune-
tions. You may want 1o follow the spme
setup: After all, you ean’t read and write
to the cassette tape at the same tinie!

Let’s give a brief averview of what the
switches and displays do. Then we’ll go

- W 17} el B

FIG. 10—~THE SOLDER SIDE of the game recorder board.
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FIG. 11—PARTS-PLACEMENT DIAGRAM for 1he maln board. Hote the Connector pinouts. You will have
to wire up a cable 1o Connect the main board t¢ gam® cariridges and 10 the adapier board.

PARTS LIST

Al resistors are Y-wall, 5%, unless
otherwlse specified.

R+=220,000 ohms

R2, R3—1000 ohms

R4—330 ohms

RS, R7-R9—10,000 ohms

R6, R15=100.000 ghms

R10—3300 ohms

R11—47.000 ohms

R12, R13—120 ohms

R14—470C¢ ohms

Capaciltors

C1—1 uF, 10 volts, electrolytic

C2, C3-—.01 uF. ceramic disc

C4, C5—47 uF, 10 voits. eiectrolylic

Semiconductors

1C1, ICA, IC14—74LS00 guad 2-Input
NanD gate

1C2—74L574 duat D-type fiip-fiop

1C3—Z80 microprocessor

IC4-1C6—T74L 5244 octal buffer

1IC7—74L5125 quad bus butfer

1C8—LM3900 quad op-amp

ICt0—74L.5138 3-10-8 line decoder

into detail on cach function. The first
switch we'll consider is the GAME SELECT
switch, S1, which is used o reset the
game recorder in case of failure. The
wRITE TAPE switch, $2. is used to initiate
the transfer of data from the game record-
¢r's RAM 1o a cassette tape. Switch §3.
READ TAPE, does just the opposite: 1t initi-
ates data transfer from cassette tape to the

IC11—2716 EPROM containing the com-
puter's operating system

IC12, 1IC13—2016 2K X 8 static RAM

IC15, IC16—74LS273 octal D-type flip-
flop

1C17—7805 5-volt requlator

DISP1, DISP2—MANT4A or simliar
seven-segment display

Other components

$1-85—SPST momenltary switch

$6—SPST teggle switch

Miscellaneous: 3% card-edge con-

nector, ZIF sockel, wiring hamesses o

connect main board to 2600 and car-

tndge, etc.

An EPROM c¢ontalning the game-re-

carder program Is avallable tor 515

postpaid from J&L Assoclates, 1133

Broadway Room 906, New York, NY

10010. New York residents must add

sales tax.

A set of two etched, drilled. and plaled-

through boards are available from

E2VS], PO Box 72100, Roselle, IL 60172

for 532.50 postpald.

game recorder’s RAM. The reap CAR-
TRIDGE switch, S4, imtiates the transfer of
data from the game cartridge to the game
recorder’s RAM. Switch S5, GAME SE-
LECT, i5 used to select the name of the
game that you want to save on tape, oF the
name of the game you want to find on a
tape. You have 16 choices for a name: the
hexadecimal digits 8-F. The final switch,
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S6. is the seTUP/PLAY switch which is
used to put the game recorder in the mode
to play a game on the 2600.

The first of the two displays. GAME SE-
LECT, shows the name of the game that
you wanl lo save or the one you are trying
to find on a tape. The name is selecied by
the GAME SELECT switch. The LAST GAME
rounp display is used 10 indicate the
name of the game thal the recorder is
"listening t0™ on the tape. We'll see that
the decimal points of those displays serve
another important function.

)

|-¢—2 INCHESH

FIG. 12—THIS ADAPTER BOARD |8 used to con-
rect the main board Lo the Atsri 2600. We recom-
mend th#l you uss 8 DIP sockst for
convenience.
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FIG. 12—THE FOIL SIDE OF the adapter board.

There is one cassette input 1o the game
recorder (CASSETTE DATA IN} and two cas-
selie outputs (CASSETTE DATA ouT and
CASSETTE ON/OFF). Note that the sche-
matic does not show the CASSETTE ON/OFF
output. Instead, the output of IC7-c is
labeled ' 1O CASSETTE-CONTROL RELAY .
Although the relay is not shown on the
schematic, the board has provision for a
DIP mounted relay that can be controlied
by the outpui of [C7-c.

Before you use your game recorder,
keep the following notes of caution in
mind: NEVER plug a game cartridge in
while the game recorder is on. The 2600
should be turned OFF before the game
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F1G. 14—GAME CARTRIDGE PINGUT. PIn 118 a1
the lower |eli of the frond {Iabel side) of the car-
tridge.

recorder is connected. NEVER turnt the
2600 on while the game recorder is not in
the PLAY position.

Reading a cartridge

Reading a game cartridge is perhaps the
casiest lask that the game recorder has.
[t’s alse an ¢asy function for you to initi-
ate. First make sure that the gaine record-
er’s power is off and that it is properly
hooked up to the 2600. Then make sure
that the seTup/PLAY switch is in ifs SETUP
position. Apply power to the game re-
corder and close $4, the READ CARTRIDGE

switch. In a matter of milliseconds. the
contents of the game cartridge will be
transferred to the gome recorder’s RAM.
1f you want 10 verify that the copy is cor-
rect. you can play the gamc.

Writing a game to tape

Once you have a game siored in RAM,
you ean transfer it o cassette tape. First
make sure that the game is sel up as be-
fore. If you're using a cassette control
relay, attach the cassete output 1o the RE-
MOTE jack of the casscite recorder. Select
the name of the game (a hex digit from 8-
F) by pushing the GAME SELECT swilch,
Each time you push it, the GAME SELECT
display will increment by one. That will
place a “"label™ on the tape that the game
recorder will be able to find at another
time. [t's a good idea to name your games
in the order that they appear on the tape.

Next set your cassetle recorder (0 re-
cord. {If you are using the remote control
option, it will not start unti the game
recorder is ready. Push the wWRITE TAPE
swilch: the casseite recorder should siart.
and the data transfer will begin. Note that
the decimal point of the GAME SELECTED
display wili light. After the game has been
transferred, the decimal point will again
£o dark. That's your signal to stop your
casselte recorder if you're not using the
remote control optien.

Reading a tape
Loading a game from cassetie tape 0
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FIG.15—EXPAMUING THE RECGRDER to record |1Brger games |8 pO3sibIe. The software will have (6 be
changed, 88 wlil the address decoder. Here |s & poselble decoder schemae 10 Use {or bankawitching.
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the game recorder is perhaps the most
difficult operation. But if you follow the
instructions carefully, you shouldn’t have
any problems. Hook up the game recorder
in its setup mode as before. The Ffirst step
is 10 sel the volume level. Once you leam
what the proper level is, you won 't have to
repeat this step every time.

Set your tape (o play a recorded game
{which you can recognize by the high- and
low-pitched tones). Then wm the volume
down and connect the cassette’s earphone
Jack 10 the CASSETTE-DATA iN input. Push
the READ TAPE button: the decimal point
of the Game seLecT display should tm
on. Now tum up the cassette player’s vol-
umne until the decimal point of the LAST
GAME FOUND display just tums on. Then
tum the volume up just a slight bit more—
about a half number, if your volume con-
trol is numbered. But don't tum it up too
loud.

Now 10 make sure that the volume is
correct, sel the tape to a place before a
game you recorded. Then try te read the
tape. The LAST GAME FOUND should indi-
cate the name of (he game. When you're
fimished with setting up the game record-
er, press the ReseT buiton.

Now ry 1o load back a game you re-
corded by seiecting its name, seuing up
the recorder, and hitting the read tape but-
ton. The LAST GAME FOUND display will
indicate the name of cach game the game
recorder finds. When it finds the selected
game, it will read it and stop the cassette
player when it's_finished (if (he remote
option is used).

Playing a game

Now that you have a game in the game
recorder's memory—=either from a tape or
from a game canridge—you can play it on
the 2600. Just move the SETUP/PLAY
swilch 10 the PLAY position and turn the
2600 on. Your game should be ready two
piay. Be sure 10 wm the 2600 off before
moving the SETUP/PLAY switch back to
SETUP.

Expanding the game recorder

As a final note. we shouid note that
many ncw games for the Atari 2600 are
8K long. The basic ideas of this game
recorder can be used to record those
games on casselie (ape. However. you will
have to make both hardware and software
modifications. We won't go into detail on
how those modifications are made, but we
will give you a hcad start.

Figure 15 shows one way of adding to
the the address decoder o obtain bank-
switching ability. The software wouid
have to be written to (um the memory-
mapped bankswitching mechanism on
and off (by sctting and resetting a flip-
fiop, for example). The software should
include some way to detect and record the
ROM size. The last two bits of the header
could be used for that purpose. R-E
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ALL ABOUT
THERMISTORS

HARRY L. TRIETLEY

Last month we studied thermistor basics—what they are, how they behave, etc. This month,
we'll finish our 100k at the basics, and then we'll show you design techniques so that put
thermistors (o work in your circuits.

P t 2 BEFORE WE GET TO
a r circuit applications
for thermistors, we have some basic
points (o mention about thermal runaway
PTC thermistors, and probe assemblies.

The ncgative-resistance behavior
makes it possible for a thermisior to go
into thermal runaway and destroy itself.
Figure 5 shows one of the lines from Fig. 4
{sce the Janvary 1985 issue of Radie-
Electronics page 50) replotted with voli-
age on the horizontal axis. current ver-
tical. From that plot you can sce that if you
connect the thermistor 10 a voltage
source, the current will increase more
rapidly than the voliage due to the ther-

mistor’s decreasing resistance. When the
voliage becomes high enough to enter the
negative-resistance part of the curve, the
resistance will decrease because the ther-
mistor is getting hotter. That results in
inereased current, heating the thermistor
even more, increasing the current more,
elc. If there is no cument limiting. the
thermistor will continue to heat umiil it
destroys itsclf. Always be careful. when
connecting a thermistor to a voltage
source, to either limit the voltage to safe
values orelse provide some means to limit
the current. We would point out that the
curves we've just described depend very
much on the application and must be de-
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termined experimentally. Changing the
surrounding temperature. connecting the
thermistor to a heat sink, changing the air
flow. or puning it in an enclosure will
create a ncw set of curves.

The fact that a thermistor heats itself
when power is applied is adrawback when
measuring emperature—the power must
be kept well below a milliwant to avoid
errors. In other uses, however, thermistors
are purposely self-heated. For example, if
you self-heat a thermistor well above the
surrounding air temperature and then in-
crease the air flow, its temperature will
drop, increasing iis resistance. You now
have a sensor to detect wind or air cur
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FIG. 5—A THERMISTOR MAY ENTER THERMAL
RUNAWAY It netther voltage® nor current are lim-
ited.

renis. Likewise, a self-heated thermistor's
temperature will drop when it comes in
contact with liquid, making it useful as a
liquid-level sensor.

Response time

Suppose you suddenly move a ther-
mistor from one temperature to another.
Like any thermometer, it will take a while
to respond. The mass of the thermistor
must heat up or cool down to match the
surrounding temperature. The fesponse
will ook fairly much like an exponential
R-C time response as shown in Fig. 6,
with the 63% response time indicated by
time constant, 7. For small disc or bead
thermistors, the time constant will be one
to several seconds. Large thermistors re-
spond more slowly: One-inch discs may
take two minutes or more, Of course, a
thermistor’s response will be faster in lig-
uid or in moving air than in sull air.

It also rakes some time for a thermistor
1o heat itself when power is applied. Fig-
ure 7 shows what happens if a thermistor
and resistor in series are connected to a
voltage source. At first, the thermistor’s
resistance is high. limiting the output. If
enough power is applied. it slowly heats
up. dropping its resistance and raising the
output uniil thermal equilibrium is reach-
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FIGE?—CREATING A TIME DEEAY, /5 one popu-
lar use for thermistors.

ed. Thermistors are often used in this way
to create delay times or to protect against
sudden inrush currents. We will study
such applications in more detail a bit fur-
ther on in this article.

PTC thermistors

As we mentioned at the beginning of
this article, there are 1wo distinctly dif-
ferent types of positive temperatures co-
efficient (PTC) thermistors: those sintered
from powdered metal compounds and
those made from silicon. The most com-
mon of the sintcred types are those made
from barium titanate, with various doping
materials added. Thermistors of that type
have resistances that increase with em-
perature as shown in Fig. 8. Note that the
vertical scale is logarithmic—ithe increase
in resistance is very rapid.

PTC thermistors are sold in most of the
same configurations as NTC’s, including
small and large discs, washers, and rods
with and without leads and coatings. The
R-T curves are highly nonlinear and . more
important, have a sudden increase in resis-
tance over a narrow lemperalure range.
Such devices are especially useful as tem-
peralure switches ot temperature limiters,
particularly when high precision is not
required. Larger PTC thermistors can
switch moderate amounts of power; for
example, enough to control a series relay.
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FIG. 3—RESISTANCE-TEMPERATURE CURVES
tos tive typical PTC thermistors.

Simply place the relay and PTC ther-
mistor in series with a voltage source and
the relay will drop oul somewhere along
the steep portion of the gurve. The switch-
ing point is controlled by varying the dop-
ing used in the thermistor.

PTC thermistors also can be used as
current limiters. When their current be-
comes too large they will self-heai to the
point where their resistance increases
rapidly.

An ineresting use of larger PTC ther-
mistors is as self-regulating heaters.
When power is applied. the thermistor
will heat itself until it reaches the steep
portion of the curve, at which point the
current will decrease rapidly. A fairly con-
stant temperature will be maintained re-
gardless of changes in the ambient
temperature or thermal load. One man-
ufacturer has created 2 heater for liquid-
crystal displays by cpoxying several PTC
thermistors to a metal strip. The strip is
glued or clamped to the back of an LCD
and connected [0 a 24-voli power source.
When the LCD is warm, the heater will
draw very linle current. If the temperature
drops, however, the thermistors will self-
heat until they warm the assembly back up
1o their switching temperature. It seems
that some similar arrangement will have
1o be used in automobiles if LCD's are
used for dashboard displays. PTC ther-
mistor material is also formed into custom
designed shapes to form self-regulating
heating ¢lements in appliances such as
hot-glue guns.

Siticon PTC thermistors do not have
much in common with either PTC or NTC
sintered thermistors—at least in their
manufacturing process. They are made
from single-crystal silicon wafers (Jike
those used to make 1C's) with dopants
(impurities) added to produce the proper
resistance.

Figure 9 shows a typical R-T curve for
silicon PTC thermistors. They generally
are sold in the same resistance values (at
25°C) as standard 10% resistors; that is,
10, 12, 15. 18, and 22 ohms et¢, in values
from 10 ohms to 10 kilohms. As you can
see from the curve they are fairly linear
and much less sensitive than other ther-
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r 3r ir mistors, about 0.7 percent per degree C.

TIME The exact shape of the curve is affected by
FIG. 8—A THERM!STOR'S RESPONSE to w sudden temperature change is approximately exponential. the dopan[ added; hence. different resis-
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FIG. 9—SILICON PTC THEAMISTORS have near-
Iy linesr resisionce-lampersture charec-
teristics.

tance values have slightly different
curves,

The operating range of silicon PTC
thermistors runs from around — 80°C
(= 112°F) to + 150 or 200°C (+302 to
392°F), depending on the style and man-
ufacturer. Tolerances are generally + 10%
o *+20% (at 25°C) although toierances lo
#+ |% are available. Keep in mind that that
is poorer than similarly specified NTC
thermistors: Their 0.7%/°C sensitivity
means that a ten percent error equals 14°C
(as opposed 10 2.5°C for a 4%/°C NTC
thermistor). Again, the tolerance is wider
at higher and lower teémperatures.

Silicon PTC thermistors are most often
sold in diode or transistor-type packages.
They also are available mounted on (wo
paralle]l lcads and covered with e¢poxy.
similar to small dise thermistors.

Thermistor probe assemblles

An unprotected thermistor is poorly
suited 10 most temperature measure-
ments. You can't dip it in water or any
other conducting liquid since the liquid
will shunt the leads, producing false read-
ings. Also, except for hermetically sealed
glass unils, the liquid will eventually
¢reep into the thermistor, most likely find-
ing a path in minute voids between the
leads and the epoxy coating. Nonconduc-
tive liquids may attack or sofien the ¢p-
oxy. comosive liquids may destroy the
leads. Even continued exposure to high-
humidity air may eventually produce elec-
trical lcakage inside the thermistor. Seal-
ing the thermistor can also provide
protection for mechanical ruggedness.

Thermistors arc often mounted inside
iemperature probes, such as those seen in
Fig. 0. Usually, the probe consists of a
length of stainless sieel, glass or other
tubing welded closed at the measurement
end. The thermistor is soldered to a length
of wire or eable and inserted into the pro-
be. gencrally with a bit of epoxy in the
probe tip to give mechanical sirength and
10 create better thermal contact with the
probe. Additional cpoxy is used to seal
the back end. A probe may be simply a

FI1G. 10—A WIDE YARIETY OF THEAMISTOR mountings nd assemblies are available.

“straight stick”™ for laboratory use. or it
may be welded to pipe-ihreaded fittings or
othcr mountings for permanent installa-
tion.

Of course, thermistors may be mounted
in other ways. For example, they may be
epoxied into a drilled-out bolt for installa-
tion into a tapped hole. The possibilities
are limited only by your imagination. For
commercial and OEM customers, many
thermistor manufacturers will build their
thermistors into probes or other assem-
blics to meet users’ needs.

FIG. 11—A WHEATSTONE BRIDGE with o thar-
mislor arm wlll produce an owtput that In-
creases with temperature.

Bridge circuits

If we connect an NTC {Negative Tem-
perature Cocfficient) thermistor in a
Whealstone bridge as shown in Fig. 11, we

WwWww americanradiohistory comm

can gencrale a veltage thal increases with
temperature. If we choose our mesistors
properly. we can insure that the voltage
will vary fairly lincarly with respect 1o
temperature (if only over a namrow tem-
perature range).

Vg =

]

BRIODGE OUTPUT VOLTAGE

TEMPERATURE
FIG. 12—THE WHEATSTONE BRIOGE OUTPUT
i3 fairly linear near the middle of ils range.

Figure 12 shows the output voltage of a
Wheatstone bridge as a function of tem-
perature. Note that the curve is S-shaped.
approaching—bul never reaching—the
supply voltage at high temperatures (low
thermistor resistance). The sensitivity is
highest near the midrange, where the ther-
mistor resistance is ¢lose to the resisiance
of RI.

While it is not possibie to ¢hange the
basic shape of this curve. you zan choose
RI so that the center of your temperature
range is on the most linear (centcr)
portion of it. For narrow temperature
ranges {not more than about 20 *C), you
can achieve a quite Jinear output by mak-
ng R1 equal 1o the thermistor's resistance
at the ¢enter of the teniperalure range.
Linearity becomes poorer as the tem-
peraiure range gets wider.
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Designing for best possible linearity re-
quires a bit of algebra, but it’s not at all
difficuit. Looking again at Fig. 12, note
the "ideal™ straight line drawn on top of
ihe actual curve. The two cross at three
temperatures, T1, T2, and T3. Best lin-
earity is achieved when T1 and T3 are the
end points of the desired temperature
range and T2 is exactly in the middle. The
equation for the ouiput voltage is:

v Vs x R1
ouT — RBY + Ry

We wish to sefect R1 so that: V3 — V2
= V2 = ViwhenT3 — T2 = T2 — Ti

All this may be solved algebraically to
give us:

“ Rrs RT! + RT? RTS 2R“ RB
Rry + Rn = 2912

R1

If you know the thermistor’s resistance
(Rr. Rys. and Ryy) at temperatures T1,
T2, and T3, simply substitute them in this
equation to find the optimum value of RI.
The thermistor’s values may be taken from
the manufacturer’s data or by measure-
ment at the three temperatures.

You stifl need to choose R2, R3, and
the supply voliage, V. Choosing the re-
sistors is easy—set R3 equal 10 RI, then
make R2 equal to the thermistor’s resis-
tance at the temperature where you want
zero output voltage from the bridge. You
may want 1o make R2 adjustable for cal-
ibration purposes.

The supply voltage, Vg, determines the
output sensitivity {millivolts-per-degree).
You may need 1o do some trial-and-error
here. Choose a reasonable voltage—say,
one volt—and calculate the outpui voltage
from 1he bridge at Tl and T3. This will
give you a sensilivity for that panicular
supply voltage. Next, raise or lower Vg in
proportion to the increase or decrease in
sensitivity needed.

Remember that making the supply volt-
age 100 high will cause the thermistor to
self-heat. causing measurement ermors.
For a typical small thermistor in air, one
milliwatt of dissipauon will cause a 1°C
emor. The power dissipation will be high-
est when the thermistor equals R1 and will
be:

p. . 0.5V,
ST

where Py is in watts. For precise work you
will want 10 keep the power dissipation to
0.1 milliwatt or less.

Table 2 lists the calculated resistor and
supply-voltage values for three differem
temperature ranges. Notice that linearity
is very good for narrow ranges, but gets
worse rapidly as the temperature range
widens. The thermistor used in this design
is a Yellow Springs Instrument Co. (Box
465, Yeliow Springs, OH 45387) model

TABLE 2—EXAMPLES OF BRIDGE DESIGNS

Temperature range 10 t0 30°C
Temparalure for

zero output 10°C
Sensitlvity 10 mvr*C
Bridge supply (Vg) 916.2 mV
"1 2,168 ohms
R2 4,482 ohms
R3 2.168 ohms

Maximum nontinearity

010 50'C 010 70°C
100 o'C
10mvrC 10 mv”C
1017.3 mV 1147.0 mv
1,763 ohms 1.164 ohms
7.355 ohms 7.355 ohms
1,763 ohms 1,164 ohms

+0.07 -006°C +0.85 -0.95'C +20 -2.3C

Note: Thermistor is a YSI 44004, 400 senes probe of equivalent. 2,252 ohms at 25°C.

44004, 400-series probe. You will proba-
bly have to create series or parallel resistor
combinations to Obiain the calculated re-
sistor values. Notice that the supply volt-
ages have been chosen to give an output
sensitivity of 10 millivolis-per-°C.

A circuit like this, made from a few
resistors and an adjustable supply {or a
battery and voltage divider), is handy in
the laboratory for reading temperature.
The 44004 thermistor itself is accurate to
0.2 °C or better. Since sensitivity is about
4%-per-"C, a resistor or supply error of
One percent causes a temperature ermor of
only 0.25%. The bridge output may be
read direcily on a DVM, or fed ino a
high-impedance differential amplifier for
other instrumentation needs. Calibration
may be checked by substituting a preci-
sion decade box for the thermistor and, if
needbe, changed by adjusting R2or R3 10
set the zero point. The supply voltage can
also be adjusted to set sensitivity.

Differential temperature, the difference
between two temperaturcs, is often
useful. For example, the difference be-
tween the inlei an outlet temperatures of o
solar collector, heat exchangert, heat pump
or air-conditioner coil measures operating
efficicncy. To read relative humidity, we
must know the difference between wet-
bulb and dry-bulb temperatures. You can
measure differential lemperature with the
Wheatstone circuit by simply replacing
R2 with a second thermistor. The two
thermistors must be closety maiched to
obtain zero-bridge oulput at zero em-
perature difference. Precision inter-
changeable thermistors are recommended
for this application.

Multiple-thermistor linear networks

The linear range may be widencd con-
siderably by using two thermistors. Fig-
ure 13 shows a lwo-thermistor bridge
circuit that is linear to within *+ 22°C
from 0 to 100°C.

At very low temperatures. the resis-
tance of thermistor R, is so large (95K at
0 °C) that it has very littie effect on the
circuit. The circuil behaves much like a
6K thermistor in series witha 6.25K fixed
resistor, which has a finear range centered
around 15°C. As the temperature in-
creases, the resistance of thermistor Ry,
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FIG. 13—A THERMISTOR-PAIR can be used in &
Wheaisione bridge to improve lhe oulput lin-
earity. This circuit |s lInear 1o within =0.216°C
from 0~100°C.

drops and begins to shunt the Ry-R2
combination. Thus. while the output sen-
sitivity provided by Ry, is dropping off
{the high end of the S curve in Fig. 12),
Ry, begins providing an additional
"boost™. In the middle of the temperature
range. both thermistors are influencing
the oulput.

AL higher iemperatures, Ry becomes
50 much smaller than the 6.25K resistor
(408 ohms at 100 °C) that its effect is
unimportant. Now the ¢ircuit behaves as if
thermistor R, was in paraliel only with
R2. This combination has a linear region
near 100 °C, Overall, as we raise the tem-
perature from 0 to 100 °C, the influence of
Ry gradually decreases while the influ-
ence of Ry increases, providing a linear
output over a much wider range.

Selection of an optimum set of resistors
and thermistors for the circyit shown in
Fig. 13 is not easy. A lot of trial-and-ermor
calculation is needed to find the best val-
ues, and it helps 10 use a computer pro-
gram with the circuit equations and
thermistor tables (or the Steinhant and
Han equation, discussed last month) built
in. Fortunately, you don’t have 10 do this.
That's because at least two manufacturers
sell preselected sets of resistors. We'll tell
you who, and look at some more ther
mistor topics, next time. R-E
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DIGITAL IC’S

A ook at logic families, logic levels, and other

digital electronics basics.

JOSEPH J. CARR

IT DOESN T TAXE A LOT OF INSIGHT TO SEE
that digital electronics has really come
into its owvn over the past ten years. Where
that field was once the sole province of a
few wild-eyed computer 'hackers™
stuffed into the backrooms of corporate
engineening depariments, digital elec-
tronics now seems to be **a game forall.”
Unfortunately. training has not kept pace
with demand, and thete arc many out
there who would bencfit from some basic
material on the subject. So much of what
is published these days. especially in
magazines dedicated to microcomputers,
scems 10 assume prior knowiedge; begin-
ners are left out in the cold.

Digital electronics

Unlike analog circuits, voltages in digi-
tal circuits are constrained to be onc of
1wo values. Those values are referred to as
logic high and logic low; other names for
those two values are logic 0 and logic |,
and, even more simply, on and off. [n
most practical IC logic circuits, the high
and low slates arc vollage ranges that are
scparated by an “invalid” or undefined
zone. That is shown in Fig. L. In that
figure, the valid low is the voltage range
between zero and Vi, while a valid high is
any woliage from V2 o V3. Of course,
vohages greater than V3 represent a dan-
gerous condition. Ef such voltages are ap-
plied 1o the IC, its life expectancy would
likely be shortened.

The invatid logic-level zone between
V2 and V3 is critical. In that area, the IC
does not know what to do. You may even
find, for any given type number, different
responses according to the manufacturer
of the device. Three aliernatives are possi-

ble: the invalid logic level is scen as a valid
high. a valid low. or it will create no
change in the output from the previous
state,

Common Loglc Levels

Logic levels vary according to the logic
"family " that a device belongs to. Tran-
sistor-transistor-logic (TTL or T2L). is
probably the most common single family.
Those devices bear type numbers in the
74xx and T4xxx series for commercial
devices, and 54xx/54xxx in military
quality devices.

The TTL family operates from a mo-
nopoiar regulated DC-supply of +5
volts. The low logic-level is represented
by a voltage of 0 to 0.8 volt, while the high
is represented by a voltage that is greater
than +2.4 volts (but less than the TTL
maximum supply voltage). Reverse voll-
ages (negative), or voltages greater than
+5 volis. are dangerous to the TTL de-
vice. In most cases. @ TTL device output
will be less than 4 volts, so this is no
problem.

CMOS devices work from power sup-
plies of £4.5-volis DC to * 15-volis DC.
In many cases, we find CMOS devices
operating from TTL power supplies. es-
pecially where a circuit contains mixed
TTL and CMOS devices. In most cases,
we cun use a 12-volt DC bipolar power
supply for CMOS circuits. Since CMOS
devices draw considerably less cument
than TTL. we can use cumremt levels of
* 100 mA to * ] ampere.

A variable oulput-voliage, DC power
supply may secm like something nice to
have, but they have a hidden potential for
disaster. If the output voliage-level is ad-

WWWwW americanradiohietory comm

o

v E
w VALID “HIGH" STATE
Eval-—-————1F
g 1

INVALID VALUES
V1 B S e £
pl¥ALID "LOW STATE —{

FIG. 1—IN MOST LOGIC IC's, the high and low
siates are separated by an invalid or undefined
zone.

justed 100 high. especially for a TTL de-
vice, the IC can be ruined.

A breadbeard can prove to be very
useful. especially if it contains built-in
DC power-supplies. Heath offers several,
of which the E7-3300 is a good choice.
Also recommended is the AP Products
Powerace-102. That breadboard contains
a +5-volt DC power supply. a squarewave
clock (1 to 100 kHz). a pulse source, iogic
level sources, and logic ievel detectors.

The breadboard may look expensive on
first glance, but is well worth the price if
you plan to go into digital electronics in
any depth. With the breadboard you can
build, modify, and iroublesheot digital
circuits before committing them 1o more
permanent configurations such as wire
wrap or printed circuit boards. You will
find thal breadboard circuits are a lot easi-
er to modify.

Perhaps the principal advantage of log-
ic breadboards is that they contain one or
more multi-dozen pin IC socket blocks
that can be ysed 1o mount components.
Interconnections are made with No. 22 to
No. 28 solid hook-up wire pushed into
socket holes. The somewhat less than per-
manent nature of such connections is one
reason circuits built on breadboards are so
casy to modify.

Another nice o have (and highly rec-
ommended) device is a logic probe. Those
probes are used to detect either high or
low states. In addition, some models can
detect whether or not a pulse has occurred
or generate pulses of their own at the push

3 $961 AbvNygIS
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of abution. Such probes are exceptionally
useful for troubleshooting and debugging
circuits. The cost may be high. but the
usefuiness is a compensating factor.

An oscilloscope is also nice to have.
even though high cost tends to limit the
number of hobbyists who can own such an
instrumerd. The selecled model should
have a wide bandwidih. We recommend
bandwidih of 4.5 MHz or better as a mini-
mum—Dbut get one with as wide a band-
width as possible.

A volimeter is always useful. Since dig-
ital circuils operate on pulses. however,
the meter will only be uselul during the
slatic tests of logic levels. and DC power-
supply voltages. Use any clectronic volt-
meter {digital or analog), or VOM with a
sensilivity of 30.000 ohms/volt oF more.

CMOS devices can be operated from
either bipolar (— V, 0, + V) power sup-
plies. or, a monopolar {0, + V) power
supply. In most cases of monopolar opera-
tion, the — V-power supply is set to zero
{(—V =0

The high logic-level is represented by a
voltage close to the V + supply. while the
low by a voltage close to the — V supply.
The transition berween states occurs near
the mid-point between —V and + V (or,
where monopolar supply is used. at ¥
+ V. The value of =V and +V can be
any voltage between +4.5 vohis and +15
volts: the two voitages do nol have 10 be
equal.

High neise immunity logic (HNIL) de-
vices, like TTL. arc made using bipolar
transistors. The difference is that it lakes
larger voliages (+ 12 in onc series. +15
in another) to supply HNIL. and. con-
sequently, higher voltage logic levels.
Those higher vottages are what creates the
improved noise immunity.

We'll look a bit more at these and the
other logie families a bit later in this arti-
cle.

Posttlve vs. negatlive logic

The terms "' positive logic™ and “nega-
tive logic™ tend to confuse the newcomer
to digital electronics. It becomes es-
pecially unnerving when you see the same
devices designated both ways. The TTL
7400 naND gate, for example, is listed
some places as 3 NAND/NOR gate. That
designation means that that device is both
a positive logic NAND gate and a negative
logic nor gate.

The difference between positive and
negative logic is as follows: Positive logic
uses a positive vollage for high (i.e. logic
13, and either zero or a negative vollage for
low (i.e. logic 0). Negative logic. on the
other hand. uses a negative vollage for
high {logic 1) and ¢ither zero or a negative
voltage for low (logic Q)

Unless otherwise specified by the man-
ufacturer, 1C logic device funclion names
reflect positive logic. Thus. the 7400 is
generally called a NAND gate.

& &

S =

>D- D
[
[ [}
FIG, 2—THESE SYMBOLS are used 10 represent
loglc devices in schematic diagrams. A nor gate
linverier) Is shown in &, an anp gate in b. a Kano
gate s shown In e, an on gale in d, and 8 #oR gale
in e

=
-
=
=
]
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OuTpPUT b1
0

&

FIG. 3—AH INVERTER Is shown in a, the timing
diageam lor that device in b,

+3.6vDC
'

————o QUTPUT

INPUT al

FIG. 4—AN RTL INVYERTER. Nole ihat RTL tech-
nology is now Obsolete.

Logic symbols

Each type of logic device has its own
schematic symbol. and those will be used
In the rest of this series {as well as in all
other anicles on digital electronics). They
are shown in Fig. 2. While different sym-
bols have becn uscd in the past. the ones
shown in the figure are the ongs that are
now considercd standard.

Some practical matters

if you wish to perform experiments or
buiid projects with digital devices. then
you will need cenain picces of equip-
meni. Not all of the equipment lisied here
will be absolutely necessary atl the time,
but their availability will make things con-
siderably easicr.
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You will. of course. require one of
more DC power-supplies that are com-
pauble with the digital IC logic families
that you intend using. For TTL devices.
which are probably the most common.
you will need at lcast one + 5-volt DC.
regulated power-supply. Since TTL de-
vices lend 1o use high currents (10-30 mA
per device). plan on a DC supply of at
least | amp at +5.volts DC; it is not
unreasonable to oblain supplies of | to 5
amperes.

Logic families

An IC logic family is a group of digital
logic devices that share a common fab-
rication lechnology and are malched as to
input and outpul voltage and current lev-
¢ls. Thus, interconnection of logie de-
vices within any one family is grossly
simplificd. A TTL device. for example.
can drive up to ten TTL devices without
the need for impedance matching and
other nicetics that plague analog circuits.

In the remainder of this article we will
Jook at the commien 1C fogic familics. For
purposes of comparing the families. we
will center our discussions around 4 sin-
gle device, the simple inverter. That de-
vice is also called a NoT-gate. Figure 3-a
shows the usual logic symbol for inverters
as used in schematics. The circle at the
output is the standard way an inversion
funcrion is noted.

An inventer is a circuit that will produce
an output level that is the opposite of its
input signal level {See Fig. 3-b). in other
words. a high al the inpul produces a low
output. while a low inpul produces a high
oulpul. We consider inventers in our dis-
cussions of logic families because they are
simple circuits that easily demonstrate the
differences between familics.

Resistor-transistor logic (RTL))

The RTL family was one of the earliest
to become commercially available in IC
form. [Lis, however. now compietely ob-
solete. RTL is not used in new designs,
and is currently stocked only for replace-
ment purposes in repairs. Figure 4 shows
the standard RTL invener circuit. This
device operates from a monopolar DC
power supply; the largest power supply
that can safcly be used is +4 volis DC,
with +3.6-volis DC being more com-
mon.

Note in Fig. 4 that there are resistors in
both input (i.e. base) and power supply
{i.c. coliector) leads. An advanmage of
RTL is that no combination of opens or
shorts will destroy the device. provided
that no voltage greater than + 4 (DC) ex-
ists on the circuit board. A disadvantage
of RTL. however. is thal the operaling
frequency is limited to 4 or 5 MHz,

Diode-transistor (ogic (DTL)

The DTL family was also among the
carliest types available in [C form. Figure
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EIG. 5—A DTL Inverier.

5 shows a typical DTL inverter circuit.
Like the RTL inverter, DTL inverters use a
single transistor in the common-emitter
configuration. The main difference be-
tween the two is the diode (DI1) con-
necting the input to the base of the
transistor.

If the input is high. diode Dl is reverse
biased, s0 it does not affect the circuit.
Under that condition, resistor R2 forward
biases transistor Q2 foreing it into satura-
tion and the output of the circuit is low. I,
on the other hand, the input is low diode
Dt will be forward biased by R2, which
keeps thc base of the transistor unbiased,
Under that condition. the transistor is cut
off, so its collector voltage rises to +V
and the ocutput is high.

DTL devices operate from DC voltages
of 5 to 6, and are now regarded obsolete
expect for repair purposes.

Transistor-transistor logic (TTL)

The transistor-transisior-logic family
is, perhaps, the most common of all digi-
tal IC logic families. These are the devices
that camry type numbers of 74xx and
Taxxx.

A prin¢ipal advantage of TTL devices
is speed of operation. Almost all TTL.
devices operate 10 18 or 20 MHz. while
some rip along nicely at 30 MHz or so. A
disadvantage that goes along with high
speed, however, is high power dissipation
and high current requirements.

Logic levels of TTL devices are { to
+0.8 volt for low, and +2.4 to +5 volts

FIG. 8—TTL TECHNOLOGY Is among the most
popular used tor logic circultry. Here, a TTL In-
varter Is shown

for high. TTL devices typically require
1040 mA of current per device from the
DC supply. All TTL devices must operate
from a regulated 5-volt {nominal) DC
power supply. Officially, the + 5-volt sup-
ply must provide a voltage between
+4.75 and +5.25 volts DC. Our experi-
ence, however, suggests that narrower
limits are sometimes prudent. If the volt-
age is greater than about + 5.05-volts
DC, then reliability is reduced. Under
about +4.80-volis DC, on the other
hand, certain TTL devices operate in a
flakey manner.

A typical TTL inverter stage is shown
in Fig. 6. Nete that NPN bipolar tran-
sistors are used. A TTL output operates as
a curvent sink. [n the high-output con-
dition, Q3 is cut off and Q4 is turned on,
connecting the output terminal to +V.
When the output is low. however, Q4 is
turned off. and Q3 is tumed on. In that
condition. the output line is connceted to
ground through the saturated collector
eminer path of Q3.

The input of a TTL device is a curremt
source formed of emitier follower Q1. The
standard TTL input will source 1.6 mA of
current.

+5v0L *5\.“’0[2

A
{EXTERNAL
PULL-UP

RESISTOR)

ouTPUT

FiG. 7—AN OPEN-COLLECTOR TTL Inverter.
MHote the addition ol an external resistor Détween
the output and V.

Normally, electronic amplifier circuits
can be cascaded only by considering mat-
ters such as drive power and impedance
matching. IN TTL, however, cascade in-
terfacing is greatly simplified by stan-
dardizing input/output conditions. An
implication of that is that we Can stan-
dardize loads (" fan-in"") and output drive
capacity (" fan-out’*). Thus, the standard
.6 mA at 5-volts DC, TTL current-
source input is defined as a fan-in of 1.
Every output can be specified as (o fan-out
rating, which is the number of standard
TTL inputs the device will drive. The
standard TTL output on 74xx/74xxx de-
vices has a fan-out of ten, That means that
it will drive up to ten standard TTL inputs.
A fan-out of ten means that the output will
sink 10 X 1.6 mA, or 16 mA. )

Figure 7 shows an alternate form of
TTL output called an open-collector TTL

WwWww americanradiohistorv comm

TABLE 1

Maximum Maxlmum
Device Current {mA) Voltage (VDC}
7405 16 5
7406 30 30
7407 30 30
7416 40 15
7417 40 . 15

output. The outpul transistor, Q3, does
not have a collector load. An exiernal
“puli-up™ resistor (R4}, or other pull-up
load, must be connected between the out-
put terminal and + V.

al

INPUT A ———

{NPUT &

FIG. B—MULTIPLE tNPUTS on TTL devices are
created by using input transistors with multiple
emitters,

There are several different TTL open-
collector devices. The 7405, 7406, 7407,
7416. and 7417 devices are open-collector
hex inverters. Table | shows the output
specifications for those devices. Note that
several of those devices can handle volt-
ages higher than the + 5-volis DC used on
other TTL devices. These devices must be
connected to + 5 volts DC ai the package
+V terminal. We can, however, use the
output stage to drive higher voltage loads
than + 5-volts DC. Those limits are, once
again, shown in Table [.

Figure 8 shows how TTL devices ac-
commodate multiple inputs. The input
transistor (QI) is essentially the same.
except that there are two or more emilters,
cach of which is an imput.

There are several sub-families of TTL
devices: high-power. low-power. Schott-
ky. and low-power Schottky. Those differ
a linle from ordinary TTL. but generally
can interface with standard TTL and each
other. The sub-families use variations on
the 74xx/74xxx numbering.

High-power TTL devices carry part
numbers in the 74Hxxx series. High-
power TTL fan-out ratings are typicaily
10-12. but the fan.in is 1.3 or so. That
means that a 74H device input sources
2.08 mA. In general. a regular TTL out-
put can yse its fan-out of 10 to drive 6-7
74H inputs.

The power consumption of the 74H-
series devices is approximately twice that
of regular TTL. The operating speed is
also about twice than of regular TTL.
Thus. counters and flip-flops typically op-
crate 10 speeds in the 40-60 MHz region.
High-power TTL devices have less noisy
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outputs than regular TTL., so they are par-
ticwlarly useful for data conventers and
other such applications.

Low-power TTL devices carry type
numbers in the 74Lxx/74Lxxx series. The
power consumption is roughly one-tenth
that of regular TTL. but that advantage
cosls us a reduction in operaling speed.
Thus. 74L counters and Bip-flops operate
only to about 3 MHz.

One of the factors that inhibits the oper-
aung specd of a logic device 15 the mini-
mum sterage titne of the electric charge in
a saturated Ironsistor. In Schottky TTL
devices there are special “"Schottky di-
odes” connecied acToss the inputs. Those
diodes have a voltage drop of 0.3-volis
DC. 50 the input voltage is clamped to that
value. As a result. the transistors never
saluraie so operating speeds increase. In
Schettky TTL devices. operating speeds
can approach 125 MHz.

Devices in the schottky-TTL sub-fam-
ily carry (ype numbers in the
74Sxx/74Sxxx scries. Figure 9 shows a
typical 74S input stage.

Low-power schotitky TTL devices,
which carry part numbers in the
TALSax/FT4LSxxx series, sacrifice some
of the blistering specd of the Schotky
sub-family in favor of lower operating
power. Typically. 74LS devices consume
about one-fourth to one-sixth the power of
748 devices.

a1
INPUT A C——of --
INPUT B ——o
Y 11 02
w L

FIG. 9—INPUT CIRCUIT for & Schottky inverter
{745 serins) The balance of the Inverter IS stan-
dard TTL. as shown in Flg. 6.

Y - Wy
> Rl
e
R2 b2
L az
b
3
D4
L
OUTPUT
Dz
D1 SEVOC
o—ped 1 p
n ™ o
INPUT
A3
=

F1G. 10—FOR IMPROVED noise immunity, HNIL
¢lreuliry can be used.

TABLE 2

cs Input Qutput
H H X
H L X
L H L
8 L H

H = High

L = Low

X = Disconnected

High-noise-immunity logic (HNIL)

A problem sometimes seen in TTL log-
ic is lack of noise immunity. The dif-
ference between high and low thresholds
is 50 small that noise impulses nding on
the signal can drive a device to the incor-
rect logic level. For example. a low TTL
level with noise can be made to appear
during the noise impulse as il it were high.
Similarly, a noisy high may look low.

+5VDC
¢
8
o INPUT iy
I rry
I 52
- 8 |
Jb-ﬁ—»——:o v GUTPUT
3 CIveRTER"

FIG. 1—IN TRI-STATE DEVICES, the 6UiPul may
be one of three siates: high, low, Or unconnected
thigh Impedance)

A solution to that problem may be High
Noise /mmunity Logic (HNIL). also
called High Threshold Logic (HTL). Fig-
ure 10 shows an HNIL inverter stage.

Notice in Fig. 10 that (ransistors Q! and
Q2 form an inlcresting circuit. When the
base of Q1 is lgh. its collector is low. so
Q2 is wmed off. A current-source mput
(similar 1o TTL) will allow current to Aow
o ground through D4 and the sawrated
collector-emitter path of iransistor Q1. If
the base of QI is low, on the other hand. its
collector is high, so D4 is tumed off and
Q2 is wmed on. In that case. the output
terminal is connected 10 + V through R3
and the saturated collector-emitter path of
Q2—forming a high.

The high threshold required to tum on
Q1 (which is what gives this device its
high noise immunity) is a function of D2,
a 5.6-volt Zener. Other than that, the cir-
cuit is similar to the DTL logic family.

There are two general ¢lasses of HNIL
logic. One uses logic levels of 0and + 12
volis DC, while the other uses | and + 1§
volis DC.

Tri-state logic
Digital logic is said 10 be “binary™
because it responds to (wo input states—
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high and low. In TTL. for example, the
output will be either 0 1o +0.8 volis, or
+2.4 10 +5 volis. Bul there are some
cases where we want to disconnect the
output terminal from the intemat circuitry.
One such case is in computers, where a
large number of outputs are bused to-
gether on the same line. Damage 1o the
circuitry could occur if some of the oul-
puts were high while others were low.

A solution 10 that problem is what we
call rri-state logic. Such devices have
three states—high. low. and disconnected
(i.c. high impedance).

in the “third state, ' the output terminal
sees a high impedance to both +V and
ground. That state is entered upon the
receipt by the device of a TS signal at the
appropriate lerminal. Figure 11 shows how
a tri-state inverter works. Switch S| repre-
sents the inverter. When the input is low,
S| will be in the position shown—the out-
put is connected 1o +V (i.c. high)
through a low resistance. Similarly. if the
input is high, S1 will be in the other posi-
tion so the output is connected to ground
through a low resistance.

The “*tri-state” function is provided by
switch 82. When S2 is ¢losed. the output
terminal is connected to the S1 circuitry.
Alternatively. if 82 is open. then the out-
put terminal is disconnected (that’s be-
cause the value of Rl is. of course,
extremely high). The output stawe is con-
trolled by an active-low chip select termi-
nal (TZ). When TS is high. the output is
foating (disconnected). 1f T3 is low. on
the other hand. S2 isc¢losed and the output
is connecied to the S1 circuit.

A tri-state inverter will follow the truth
table shown in Table 2. Examples of tri-
state devices are the 74125 and 74126.

Next time. we’ll take a look at CMOS
devices R-E

(M
//:'—‘\

|
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“That siren was a rest. We wanred to
determine whether yoir are awake and
waiching our program.”
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We menlioned that the DA10 is
small—it's approximately 5 X 3 X1

continued from page 36

Beckman DM10
Multimeter

Here’s a low-priced
multimeter that’s made for
electronics hobbyists.

MOST “POCKET" DIGITAL MULTIMETERS
won't fit in your pocket. We've re-
cently come across one that will:
the DM@ from Beckman Industrial
Corporation (630 Puente Street,
Brea, CA 92621). Despite its small
size, the DMT0 has many of the
features you'd expect only in a big-
ger meter.

The DAMT0 is part of Beckman's
Circuitmate series of multimeters.
It can be used to measure DC volts
in five ranges {200 mV to 1000 V)
and AC volts in two ranges (200 V
and 500 V). There are five resis-

CIRCUITMATE OM10

CIRCLE 6 ON FREE INFORAMATION CARD

inches. That means that it really
will fit in your shirt pocket. And
because it weighs only 5/ ounces
(with battery!), carrying it there
should not prove to be at all un-
comfortable.

The DMT10 features a 3%2-digit lig-
uid-crystal display with easy-to-
read Y-inch high digits and auto-
matiC negative-polarity indication.
Overranging is indicated by a dis-
play of only a leading “1,” and a
LOW-BATT annundiator tells you
when to replace the 9-volt battery
{which has an expected Iifetime of
150-200 hours).

As is common with many
meters, the function/range selec-
tor switch is a rotary type that dom-
inates the front of the unit. Three
input jacks {com, w2, and Dca)
also share the front panel. (You
have to switch a test lead to mea-
sure current.)

When measuring DC volts, you

tance ranges (200 ohms to 2
megohms) and 4 DC-current

ranges (200 pA to 200 mA). The
meter also features a handy diode-
test function,

can expect an acCuracy of +0.8%,
+1digit. With an inputimpedance

continued on page 100
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Building a simple power supply

B
T 276= 1T
I PEVIATY e |
“7 ﬂ—-—_———ﬂl L
VAGC
nall 3“
- AL =

FIG. 1

THE MOST IMPORTANT PART OF ANY
electroni¢ device is the power sup-
ply—ranging from the simple to
the elaborate. After all, without
power, electronic Circuits serve no
useful purpose. Although power
supplies are available commer-
cially, it is just as easy to build one
and better vet, it's often cheaper!

One of our readers, Carl Muller
(CA), is looking for a power supply
to operate a 24-volt, 2-amp DC
motor. He specifies that the circuit
contain a full-wave bridge rectifier.
well, Carl, because the voltage
and regulation do not appear to be
critical, the circuit in Fig. 1 should
fill the bill.

Note the ratings given for the
components. If you can’t find
those values, use the next largest
values you can find (except the
fuse, of course). The bridge itself
can be made of indlvidua! diodes
(arranged in the same way) or you
may prefer the packaged type
(which is nothing more than a
four-diode arrangement sealed in
a plastic case). In the later catego-
ry, a 4-amp, 100-PIV (Peak Inverse
Voltage) fuli-wave bridge like the
Radio Shack 276-1171 shown in Fig.
1, will probably work all right. But
we’d prefer the extra margin of
safety provided by 6-amp diodes.

AC-operated devices

Dexter Kalloo (West Indies), you
are exactly right: most electronic
devices do operate on direct cur-
rent (DC), while alternating cur-
rent (AC) does come out of the
wall socket. Therefore, it is neces-
sary to convert the AC to DC be-
fore it is applled to an electronic
circuit.

That conversion is called “rec-
tification.” There are several rec-
tifier arrangements that may be
used—half-wave, full-wave, and
full-wave bridge. The power sup-
ply shown in Fig. 1is a good exam-
ple; it uses the full-wave bridge
arrangemeni, Note that the circuit
does two jobs: First, the trans-
former reduces the 117-volt AC to
24 volts. Second, the bridge rec-
tifier takes in that lower AC and
“spits out” a proportionate DC
voltage. The capacitor simply
smoothes (filters) out the ripple a
bit.

Where you mount the power
supplyis up to you. You can mount
it externally with wire running to
the device it is to power or it may
be built right into the device so
that you don’t even know it's
there! Be warned that cCircuits re-
quiring a DC voltage can be ruined
if AC is applied, and the same
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holds true if DC is applied in re-
verse (i.e., the positive lead con-
nected to the negative terminal).
That is true whether the supply is a
battery or a rectifier circuit.

One diode in the power lead of
the device will protect it from re-
verse-voltage damage. Figure 2
shows how the diode should be
inserted in the line. It is a good
practice to put a diode in the sup-
ply line of each device you build,
whether it uses a battery or exter-
nal power supply. Doing so is
really cheap insurance and can
save you headaches in the future.

D"! LoAD
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FIG. 2

A new service

As the new year starts, it's ap-
propriate that we take a look at
where we are and where we want
to go. My thoughts along that line
have led me to the point of sug-
gesting a new service for our read-
ers. After all, the entire point of
“Hobby Corner” is to help you.
Judging from the letters we've re-
ceived, that job is getting done ina
reasonable manner. But, as we all
know, there always room for im-
provement—"Hobby Corner” def-
initely included!

| am very much aware that there
is one group of readers who could
be getting a great deal more. They
are the ones asking for help in
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learning about electronics, tran-
sistors, 1C's, or some other phase
of our hobby. Sorry to say, there is
no way | can correspond with ev-
eryone who needs a bit of special
attention. There simply isn’t
enough time in the day. | regretit, |
wish that | could do more, but
that's the way it fs.

Therefore, my proposal is to list
the names and addresses of read-
ers who need help, and would like
to correspond with others who are
a little farther along in our hobby.
I'll try to find space to list a name
or two each month and when you
see someone who wants informa-
tion that you have, drop him or her
a line and offer to share your
knowledge. Of course, the suc-
cess or failure, and the value of the
program depends entirely on your
willingness to share what you've
already learned with someone
who has hit a snag.

Remember when you needed
help and someone provided it just
in time to boost your interest even
higher? Well, now it's your turn to
return the favor. I'm reminded of a
fellow years ago who pulled me
out of the ditch in the wee hours of
the morning. (Boy, was | desper-
ate.)

While traveling cross-Country
with the family, my car ran into a
ditch. Two hours went by without
any response from a wrecker in
either directfon, Finally someone
came by and offered his as-
sistance. As we put the chain back
in his car, | offered to pay him for
his trouble. “Oh no,” he replied,
“I'll be paid when you do the same
for someone else some day.” (That
unknown gentlemen might be sur-
prised to Enow that | still carry a
tow line in my trunk.)

We in ham radio used to call the
guys on whom we leaned when
the going got rough as our
“Elmers.”” I've had several
“Elmers,” and, in turn, I've been
an “Elmer” to many others. What
we need is more “Elmers.” | am
sure that many of you will be will-
ing to be an “Elmer” by mail to
another reader.

All you have to do is to pick a
name next month, or the month
after, and offer to help. Those of
you who would like to have an
“Elmer,” write and tell me the gen-
eral area in which you need help

getting started. But because our
policy is not to print a name and
complete address without permis-
sion, be sure to give that permis-
sion in your letter.

There is, however, one slight
catch: | would like one or both of
the learning partners to let me
know how the process is working.

Voice-activated switch
M. Kuszniaj (NY) wants a circuit
for a voice-activated switch tocon-

trol his recorder by sound from a
police scanner. Well, that is no
great problem, but | surely would
not build one today!

Several suppliers advertising in
this publication have been ofier-
ing such devices for just a few dol-
lars. At such a low cost for
something already built and ready
to use, | would spend my con-
struction time making the inter-
connections and building another
project. R-E
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Computers and communications

THE WAYS IN WHICH WE COMMUNI-
cate have changed dramatically
over the years. For instance, | grew
up in an era when radiotelephone
was replacing CW (Continuous
Wave) for communications. In
those days, almost everyone, in-
cluding children, could recognize
an 5-0-5 when listening to the ra-
dio, or while watching a movie in
which the ship’s operator pounds
out his 5-O-S on a brass key. There
was no fractured French to pro-
duce a "mayday.” An $-O-S was an
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$-O-5—even when spoken intc a
microphone.

Back then, | sat through endless
ham-radio club meetings, while
“old timers' argued—and
proved—that radiotelephone
would never replace CW. Similarly,
I've sat through numerous meet-
ings as the new "old timers” ar-
gued and proved that SSB (Single
SideBand) would never replace
AM. But today, | sit through
seemingly endless seminars lis-
tening to arguments proving that
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digital will never replace volce
communications.

In reality, we are probably the
last generation that will ever use
voiceé communications for any-
thing other than low-cost local
traffic. (That does not include the
police and fire departments—they
are local.) For long-path communi-
cations, or when there is no room
for error or misinterpretation, dig-
ital is the modern way to go.

Then there's the questions of
convenience, time zones, and Ma
Bell. With businesses and families
spread out across the world,
there’s a good chance that the per-
son with whom you want to com-
municate is asieep, out to lunch,
or on holiday. And with Ma Beli
planning to start charging for long-
distance calls that are never com-
pleted (even if the line is busy or
there’s no one at home, etc.), com-
munication costs are going to sky-
rocket even though you never
complete a single exchange of in-
formation.

For many years, businesses have
handled hard-copy convenience
and the moderate cost aspects of
communications through teletype
or terminals connected to a Telex
network; a dial-up communica-
tions system that either communi-
cates in real-time with another
Telex terminal or uses a store-and-
forward technique. (By “store-and-
forward” we mean that the message
or document is stored in a com-
puter for automatic transmittal at a
predetermined time, or when re-
liable circuits are available.)

With the boom in personal com-
puting, we've seen adaptations of
Teletype communications evolve
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into akind of everyman’s (or every-
woman’s) electronic mail system.
For example, CompuServe has a
computer-to-computer electronic
mail system for its subscribers.
Unfortunately, there are less than
100,000 CompuServe subscrib-
ers—so it’s a safe bet that the per-
son or business with whom you
want communicate is not using
CompuServe's electronic mail-ser-
vice. Although you could get a
special program to convert your
computer’s 8-level ASCII code to
5-level Baudot for standard Telex
use, you'd have to subscribe to a
Telex service to communicate with
other Telex-connected stations.
Fortunately, there is always
someone who sees the next hori-
zon before he really gets to it. In
this instance, it's RCA or, to be
more precise, RCA Global Com-
munications {which just happens
to run a Telex network). Of course,
there are other systems as well—
western Union, ITT, and MCI are
among the most recognizable
names. Having more-or-less antic-
ipated the need for digital com-
munications, RCA has Instituted a
special Telex service for personal
computers—all personal comput-
ers, not just a few well-known
brands or models. Not sur-
prisingly, it’s called the RCA Com-
puter-Originated Telex Service.

Computer-originated Telex

Figure 1 shows most of the ser-
vices provided by RCA's personal-
computer Telex service. The keyto
everything is RCA's computer,
which provides the electronic
mailbox, store-and-forward, the
intersystem Telex interconnect,
and the 8-level to 5-level con-
version. Basically, RCA automat-
ically converts the normal 8-level
ASCII code from a personal com-
puter into 5-level Baudot. It then
transmits the message to its own
or some other Telex system, stores
and forwards, or provides an elec-
tronic mailbox for personal-com-
puters connected to their Telex
service,

The electronic mailbox works
this way: Let's assume you trans-
mit a message via 8-level ASCII to
the RCA system and direct it lo
another personal computer sta-
tion by entering the RCA-assigned
Telex number. Once a day, that

person (or station) can dial into
RCA and get the electronic mail. If
the receiving station replies to
your message, you will find the
message waiting when you call
into your mailbox. When you ac-
cess your mail, RCA automatically
converts the message to 8-level
ASCII code for your personal com-
puter.

Alternately, RCA will convert
your 8-level computer signal to 5-
level Baudot for transmittal to
standard Telex stations using RCA
or other Telex networks; and will
reverse the process, converting
their 5-level to 8-level. {Yes, you
can direct communicate, via RCA,
with Western Union, ITT, etc.)

whether you're originating a
message of accessing your mail-
box, the call to RCA is toll-free
both ways; the only charge is for
the length of messages input from
you to RCA. If you get tangled up
in the protocol—which is as sim-
ple as one can imagine—you are
not charged for connect- or use-
time. In addltion, there is at this
time no charge of any kind for ac-

cessing your mailbox, or for spe-
social software. Plus another
bonus is that any ASCI| communi-
cations software that you may al-
ready be using will work.

Note: At the time this article was
prepared there were no charges
for RCA registration, minimum
fee, or use other than for the Telex
message itself. But, as with all
other successful communication
enterprises, we can fully expect
that some charges will creep in
along the way.

With 10-million personal com-
puters already in use in the U.S.
alone, itseems that here is the way
that personal and small-business
communications will be handled
in the immediate future. Even now,
through RCA, you can send an er-
ror-free Telex message that was or-
iginated on a personal computer
to California for less money than it
would cost to accomplish the
same thing by voice. Plus, you
don’t have to wait three hours for
the California office to open—and
whal would be more convenient
than that? R-E
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Printer literacy

THE MOST POPULAR PERIPHERAL DEVICE
used with personal computers is a
printer. {You may argue that video
monitors and disk drives are more
popular, but they are so essential
that it's hard to consider them to
be add-on peripherals.) Because
s0 many computer applications re-
quire a hardcopy output, most
personal computers in use today
are linked to a printer.

Businesses deal with large vol-
umes of paper; and without print-
ers, everything would grind to a
halt. But even hobby- and home-
computer applications often re-
quire a printer. Though a comput-
er may be a great “tool” for storing
and retrieving information, or for
processing data, the final output
almost always has to be in printed
form. And even though you can
sometimes get by without a
printer, it is always more conve-
nient and desirable to have one.

The great demand for personal
computers has created an equally
large need for printers. As the de-
mand has grown, so has the
number of printer manufacturers
and types of printers available. The
competition in the marketplace
and several significant tech-
nological developments have
given us some extremely high-
quality, good-performance, and
low-cost printers.

While that may be great for the
consumer, it has only served to
make the job of selecting a printer
more difficult. Given all the
choices and complexities of
printers, it is just about as difficult
to select one as it is to make your
first personal-computer purchase.
What you need is some kind of

FIG. 1

“printer literacy” before you go
searching for your first printer.

Printer classification

Printers are classified by the way
they put copy onto paper. First,
there’s the impact type, in which a
print element(s) of some kind
strikes an inked ribbon to imprint
a character (like a typewriter).
Then there are the thermal units
that use a heat-sensitive paper.
Here, the characters are formed by
increasing the temperature of a
particular area on the paper. Next
we have electrostatic printers;
This type uses a special electro-
sensitive paper to form characters
by burning them into the paper.
And finally, ink-jet printers, which,
as the name implies, spray ink
onto the paper.

By far, the most popular type is
the impact printer. Impact printers
are fast, and the print quality can
be outstanding. And better still,
no special paper is required.
About the only disadvantage of im-
pact printers is that they are noisy.
While a significant amount of engi-
neering goes into noise reduction,
the noise has not been {and never
will be) eliminated.
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In contrast, thermal and elec-
trostatic printers are almost silent
and low in cost. But they require
special paper and the print con-
trast is usually poor. The output of
many of the low-cost types is not
truly suitable for professional ap-
plications; therefore, the impact
type is generally preferred. Their
speeds are reasonably high and
the output print-quality is excel.
lent. Even multiple copies can be
made when carbon paper is used.
For most applications, an impact
printer is the way to go!

Impact printers

There are two basic types of im-
pact printers: dot-matrix and
formed-character printers (such as
daisywheel types). A dot-matrix
printer forms characters on a page
by printing them as patterns of tiny
multiple dots. The characters are
created with a grid {(matrix) of dots
that are printed on the paper. The
greater the number of dots used,
the higher the definition and the
better the quality of the printed
character. The big advantage of
dot-matrix printers is their high
speed and low cost. When a small
dot matrix (5x 7, 7x9, or9x9) is
used, character quality is only
moderate. Larger dot grids (9 x18,
9 x 24, 18 x 48) give superb defini-
tion and print Quality.

A relatively new type of impact
printer, called Near Letter Quality
{NLQ) printer, is reglly a dot-matrix
machine that is capable of creating
a letter-quality output. Figure 1
shows an example an NLQ type
printer—the Printek (1515 Towline
Road, Benton Harbor, Michigan
49022) models 910 and 920. Dot-
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matrix printer technology now
permits printing with far more
dots in the matrix. In addition to
using more dots, the dots are
printed nwvice and are also slightly
overlapped.

The result is an exceptionally
high-quality character that is often
hard to distinguish from the
characters printed by a daisywheel
unit. Of course, there is a price to
pay for the high quality of the
print: the speed is reduced when
compared to other dot-matrix
units—although it's still much fast-
er than a formed-character printer.
However, most NLQ printers allow
you to print in several modes. For
example, a draft mode will print
with a less-dense matrix, but al
higher speeds than the denser
“letter-quality” mode. While such
printers are higher in price than
more conventional dot-matrix
units, you get so much more for
your money. And most of those
printers also have graphics-cutput
capabilities as well.

The highest quality printers
available today are the formed-
character printers, or letter-
Quality Printers (LQP). These de-
vices work in much the same man-
ner as a typewriter, in that a fully-
formed character is printed on the
paper (no dots). Each character is
formed on one leaf or petal of a
print wheel, thimble, or
daisywheel. (We should not ne-
glect to note that the daisywheel is
usually interchangable—it can be
replaced with a wheel that prints a
different font.) The daisywheel (or
thimble) rotates to select the desir-
ed character, while an electrically
driven solenoid hammer taps the
appropriate petal against the rib-
bon, which then contacts the pa-
per. The result is a high-quality
typewriter-like output. But, while
the print quality is exceptional, the
speed is not. It takes time to rotate
the daisywheel into position and
prinl the character. As a result,
formed-character printers are sig-
nificantly slower than dot-matrix
types.

However, formed-character
printers are widely used in busi-
ness where a high-quality output
is required. The choice between a
dot-matrix or a formed-Character
printerwill largely depend on your
needs. If you are going tc use the

printer for word-processing ap-
plications, where you must Create
letters, memos, reports and other
such documents, a letter-quality
printer is probably your best
choice. But remember, you pay for
the quality in lower speeds and
higher prices.

If your application does not re-
quire maximum print quality, you
can probably get by with a dot-
matrix machine. For example, if

more than adequate. Its lower cost
and higher speed are ideal for
printing large volumes of tabular
numerical data.

Yhere are, of course, other fac-
tors that may influence your
choice of printers. For instance,
there’s the type of printer inter-
face, either serial or parallel, that
your computer uses. Make sure
that the printer you select is
equipped to communicate

your output is mostly numerical in

through that type of interface.
nature, a dot-matrix printer is

Otherwise, you'll get nowhere. R-E
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Collecting antique radios

COLLECTING OBJECTS FROM A BYGONE
era is as old as time itself. Such
objects are often referred to as ei-
ther antiques or junk—depend-
ing, of course, on whether you're
buying or selling. Since World War
11, all kinds of collectables have
come into their own—coins and
stamps, for instance, are old favor-
ites. But that's not what we’re
going to talk about—after all, this
is an efectronics magazine!

The antique-radio hobby is dif-
ferent from other “collecting”
hobbies. With radios, unlike other
collectables, you are not as likely
to get ripped off by unscrupulous
characters who deal in "fakes.”
While making an authentic-look-
ing reproduction of an antique-ra-
dio cabinet is possible, the same
does not hold true for the tubes
and other chassis components!

American antiques are obijects
considered by knowledgeable col-
lectors to be over a hundred years
old. Clearly, if that time frame were
applied to old radios, there would
be slim pickings for collectors.
Even the set used by Marconi in
1888 won't be considered a true
antique for a few years!

Many antiquaries—those who
deal in or study antiques—divide
the items into categories:
antiques, semi-antiques and
collectables. (Although there are
no hundred year-old radios in my
limited collection, there are a few
that can be called semi-antiques!)

A look at early radios

It wasn’t until the mid-1920's that
complete radios, like the Crosley
Mode! 51 shown in Fig. 1, became
available to the general public.
Corporate contention seemed to

hamper the growth of the industry.
Designs, innovations, and patents
were not generously shared by the
early radio manufacturers—huge
lawsuits, which tied up production
for months, were not uncommon
in the early days of radio.

Improvements and new inven-
tfons came fast in those early pi-
oneer days. Back then, the average
person had a better working
knowledge of radios than now.
Those people who got in at the
beginning were able to follow ad-
vances in the industry. Any radio
recelver was pretty much a do-it-
yourself project; anyone inter-
ested in radio could read a sche-
matic in those developing days.

The early enthusiast knew if he
wanted to hear what was “on the
air,” he would have to build his
own set. Therefore, what he
wound up with was a custom-built
set. A wealth of information and
parts was available in early radio
publications. And as radio pro-
gressed, complete information
and schematics were offered.

In the early 1900's there was little
commercial interest in radio—de-
spite the development of the two-
and three-element tubes (diodes

WWWW americanradiohistorv. comm

_ N
d\...‘,‘

RICHARD D. FITCH

and triodes).

After World War 1, there were a
number of production portables
on the market that came complete
with cabinet and tubes (two WD11
tubes). While those sets appeared
to be small portables, their
portability was certainly limited.
The aerial, ground, as well as bat-
teries and earphones, were con-
nected to terminals on the front
panel. The Crosley Mode{ 51,
(shown in Fig. 1} was one such set.
That boxy-looking radio (with a
cabinet that measured about ten
inches across) contained 1.5-volt
DC tubes and was battery-oper-
ated. Even at that time, only abgut
a quarter of the homes in Amefica
were “wired.” So the need for bat-
tery operated sets prevailed
through most of the late 1920's and
well into the 1930'!

The stock market crash and
great depression of that era had
little effect on the evolution of ra-
dio. By 1929, most new homes and
many old ones were being wired.
And with the licensing of more and
more broadcast stations, the sale
of commercially-built radios be-
gan to grow. The big corporations
settled many of their differences
(Some went ali the way to the Su-
preme Court.)

By 1920, Grigsby Grunow, for ex-
ample, sold 1,000,000 Majestics
(see Fig. 2). Most old radios, as
well as other manufactured prod-
ucts, had character right through
the 1930’%s. (Civilian radio-produc-
tion was reduced during the early
1940’s—the years of World War I1).

There were small AC-powered
models with cabinets less than a
foot wide that could fit on top of a
bread box (fine collectors’ items or
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FIG. 2

conversation pieces). Those small
antique radios, called “midget re-
ceivers” are much in demand—the
small cabinets are relatively easy to
restore,

During the 1930' the midget ra-
dio was the industry’s answer to

the depression. While fidelity may
have been sacrificed in those mod-
els (with their smaller speakers),
by today's standards, their sound
quality is above average. The mid-
gel radio is the forerunner of the
modern table models.

The radio industry in the early
1930's hoped the midget radio
would replace the millions of “an-
tique” radios of that era, (But with
its cost of around $100.00, listeners
were holding on to their older
models.) Those custom mail-order

HG. 3

or kit radios that were considered
antiques in the early thirties will be
hard to come by today. The set
shown in Fig. 3 is an early antique
radio. However, unlike the set in
Fig. 1, its terminals for connecting
the batteries, earphones, etc, are
inside the box.

The radio industry hoped to in-
duce those not enjoying modern
radio to discard their obsolete
equipment, and join the listeners
of modern radio. For radio deal-
ers, the big profit was in the con-
sole. At least half of the market still
wanted, or could afford the big-
console radios. The massive cab-
inet with huge dynamic speakers
and two shortwave bands was a
prestigious addition to the home
in the thirties. (How many tubes
you had in your radio became as
important as how many cylinders
you had in your car!)

Buying antique radios
Old radios that can be called an-
tiques can be bought for as litile as
$5.00! You might even find a free
continued on page 112
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comlortable Precision cutten. pllkers and
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THE DEVELOPMENT OF 1C'S HAS
brought with it many novelty cir-
cuits and gadgets. And often those
clrcuits serve no purpose other
than to entertain. Although this
telephone-ringer circuit is a novel-
ty, it doesn't fall into that category.
The melody ringer can be used in
place of, or as an extension to,
your present ringer system.

FIG. 1

SPKR| '
reic Wbl
8n 3k T
|

When the phone rings, the cir-
cuit will play one of twenty-eight
tunes (as selected by the user). The
tunes are Certainly a step above
the old clanging bell—which at
times can be quite startling. Some
of the tunes, which are listed in
Table 1, are ideal for special occa-
sions, addIng another dimension
to the circuit’s many uses.

WwWww americanradiohistorv comm
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This coiumn I devoled 10 new eas, Gil-
cuns. device Appicahons. construction tech-
mques helptul hints, ets,

All published anthes. LPON PubCEDBON, will
eam $25_In addmon, lor U.S. resudents ondy,
Panavise will donate thew moded 323—The
Rapid Assembly Circunt Board Holder having
a retad pnce of $3995 1 teatums an sgh!-
posibon rotaling adjustment, indexing at 45-
degree morements, and Six positive keek posi-
fions in the vertical plane, gnving you a full ten-
inch haght adiusimenl for comiortabla work-
ing.

| agrea to the above terms. and grant
Aadio-Electronica Magarime Ihe right 1o
publish my dea and D subseguently re-
publish rrry wJea i collecthons or compdations
of reprints of similar articles | declare that the
aflached wiea I8 rmy own onginal material and
that ts pubbicabon does not wolate any olher
copyrighl. | aiso declare that this matenial has
not been previoushty published.

Thtie of Idea

Signature

Print Name Date

Street

Clty Stale Zip
Mail your Kdaa along with this coupon
to: Mew Ideas Radio-Electronics,

200 Park Ave. South,

New York. NY 10003
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OMPUTERLIIGEST

EW KIND OF MAGAZINE FOR ELECTRONICS PROFESSIONALS

SEIKO’S NEW WRIST-WATCH
OMPUTER SYSTEM

n in-depth look at the world’s first wrist-
atch that forms part of a complete
omputer system.

_ .
-
IGH-RESOLUTION
TONITORS

ow to unscramble all
ose specifications. G

}- GERNSBACK

RECEIVING COMPUTER
lgODlG(l)‘AMS VIA BROADCAST

tandards are being proposed that will
nable you to receive computer programs
rom your radio receiver.
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7 Seiko's New Wrist Computer
When Dick Tracy takes a iook at this newest innovation from Seiko—a
“wrist computer”—he$ sure to tum green with envy. Mark Stem

10 Basicode
Get free software via shortwave radiol Herb Friedman

13 High-Resolution Color Monitors
There's more to computer displays than meets the eye.
Herb Friedman
4 Letters

5 Computer Products

The conclusion of Machine Code Development System for the Timex
Sinclair 1000 will appear in the March issue of Computer Digest.

Find out more about
high-resolution displays,
low-resolution displays,
and everything in
between. The story
begins on page 13.

ON THE COVER

Just about everyone knows about Dick Tracy's waist radio. Well, a
nevy inncvation from the people of Seiko has left that once
speculative device in the dust. The innovation is a tiny “wrist
computer” complete with an LCD wrist-watch-like readout, a
pocket-sized keyboard, and 2K of RAM. See page 7.
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LETTERS

NC COMMODORE PRINTER
PROBLEMS

Qur company, Martec
Associates, Inc., sells a dot-matrix
printer together with the Cardco,
Inc. Card+ interface for the
Commodore 64 and VIC 20
computers. Naturally, we were very
interested by Herb Fnedman’s
article in the September issue of
ComputerDigest, "Printer Delay
for the Commodore 64.°

A phone call to Cardco yielded
the following information. In 1983,
Cardco changed their ROM due to
a probiem like the one descnbed
in the artiCle. However, since then,
they have not had any probiems. Is
it possible that Herb Fnedman
used an old Cardco CARD?—
Arthur Kingsnorth, Vice President,
Martec Associates, Elk Grove
Village, lllinois

Although both the Commodore
computer and Cardco interface
were bought shortly before the
ariCle was prepared, it is possible
that the Cardco interface was
sitting around in stock for some
time and therefore contained the
oid ROM. The Custormer Service
Departrnent at Cardco assures us
that alf problems have been
corrected with the printer adapter
If anyone runs into a situation flike
the one Herb friedman did,
Cardco will gladly replace the
defective interface if it is sent to
the Customer Service Department
at Cardco (300 8. Topeka, Wichita,
K5 67909} atong with proof of
purchase and a description of the
problem.

Tl COMPUTERS

You say that you're not “just
arother computer magazine.” Well,
so far all you do is talk about the
same things that the other
computer magazines do.

| have a Tl 99/4A, and | haven't
seen anything written about it in

4 ComputerDigest — FEBRUARY 1985

ComputerDigest. For that matter, |
haven't seen much written about it
in any of the other magazines. That
is one of the reasons that I'm
writing this letter | would like to
know how to make a phone
modem, and a few other things for
my computer. I'm sure that there
are many more people like me that
have a Tl 99/4 computer,

| enjoy Radio-Electronics, but
if ComputerDigest is qoing to be
like the rest of the computer
magazines, then we can do
without it.—B8rian E. Sparting,
Northfield, IL

If you're 8 Tt owner and think
you have an article for publication,
consicler this an open invitation for
you to let us know gbout it.

PUBLISH YOUR PROGRAMS

The Blacksburg Group writes
and produces books about using
small computers. Since 1977, we
have developed over 60 titles on
electronics and computer
subjects, and our books are
published by major U.S
publishers.

One of our new projects is the
collection and publication of
useful engineering and scientific
routines and subroutines. We know
that many people have written
interesting programs to solve a
specific problem or because they
couldn’t find a special routine they
needed. Our book gives these
people a way to share their
programs with other scientists and
engineers so that others can
benefit

Useful programs include those
that do graphing, numerical
analysis, statistics, equation solving,
3-D plotting, controlling real-time
clocks, controlling analog
converters, and $0 on. We are
interested in almost aif programs
that could be used by scientists
and engineers to answer specific
or general needs. We know from

CompPUTER
JIGEST
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LETTERS ...

personal experience that most
peopie don't want to become
professional programmers just to
be able to use a Computer, SO we
strorgly feel that a collection of
wseful program segments will be
invaluable.

If readers are interested, they
should write or call us first, and
we will send them guidelines and
other information about submitting
a program or subroutine. Our
number is 703-951-9030 {(which is
in the Eastem time zone).

Right now, we're particularly
interested in BASIC-language
programs for popular desktop
computers. This is NOT a vanity
publication, anct authors retain the
copyrights to their material -
Jonathan A, Titus, Ph.D, President,
The Blacksiourg Group, Inc. PO Box
942, Blacksburg, VA 24060

Thanks for the information—
we're happy to pass it along to our

readters.

Competition

I'd like to make what | think is an
important point that we'd all
better understand. | know nothing
at all about spectator sports, and
Could not Care less. | think that it
was for that reason alone that my
young son developed his own
interest, anc! leamed to quote the
batting averages of every football
player in the major leagues. It gave
him the opportunity 1o know
something that | didn’t. He once
challenged me to ask him any
question about baseball, so |
asked him how far it was between
first base anct home plate, and he
became angry. “What kind of
question 1s that”

Being an olg electronics nut
myself he shiedt away from that
fieldt until he reaiized that my
knowledge of computers was
minisCule. He jumped on that t00.
He became an ovemight computer
“expert” and kept asking questions
of a technical nature that he
already knew the answers to. |
quickly caught on to the Jame,
and began 10 senousty read—and
wonder of wonders—to
understand, thanks to

ComputerDigest.

Things are txeginning to settle
down now around the house.
We're starting to leam more
together, and we're enjoying it
more all of the time. Just thought
you'd like to know, Keep up the
good work —J.P, San Francisco,
CA 40p

COMPUTER PRODUCTS

For more details use the free
information card inside the back cover

PRODUCTIVITY TOOL, Speed Key Is
designed for business software
programs and languasges. It makes
them easier to leam and to be
customized to €ach user’s special
needs. Speed Key supports the
following business-application
Programs: Lotus 1-2-3, WordStar
MuitiPlan, SuperCalc, VisiCalc, dBASE
#, ang IBMS DXOS and BASIC
programming language.

With Speed Key and Koala's touch
tablet, a user can bypass the standard
computer keyboard to run the ieading
business-soitware programs. Speed
Key corverts the Koala touch tablet
INto 8 custom keyboard with up to 37
programmabile function keys and a
cursor controtler with the features of a
“mouse” pointing device

Each Speed Key overlay has 36
squanes, with each square representing
a softkey designed 0 gve specific

CIRCLE $1 ON FREE INFORMATION CARD

instructions to the [Bam PC or 1Bm PC-XT.
When & softkey on the overlay is
pressed, the computer and
appiication software will think that the
user is typing on the computer

Wwww.americanradiohistorv.comm

keyboard, Thus, the user does not
have to remember lengthy commands
and multiple keystrokes required by
conventional keyboards.

Speed Key has a suggested retail
price of $99.00.—Koala
Technologies Corp., 3100 Patnck
Henry Drive, Santa Clara, CA
95052-8100.

GRAPHICS SUBSYSTEM, the mode!
DT@750, is a full-COlor raster subsystem
that atlows any C-8us processor to
generate and display mixed graphics
and alphanurperics on 8 monachrome
o stancard RGB color monitor.

The model DTE750 contains a 199K
graphics-display memory thak
ordanized as two independent display
buffers with 572 X 512 X3 pixels each.
The framesize may be jumpered to
512 X156 % 3 pixels The 3-bit depth
permits display of eight colors at one

FEBRUARY 1985 — ComputerDigest 5
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time, selected via a lookup table from
a palette of 512 colors. When used
with 3 monochrome monitoy, there are
eight levels of gray scale availlable.
Applicatons for the model DTI750
graphics oard are found in process
monitoring and control, medical

glectronics, business graphics, and
visual network control. It is priced at
$1995.00 —Data Translation, 100
Locke Drive, Manboro, MA (17592,

EDUCATIONAL SOFTWARE GAME,
States & Traits, challenges families and
children ages nine and above to
sharpen their knowledge of United
States geograptyy, history, and current
trivia.

The map-maker/user has two
options: In “states,” he or she charts
states into their proper locations on &
coiorful master map. In “traits,” the
cartographer’s challenge is 1o plot
topographical features into their
cofrect geographic POsitions and to
answer guestions on U.5. landmarks,
history, and trivia.

Players can choose to test their
geographic knowledge of the whole
United States, or to concentrate on
one of four regions. If the player
selects “states,” the labeled outfine of
a state appears on the screen next to a
map of the total U.S. or region. Using &
JOYStck oF keyboard, the player then
leads the state 1O its COfrect position

THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE

A defense against cancer can be
cooked up in your kitchen.

There is evidence that
diet and cancer are reiated.
_ [Follow these modifica-
tions in your daily diet to
sduce chances of getting
T
. Eat more high-fiber
foods such as fruits and
egetables and whole-
grain cereals.
2. Include dark green and
deep yellow fruits and veg:-
etables rich in vitamins A
and C.

3. Include cabbage, broc-
coli, brussels sprouts, kohl-
rabi and cauliflower.

4. Be moderate in con-
sumption of salt-cured,
smoked, and nitsite-Cured
foods.

5. Cut down on total fat
intake from animal sources
and fats and oils.

6. Avoid obesiry.

7. Be moderate in con-
sumptijon of alcoholic
beverages.

A -

No one &ccs AMERIKCAN
cancer alone. ¥ soCIETY
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on the map The state appears to
“march” across the country as the
player moves ang charts its course.

In the “taits” portion of the game, &
map and & Quesion appear on the
screen. State capitals, nerghbonng
states, historical facts, and Current
events are all fair game. To answer, the
user draws an arrow tO the cormect
state. For example: “What state Ciaims
farme as the bovhood home of
Abraharm LINCoin?” The player must
point to the state of llhinois. States &
Traits is pnced at $44.95.—
Designware, 185 Berry Street, San
Francisco. CA 94107

DATA-ACQUISITION BOARD, the
DASH-16, is a high-speed, plug-in
data-acquisition board for the 18M PC
and other bus-compatible computers.

CIRCLE 24 ON FREE INFORMATION CARD’

DASH-16 orovdes 19-bit A/D
conversion and speeds up to 40,000
samples per second, with transfer to
memory at that speed wsing DMA
(level 2 or 3). Sixteen single-encled or
eight differential analcg input channels
are avallable {swatch selectable), as is
an instrumentation amplifier with
switch-selectable 9ains of 0.5, 1, 2, 5,
10, and a special “user gain™ for
specific application gain requirements.
Data conversions may be initiated by
the program, an internal timer, or by an
extemal ngger. Converted data may
be transfered by program interrupt or
DaA. The interrupt and DMA modes
support background operation. nput-
voltage range is =10 to =0.5 volls.
The DASH-16 15 pnced at
$895.00. —MetraByte Corp.
954 Tosca Drve, Stoughton, A 02079,

WWWW.americanradiohistorv.comm
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SEIKO’S NEW
WRIST
COMPUTER

It had to happen, and Seiko did it... Heres a look at the new Wrist Computer!

Marc Stern

mlf you've been following Dick Tracy through the years,
you've probably seen him talking to Sam, his sidelck,
on his wrist radio. Well, today that can be updated
Instead of talking to Sam on his wrist radio, Dick Tracy
will probably use his wrist computer 1 exchange
information with him

Although that may sound like science fiction, it really
isn't because of @ recent development from Seiko, the
people who normally bring you high-quality watches
and mini-televisions, among other things

Seiko does it

The Seiko Datagraph system, which consists of a
wrist module, pocket keyboard, and contrcller is the
result of several years of development by the Japanese
electronics giant Hattori Corp. It relies on large scale
integration {LS!) techniques and the first use of
inductive wireiess transmission technology in the
computer industry,

When you first look at the warist module, you'll notice
that it 1sn't especially unique-looking. In fact, it looks
just like a watch (which is what you'd expect from
Seiko). It's what the company has done with
technoiogy and how they have managed to squeeze
some computing power into a wrist-sized package that
sets it apart from all the other wrist watches of the
world

The wrist module

The basic component of the information system is
the wrist module. It contains five CMOS LSI ICs that
include a four-bit central processing unit; 8 2K RAM,
and three display drivers for the liquid-crystal display.
A block diagram of the wrist module is shown in Fig. 1

The LCD reaciout consists of a 10-column by fourrow
matrix that has a resolution of 1,400-pixels. The LCD not

only serves as the display for the computer, but—as
you would expect of a watch manufacturer—it aiso
displays ail the timekeeping functions, inCluding day,
clate, chronograph, and alarm It is powered by a
lithium battery that $eiko claims will supply power to
the wrist module for 1.5 years.

DISPLAY

COMMON DATA  s1-54 ADDAESS

DISPLAY OISPLAY thu x
paman 5 L2 E MASTER HOM .
DRIVER {1} ORIVER
LED

RS ol suzZER
SERNE DAIVER
DRIVER (1))

FIG. 1—THE DISPLAY MQDULE contains an LCD display, two
display drivers, a master display driver, CPU and 2K of RAM, a
{oop antenna and a buzzer.

The keyboard module

Data is entered into the wrist module by a pocket-
sized keyboard unit. The keyboard measures only Sk
% 9% x % inches, and contains 61-keys through
which data is input 1o the wrist module. The wrist
module itself has onty four buttons that are used t©
access pre-programmed functions. So, as you can see,
the keyboard is an important device. You can use the
keyboard unit to input notes, calculations, eic. into the
wrist module. You can even store teiephone numbers,
appointments, and just about anything else in the
device

Data is transferred from the keyboard unit to the

FEBRUARY 1985 — ComputerDigest 7
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THIS IS NOT a wristl watchl It is Ihe display module for the
Selko Datagraph compuier.

wrist module through induction. The wrist module fits
on a small plate at the left of the keyboard and
communicates with the controller at a rate of 2048
baud (bits per second). The communications is
duplex. The keyboard is powered by another lithium
battery that Seiko claims will last five years before
replacement will De necessary.

Locking at the black diagram of the keyboard
module shown in Fig. €, you'll see it is really made up
of two parts. The first is the keyboard circuit and the
second 15 the inductive transceiver The transceiver both
transmits and receives data as the block diagram
indicates. That dual functionality is built into a8 CMOS

--—-lDP—*\
KEY ENCODER
P TeanswirTea | %
ANTEHNA

.FIG. 2—THE KEYBOARD MODULE contains the keyboar , a
keyboard encoder and transmitler, and a loop antenna.

LSIHC that handles not only key scan, but also character
generation, as well as wireless transmission. It runs at a
ciock rate of 32,768 kHz.

Master control

Rounding out the Datagraph system is the module
that tums this system into a true 8-bit microcomputer,

8 ComputerDigest — FEBRUARY 1985

the UC-2900 controller Communicating inductvely, the
Controller uses the wrist mogdule as its display device.
As shown in Fig. 3, the UC-2900 controlier contains an
8-bit CMOS Z80-equivalent microprocessor it boasts
not only a complete, typewriterstyle QWERTY
keyboard with function keys, but also a dot-matrix
mini-printer. The controller also features 4K of RAM

L

THE UC-2200 CONTROLLER urns the display module into an
8-bil micro-computer. The controller is shown here with an
application ROM pack in place.

memory and a ROM applications pack that includes
scheduling, a 26K BASIC interpreter, as well as other
programs. The ROM can Contain as much as 32K The
entire unit measures only 5 X 7-inches and it can be
powered by alkaline batteries.

The importance of the Seiko Datagraph system lies
equally in its size and capability, as well as its method
of transferring data from one device to another. it is the
first system in the industry to employ inductive
transmission and reception techniques.

It brings major computer capability to a unit whose
key part—the wrist module—is intended to be wom

[2-]

ROM RAM

|—|Dl'-]

ANTENNA

KEY ENCODER

BUZZER

TRANSMITTE R

BUZZER

PRINTER AOM
CONTROL =
CIRCUIT {OPTIONAL)
PRINTER KEYBOARD

FIG. 3—THE CONTRQOLLER MODULE contains a CPU, RAM.
ROM, an opiional ROM containing applications software. a
keyboard encoder, buzzer driver and transmitter. a keyboard,
printer controller, printer, buzzer, and loop antenna.
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on your your wrist. Andl, the system itself is smal
enough that it can be easily used by the “man on the
30." Ten years age, when the first microcomputers were
making their appearance, it was impossible to have a
computer at your fingertips wherever you went. Of
course, that situation changed about four years ago
with the introduction of such transportable computers
a5 the Oskome | and the Kaypre. But, lets face it, those
computers were far from conveniently sized for
hauling. Briefcase computers did put true computing
powver at your fingertips wherever you went, but they
were still fairly large. However, the Seiko Datagraph
system now puts computing powWer On Your wrist—a
very convenient package.

inductive coupling

Rather than relying on traditional radio transmission
techniques, Seko chose to use inductive coupling to
ransfer data between the various modules. Figure 4
shows the basic approach.

LCO PANEL

k4

AMTENMA COIL
ol ———

// | \\ ANTERNA COIL

FIG. 4—ANTENNA COILS are used for“tnductlvely transfer-
ting data between the various modules.

Each module contains an antenna coil that resonates
at 32 kHz. That frequency was chosen because the
other clock frequencies contained within each of the
modules could be easily filtered out. The bit stream
moduiates a 32-kHz signal that is applied to the
fransmitting antenna. If the bit is at a legic 1 level, then
the 32-kHz signal is applied to the antenna, if the bit is
at a legic 0 level, then no signal is applied to to the
transmitting antenna. The magnetic field produced by
the transmitting antenna cuts across the windings in the
receiving antenna. The réceiving antenna produces a
current in response to the magnetic field. The cutput of
the receiving antenna is an exact dupticate of the
ornginal signal applied to the transmitting antenna. The
39-kHz signal is filtered out of the received signal and
the original bit stream is recovered.

An eight-bit digital word is transferred in very much
the same format that is used when two computers
communicate via @ modem. The actual transfer of the
eight-bit digital word consists of a start bit, followed
by eight data bits, a parity bit and finally; a stop bit.

Seiko chose inductive technology for several reasons.

First, it could keep everything inside a hermetically
sealed unit $O it is humidity resistant. Second, it helps
to keep the unit portable because of its small size.
Next, the company chose this method because of the
ease of interfacing the units. There are no cables to
worry about and it allows duplex communication
through one loop. Last, but not least, the technique is
easy to implement and since the circuitry needed to

accomplish it is simple, few parts are needed. In fact,
the data transmission and receiving Circuits can be
connected to ene antenna coil.

Packaging

None of this would have been possible without
developments in LS| packaging. For instance, all parts
of the transmitting-receiving circuits, other than the
coils and tuning capacitors, are [ocated on 4 single
integrated circuit.

Look at Fig. 5 and you'll see how the wrist module is
put tegether The main substrate—epoxy glass resin—
contains three LS| packages. In tum, a ceramic
substrate, which contains the wrist module’s 4-bit CPU
and 2K RAM, is soldered to the rear. In other words,

@\ PIEZOELECTRIC
ELEMENT
CASE BACK

GASKET

ANTENNA COIL

ELELTRIC
CIACUIT MOQDULE

CASE

FRONT SWITCH

PANEL HOLDER \

_— LCO PANEL
e
AEFLEGTOR

L_E:;;/ CIRCUIT

SUBSTRATE
23
> BATTERY
""" CONNECTOR
.J BATTERY FRAME

L
il
el 7
FIG. 5—CONSTRUCTION OF THE WRIST AODUL. .

WO substrates contain the five LSI chips needed for
the entire module. This was made possible by a
breakthrough that allowed Sesko to combine two
display and controi functions onto an indiviciual
substrate.

Even the pickup loops have been carefully merged
into this plan. They are wound around the battery
frame, eliminating the need for extra space.

With all this, the day of the wrist information system
has dawned and just like Dick Tracy, we ¢an now have
our own “wrist radios,” but they're really computers, of

course. D
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BASICODE

You can get free software via shortwave radio.

HERB FRIEDMAN

mSome things are carved in stone. For example, we all
knowy that as a general rule, cassette-based BASIC
computer Programs aren't interchangeable. A program
recorded on a Radio Shack computer won't run on an
Appie, while an Apple program won't run on 3
Commodore 64, etc. Until the introduction of a
software systermn called BASICODE, the non-
compatibility of ape-based computer software was an
accepted fact for two reasons: First, there is the
cassette tape format. With few exceptions, no two
computers use the same kind of electrical signats to
store the programs or data. Second, there are variations
in the BASIC commands themselves; ie., the CLEAR
SCREEN command for one computer isn't necessarily
the same for another computer,

When one knows the facts, the problems associated
with exchanging software between different computer
models often appear insurmountable. But as with many
things, facts tend to get in the way of real life.

For many years, computer hobbyists and users in
Eurcpe have routinely exchanged cassette-based
BASIC programs on almost every imagineable subject
These included software for games, arithmetic skills,
reading skills (particularly useful for pecple with
clyslexia), and some rather high-level stuff such as
titrations (chemistry), and even a program that creates a
555 timer circuit on the screen and then calculates the
required values for user-selected frequencies. And
there’s even software for computerists interested in
music, such as a graphics program that shows the
correct fingering for quitar chords. (The screen

ONE FULL CYCLE OF
1200 H: = 0" {LOW)

l l l | _____ TW0 FULL CYCLES OF
2400 Hz = "5 {HIGH)

FIG. 1—REPAESENTING ONE FULL CYCLE of 1200 Hz, is a
“0" (low), while a 1" {(high} s represented by two full cycles of
2400 Hz. A byte of data uses standard [cletypewriter format of
1 start bit {logic 0), 8 data bits (loglc 1), 2 stop bits (logic 1)
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photographs that appear later in this article illustrate
wo of the typical exhange programs.)

"Ahal” you say "This is too good to be true. There
must be a catchl” Yes, there is a catch. Here in the U.S,
you can't exchange scftware unless you have a short-
wave receiver and a cassette recorder, because the
programs are broadcast as part of an English language
radio program called “Media Network, “which is
transmitted worldwide via short-wave radio by Radio
Nederiands, the independent intemational short-wave
station of the Netherlands.

And after you have recorded the broadcast, you
must use a special transiator Prodram to convert the
broadcast into the hardware and software format
required by your computer

Difficult? No. It only appears to be difficult. For most
commonly-used computers, its as simple as pressing
the PLAY button on the cassette machine The translator
program—which is available for many popular
computers—works on two distinct ievels; hardware
and software., It processes the received electrical
signals Into the format required by your computer, and
then interprets the handful of non-standard BASIC
staternents into the format required by your computer’s
particular version of BASIC.

Hobbyscoop

The translator software is part of a system called
NOS-BASICODE, which was developed by Dutch and
other European hoblyists for the “Hobbyscoop”™
{Hobbyscope) radio program NOS—the Dutch

BYTE SEQUENCE CODE
S ) @ A0 B0
LOGIC | i A R
£ e o
Sltlofr]e o 0|y v 22
LOGICY =

le—7 CHARACTER 81TS =] \

HTH BIT ALWAYS HIGH
FIG. 2—THE LETTER ‘E’' shows the byte sequence code.
You'll find a start bit, seven character bits, the eighth bit and
two start bits, a total of eleven bits.
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Broadcasting Corporation. Hobbyscoop features news
of new and unusual developments in electronics which
would be of interest to hobbyists, When perscnal
computers came along in 1977, it was natural for
Hoblyscoop to cover the subject and to broadcast
software for the few home/hobly computers available
at that time.

Onginatly, Hobbyscoop broadcast indvidual
computer programs. A single program for three
different Computers required three separate
broadcasts. As more computer models were
introduced, the amount of time needed to broadcast 8
single program for the vanous computers became
burdensome, and 5o 8 "unrversal language” called
BASICODE, which incorporated a transiator, was
developed. The purpose of the BASICODE system was
to use a single lbroadcast to transmit & pProgram to many
different computers, all having differert electncal and
software requirements. Eventually, BASICODE wouid
translate for 20 different computers.

The broadest tones

Transmitted at 1200 baud, the tone frequencies of
1200 Hz and 2400 Hz are used to broadcast the
software to the receiver/Cassette recorder As shown in
Figure 1, a “0" (low) is represented by one full cycle of
1200 Hz, while a “1* (high} is represented by two full
cycles of 2400 Hz. A byte of data uses the Standard
teletypewriter format of 1 start bit (logic 0, 8 data bits
(logic 1), and 2 stop bits {logic 1).

All characters are represented in ASCI {Amerncan
Standard Code for nformation interchange). Since only
seven bits are used to represent an ASCII character, the
eighth brt 1s atways automatically set high (1). The
complete Character consists of a start bit, seven
character bits, the eighth bit, and two start bits. A total
of eleven bits; exactly the same format as used for a
standard 110 baud teletypewriter. Figure 2 shows how
the character “"E” would be transmitted. Figure 3 shows
the tone sequence used for the actual broadcast
transmission, which is eventually recorded by the user.
The compiete off-the-air signal consists of; Leader, 5
seconds of 9400 Hz; Start text, ASCIl "Start Text™ (Hex
89); Program, BASIC in ASCII; Checksum, and Traller, 5
seconds of 2400Hz. The checksum at the end is
derived from the bit indication of exClusive-OR of the
previous bytes, and is expressed as an 8-bit term. The
purpose of the Checksum is to allow the user to test
whether the program has been read from the tape

W/////////////—MUU

{55085 1, mmoonan———{ | 13

:\ Vo
I CHECESUM

]
START TEXT ASC11 HEX 82

FIG. 3—THE TONE SEQUENCE used for the actual broadcast

transmission, which s eventually recorded by the user.

without error. Even if the Checksum is not correct—
indicating an error—BASICODE will load the program
and pemit a listing of what has been read. Since the
program is in BASIC and not op code {binary), the user
can correct the errors and then SAVE the program in
the usual way.

The translator converts

Since no computer reads the the transmitted
cassette format directly, the user must first load the
translator program into his or her computer (The
translator is written in the precise software and
harchware format required by the computer) Then the
BASICODE cassette program is loaded. The transiator,
which is already in the computer, Causes the computer
to read the BASICODE cassette signals, and then
Converts the RASICODE into the format required by the
computer,

Qbviously, not all BASICODE cassette programs ¢an
be Ioaded in the usual way because some of the
cassette interfaces used in home computers are SoiNg
to reject anything that isn't precisely formatted, and the
translater can't do amything until the signals get into the
computer

Gererally, if the computer refuses to load non-
conforming cassette signals, @ hardware accessory will
get the received cassette signal into the computer. For
example, while the BASICODE cassette tape can be
fed directly into an Apple or Commodcre computer, a
TRS-80 requires a simple interface such as the one
shown in Figure 4. On the other hand, an OS5I Modef 1P
computer {an early hobbyist model) requires only the
the addition of a three-way switch and a wire jumper,
while for CP/M computers, the BASICODE signal is fed
into what is normally the computer’s parallei printer
output.

A few computers require a somewhat extensive
accessory interface. Circuits for those computers that
require accessary interfaces are given in the BASICODE
Handbook. We'll tell you how to get one later in this
article.

Once the BASICODE program has been toaded into
the computer and translated it can be SAVED as a
standard cassette file—even as a disk file. As far as the
computer is concemed, the translated program is a
“standard” program for that particular computer and
can be used on any similar computer without need for
the translator.

¥
FRDM ] I‘DPAK
g A o>
%
o ZMPINTS

24PNy INSIG 225PING

FIG. 4—A SAMPLE INTERFACE for the TRS Model I} as
shown in the BASICODE Handbook.
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Universal basic

BASICODE is not an "..all bells and whistles” version
of BASIC; instead, BASICODE is more like the high-
performance time-share BASIC from the era when
schaols used teletypewriter terminals connected via
the telephone system to mainframe computers. The
supported staternents in BASICODE are: ABS, AND,
ASC, ATN, CHRS, COS, DATA, DIM, END, EXP FOR,
GCOSUB (GO SUB), GOTO, [E INPUT, INT, LEFTS, LEN, LET,
LOG, MID$, NEXT, NOT, ON, OR, PRINT, READ, REM,
RESTORE, RETURN, RIGHTS, RUN, SGN, SIN, SQR, STEP
STOP TAB, TAN, THEN, TO, and VAL

The translator automatically accommodates the
various ideosyncracies of BASIC through special
BASICODE software routines iocated in the reserved
area of program lines 0-999. (Since lines 0-999 are
reserved for the trans|atorn user written code starts at
line 1010.)

The program translation works this way: Assume you
want to write a program that will be used by others
having different computers and a BASICODE bansfator
You want your program to clear the screen first. Since
the CLEAR SCREEN statement varies from computer to
computer. A BASICODE program would not use the
"normal” CLEAR SCREEN command for your computer,
instead, the program would use the statement GOSUB
100.

Each translator program has the correct CLEAR
SCREEN routine for a specific computer at ine 100. The
GOSUB command sends the program to line 100 for
the correct CLEAR SCREEN statement, and then retums
to the program. Another example is a random number
variable. Thats a GOSUB 260, which the translator uses
to generate the correct “random” statement for each
computer. Actually, there’s not more than a handful of
conversions. Having lines 0-999 available insures that
BASICODE has room to grow:

It's all in a kit

A kit consisting of the BASICODE handbook (with
English translation) and an Enghish-language cassette of
translators for 17 popular or commonly-used
computers {the ZX-81 is not one of them) is available
{sent airmail) for f 38, {f = Dutch gquilders), payment in
an intemational money order (IMO). The kit can be
ordered from: BASICODE, Administratie Algemeen
Secretariaat, NOS, PO Box 10, 1200 JB Hilversum, The
Netherlands. Since the translators are updated
periodically, information regarding the availability of
specific transtators should be addressed to: Jonathan
Marks, Media Network, English Section, Radio
Netherlands, PO. Box 222, 1200 JG Hitversum, The
Netherlands.

You're on the air

All programs broadcast by Hobbyscoop and Media
Network are submitted by listeners and are in the
public domain. Many programs are in Dutch and/or
English, or only English. it depends on who submitted
the program. While you might not be able to read the
Dutch 1abels of non-English programs, you can Certalnly
understand or figure out what’s going on. You can also

12 ComputerDigest — FEBRUARY 1385

F l.-. r migrof
Whsctie T »

SENTERE .

R ol

A BASICODE PROGRAM created this schematic of a 555 timer
and then asked for the desired frequency and duty cycle. In
the blink of an eye. part values were displayed for the nearest
standard values. The requested frequency was 800HL

rewrite the fisted programs because the BASIC function
staternents—not necessarily the PRINT statements—are
usually in English.

If you have some favorite programs you would like to
share with others around the world you can submit
themn to Media Network, or Hobbyscoop for
consideration. The BASICODE programs are presently

JUST FOR FUN. BASICODE has broadcast a program that
creales W video clock,

received throughout a good part of Europe from NOS.
They are also part of the BBC's computer-training
broadcasts. Local transmitters broadcast the programs
in Australia and New Zealand; and finally, they can be
receved in this country via English language short-
wave broadcasts at 0230-0325 UTC on 9590 and 6165
kHz, and at 0530-0625 UTC on 9715 and 6165 kHz.

The Media Network program will shortly be available
to radio stations in the U.S, for local broadcast, but
until then, you'll have to get your “free” software via
shortwave, <P
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HIGH
RESOLUTION
COLOR MONITORS

There’s more to computer-display resolution than meets the eye!

‘HERB FRIEDMAN

mAImost from the beginning of personal computing,
we have referred to color displays in terms of
resoiution; there is low resolution, medium resclution,
and high resolution. The indmdual picture elements
that make up the display have been described in terms
of dots, pixels, PELS, and! total resolution of dots X
lines.

what is resolution?

In fact, the picture resolution—meaning the number
of individual picture elements that can be displayed—
is relative to the existing technology: Yesterday's “high
resolution” is todays “medium resolution” while today’s
"high resolution” IS tomorrow’s "iow resofution.”

Unlike a mOnOChrome monitor, whose apparent
visual sharpness depends almost entirely on the unit’s
banawidth, color-monitor resolution is presently a
combination of several variables, the most important
being the size of the triad (a triad is made up of one
red, one green, and one blue phosphor), the number
of tnads in a picture element, and the size of the
displayed characters in terms of the number of active
scanned lines. "Active lines™ arethose |ines used for the
computer display; it does not include the lines left
unused to compensate for overscanning.

For multi-color reproduction, approximately 320
individual horizontal picture-elements per fine is about
the best we can do under normal circumstances. (That
used to be considered high-res, but today, its medium
resolution.) The primary limitation on the number of
horizontal elemnents 18 the size of a single dot of a
character’s matrix on standard color CRT's used for
‘personal computer monitors, which transtates into the
maximum number of horizontal Characters

For example, characters for the so-called 80 x 25
screen are usually formed from an 8 x 8 dot matrix. In
non-technical terms, it means each character is 7 dots

high and 6 or 7 dots wide; the unused dots providing
the spacing between characters and rows. Therefore,
B0 columns of characters require 80 x 8 or 640 dots
per honzontal line. A 40-character display requires 40
X 8 or 320 dot resolution.

it is the same thing qoing verticaly 25 lines requires
25 x 8 or 200 horizontal lines. (Ahal Now you see
how screen resolution values are derived.)

Therefore, a high-res screen—80 characters x 25
lines—requires 640 x 200 resolution. A medium-res
screen—40 characters x 25 lines—requires 320 x 200
resolution. Arything (ess, such as 32 characters X 16
lines is low resolution.

Standards

How did we come to more or less standardize on
32 x 16, 40 x 25, etc.? Mostly to accommodate
existing monitor equipment such as overscanned TV
sets; sometimes because it's the most that can be safely
put on the screen. To incCrease the size of the characters
by goingtoa 9 X 9or 10 x 10 matix would reduce
the number of columns or rows, or would require
special monitors if the display wasn't to be “stretched”
right off the top, bottom, and sides of the screen.

TV is a compromise

Until very recently, personal computer coior displays
were intended to be viewed on a TV receiver (through
an RF modulator), or on 8 composite monitor ofiginally
intended for TV viewing; hence, the computer’s color
resolution was designed to function within the
limitations of TV equipment, for which a resotution of
9240 elements (dots) per line was—and still 15—
excellent. In relative terms, however, it is “low
resolution.”

Also, a computer’s vertical resolution is designed for
approximately 100-200 lines, depending on whether it
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"full frame” the display; that is, the monitors scanning is

o gewind on au adjusted so the actual comers of the display barely
s intenaed ssion! 352 é touches the sides of the CRT, Creating a complete
(Fox o 9C or visudl B~ picture rectangle on the CRT with dark (no picture)
an ven Sf@me \arae areas at the top, bottom and sidies. If you um up the
pecase & e up B aisP monitor's brightness of contrast controls, you will
s thd actually see a complete rectangle on the CRT, nght
e down to the comers. (Try this on 8 modem Radio
watt 2 18 i@l Shack or IBM monitor—you'll see why their displays are
A Stancr G a _f""—"dg uniformly sharp from comer to comer)
rst entica © By keeping the color guns away from the

circumference of the CRT, the focusing and overall
convergence error 15 reduced. And while the display

f 5 e SBL might be smaller in size than an overscan on the same
qan—and ogs. ThE fnes i« CRT, the oversll definition is higher
scanned W e f“’-er By the way, the 200-line non-interiaced SCanning is
with We and e & . how one form of "highlighting” is created. Imagine for 8
pzmste“;e{ ds 8¢ Cof“hd moment a screen display of a word processing
WO cause 5OMe document. The nommal character intensity is produced
frame. 8¢ wraces g6t DY scanning the characters for two fields per frame. For
s vert s less 3h =7 “highlighting™—actually reduced intensity—the
\d unesf courses SN -" highlighted characters are only scanned for one field.
T:“\ZLBO due Ot A ha SImple but effective.
a N )
f:nake use 0;:“-,‘,13 51292 Good but not great

R PE 3 (W‘dﬁt‘.\g% While the lower-cost computers—those usually
o < L e infor™ 5‘:‘{.alled "home and family”"—use TV sets or composite-
facture Ty = idec monitors for the computers dispiay, the business
manue e Zve LerompUters, almost without exception, provide for the
'\afgzzﬁisned el >0 called RGB monitor, even if they also have a
have ccans e zdgejnpmposite video output connection. The problem with
nove et m‘v.sszd- 7 NG COMpOsite monitors with computers is that they
usudlty and 1ePPER 2 andlog video signals. While they can do a good job
mvie of AN e‘ta@':reating computer displays, they are not the equal of
WS 0GB monitor whose three color quns are controlled
viclually by the computer.

vl RGB monitor

r-"' As shown in Figure 1—a block diagram of the RGB
high-performance, high-resolution Princeton SR-12
\ monitor—the computer outputs digital data for each
individual color gun along with a digital signal
\ representing intensity. A matrix interpolates the digital
v 9 data into individual R, G, and B drive signals, which
\ W produce 8 colors: black, green, red, blue, brown, cyan,
magenta and white. (Theres no error in the preceeding.
\ { While RGB should produce yellow; not brown, in a
high-performance monitor such as an IBM, a Quadram
\ HX-12, or a Princeton 5R-12, the base color is brown,
and the intensity-modified brown is yellow:)
When the intensity bit is combined with the
\ computer’s RGB data in the monitor's color matrixing
circuit, the resultant colors are: dark grey (intensified
black), Iight blue, light green, light cyan, light red
(which is the only red provided by some monitors),
light magenta, yellow (a true yellow), and pure white (a
super white). Altogether, 16 colors.

Tiny dots

But whether the monitor fs mone or color, the
average monitor is still 200 lines, so the apparent
sharpness is determined by the size of each dot, and
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the smaller the dot, the shamper the appare
High-resolution monitors appear to be si
conventional high-performance monitors be
dot size is smaller For example, the Quadra,
and Princeton SR-12 have a 0.31mm dot com
1BMS 0.43mm dot size. Thus, the Quadram/Py
characters appear shamer than those of the i
monitor Unfortunatety, both Quadram and Prir
stretch the screen display to make the characts
than they would appear when full-framed, wiy
some of the display into the comers of the CRT
last place you would want a high-resolution dis
because of reduced focus and convergence, ar
diagonal stretch caused by even minimal
pincushioning,

400 lines

Within the limits of moderate cost, there is only s
much resolution that ¢an be attained from a
conventional high-performance monitor. For a furthe
increase in apparent resolution, we must still fill in th
gaps in the display so the eye is tricked into believin:
the display has more information than is actually there
This is accomplished through a 400-line dispiay:

Since the computer’s normal chamcter and graphics
generators produce 200 lines per field, we obtain 400
lines by generating artificial lines of information. The
“extra” lines are positioned directly between the
nornal scanning lines in the normal “interlace” facation.
The inherent "bloom” of each dot biends the lines
together, and the eye sees a continuous character

FIG.2—A DISPLAY as seen on the s¢reen ot a Quadram HX-12
640 = 200 high-performan<e monitor shows that though the
characters are "sharp as a tack” (tor a color monitor) there is
an illusion of unsharpness because of the space between the
scanning linea.

Figures 2 and 3, photographs from two high-
perormance, moderate-Cost monitors, show how it's
done. Frgure 2 is from a Quadram HX-1€, one of the
highest performance 200-line monitors: By ary
standards, it is sharp! Figure 3 is the same display from
the Pnnceton SR-72. Note that no scanning lines can be
seen. While the edges of the characters displayed on
the SR-12 are not as sharp as those of the HX-12, the
5R-195 spparent sharpness is greater because -
normmal scanning lines are “filled in *

A good questio =



www.americanradiohistory.com

“full frame™ the display; that is, the monitors scanning is
adjusted so the actual comers of the display barely
touches the sides of the CRT, creating a complete
picture rectangle on the CRT with dark (no pictue)
areas at the top, botiom and sides. If you tum up the
monitors brightness or contrast controls, you will
actually see a complete rectangle on the CRT, right
down to the corners. (Try this on 8 modem Radio
Shack or BM monitor—you'll see why their displays are
uniformiy shamp from comer to comer.)

By keeping the color guns away from the
circumnference of the CRT, the focusing and overall
convergence error is reduced. And while the display
might be smailer in size than an overscan on the same
CRT, the overall definition is fugher.

By the way, the 200-line non-interlaced scanning is
how one form of “highlighting” is created. Imagine for a
moment a screen display of a word processing
document. The normal character intensity is produced
by scanning the characters for two fields per frame. For
“highlighting"—actually reduced intensity—the
highlighted characters are only scanned for one field.
Simple but effective.

Good but not great

While the lower-Cost computers—those usually
called “home and family"—use TV sets or composite-
video monitors for the computer’s display. the Dusiness
computers, aimost without exception, provide for the
so-Calied RGB monitor, even if they also have a
composite video output connection The problem with
using composite mMonitors with computers is that they
us¢ analog video signals. While they can do a good job
of creating computer dispiays, they are not the equal of
an RGB monitor whaose three color quns are controlled
indviduglly by the computer,

The RGB monitor

As shown in Figure 1—g block diagram of the RGB
high-performance, high-resolution Princeton $R-12
monitor—the computer outputs digital data for each
individual color gun alony with a digital signal
representing intersity A matrnix interpolates the digital
data into individual R, G, and B drive signals, which
produce B colors: black, green, red, blue, brown, cyan,
magenta and white. {There’s no error in the preceeding.
While RGB should produce yeliow, not brown, in a
high-performance monitor such as an IBM, a Quadram
HX-12, or a Princeton SR-12, the base color is brown,
and the intensity-modified brown is yellow)

VWhen the intensity bit is combined with the
computer’s RGB data in the monitor’s Color matrixing
circuit, the resultant colors are: dark grey (intensified
black), light blue, light green, light cyan, light red
{which is the only red provided by some monitors),
light magenta, yellow (a true yellow), and pure white (a
super white), Altogether, 16 colors.

Tiny dots

But whether the monitor 1s mono or coler, the
average monitor is still 200 Iines, 50 the apparent
sharpness is determined by the size of each dot, and

the smaller the dot, the sharcer the apparent image,

High-resolution menitors appear to be sharper than
conventional high-performance monitors because the
dot size is smaller. For example, the Quadram HX-12
and Pnnceton $R-12 have a 0.31mm dot compaed to
IBrs 0.4 3rmm dot size. Thus, the Quadram/Princetan
characters appear shamer than those of the IBM
monitex, Unfortunately, both Quadram and Pnnceton
stretch the screen display 1o make the characters larger
than they would appear when full-framed, which puts
some of the display into the comers of the CRT—the
last piace you would want a high-resolution display
because of reduced focus and convergence, and
diagonal stretch caused by even minimal
pincushicning.

400 llnes

Within the limits of moderate cost, there is only so
much reselution that can be attained from a
conventional high-performance monitor. For a further
increase in apiodrent resolution, we rust still fill in the
gaps in the display so the eve i tricked into believing
the display has more information than is actually there,
This is accomplished through a 400-line display

Since the computers nomal character and graphics
generators produce 200 lines per field, we obotain 400
lines by generating artificial lines of information. The
“extra” lines are positioned directly between the
normal scanning lines in the normal “interlace” (ocation,
The inherent “bloom” of each dot blends the lines
together, and the eye sees a continuous character

FIG.2—A DISPLAY as seen on Ihe screen of a Quaderam HX-12
640 x 200 high-pertiormance monitor Shows that though the
characters are "sharp as 8 tack” (for a color monitor) there s
an illusion of unsharpn#ss because of the space between the
scanning lines.

Figures ¢ and 3, photographs from two high-
performance, moderate-cost monitors, show how It's
done. Figure 2 is from a Quadram HX-12, one of the
highest performance 200-line monitors: By any
standards, it is sharp! Figure 3 1s the same dispiay from
the Princeton $K-12. Note that no scanning lines can be
seen. While the edges of the characters displayed on
the SR-12 are not as sharp as those of the HX-72, the
SR-19s apparent shampness is greater because the
normal scanning lines are "filled in.”

A good question at this point, is “How can the Sg-12
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FIG. 3—THE SAME DISPLAY from a Princeton SR12640 » 400
high-perfarmanc¢ monitor shows no spaces because an ad-
ditional 200 lines repeating the same dala has been inter-
leaved with the original 200 lines. White the edges of the
charatters are not 8s sharp as those on the 200-line monitor,
visually the display appears sharper and seems to have great-
er resolution bacause there are no spaces between the scan-
ning lines.

get sufficient time to scan two lines in the conventional
horizontal scanning period?” By using a device known
as @ scan doubler—A plug-in adapter board for IBM-
compatible computers {(see Fig. 4).

It works this way: The honzontal scan rate of the
SR-12 monitor runs at a nominal 31.4 kHz, which is
twice the conventional horizontal scanning rate of 15.7%
kHz. During the conventional horizontal scan period,
the SR-12 scans two lines. But the computer still puts
out its signal at 15.7% kHz: If fed directly to the SR-12,
the single-line display would be spread over two lines
and the screen wouid be a scramble of “garbage.”

That's where the scan doubler comes in. Instead of
the compuiter’s RGB signal being fed to the monitor it is
fed to the scan doubler, which contains two memory
banks and an output switcher. The computers first line

FIG. 4&—THE SCAN DOUBLER Is a special adapter board that
generates 400 lines of display from what I8 normally a 200-line
screen. The computer's normal signal Is fed into the lower
Jack instead of to a manltor. The synthesized 400-line display
exits at the top connector 1o the monitor.
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of data is stored n the scan doublers first memory
bark. When memory is full, its data is cutput twice to
the SR-12 at twice the nomal horizontal scanning
frequency, so two complete lines are scanned in the
same time penod of one standard scan; hence, the
computer’s first display line is scanned on two
sequentidl monitor lings—scan hne 1, and what we will
call scan line R1—for repeat line 1.

While the monitor is scanning line 1 and R1—each of
which corresponds to & single line of data from the
computer—the scan doubler’s second memory bank is
being filled by the computer with the second line of
data. When the monitor is finished scanning the first
line of data for the second time, the scan doubler
switches its output to Its second memory bank, which
provides the data for monitor lines 2 and R2.

As the scan doubler’s second memory bank is being
dumped into the monitor the first memory bank is
overwritten by the computer with the data for line 3
and R3,

By cortinuously switching its output between
memories T and €, the scan doubler creates a 400-line
monitor display from only 200 lines of data.

The visudl effect is spectacular The display has no
visible lines; it is continuous.

Yoodoo resolution

Nothing stands still. If equipment has reached the
stage beyond which there is no improvement in
performance, then someone will invent improvements.

For reasons we have mentioned €artier a business
computer display is more or less standardized at a
maximum of 640 dots X 200 lines in order to put
everything on the screen within the area of maximum
definition. Naturally, if it were possibie to fill each
complete horizontal line end-to-end, and if it were
possible to use the unused vertical iines at the top and
bottorn of the screen, theoretically, the screen would
resolve more dots. And that's precisely the assumption
being used to create the illusion of even greater
monitor resolution. Manufacturers are now starting to
include the “phantormn” data in the overall screen
specifications, and we get ¢laimed resolutions of 690
dots, 900 dots, 360 ines, 480 lines.

Yes, all that is possible, but not wath conventional
“business” computer equipment. Some specially-
designed graphics and “text” adapters are capable of
generating those seemingly unbelievable displays, but
their common use is somewhere down the road. We'll
cover them when they are generally avallable and cost-
effective. Meanwhile, keep those magic figures in mind:
640 x 200 and 320 x 200. For “medium resolution,”
multi-color displays, 8 320 X 200 resolution is
required. And though we ¢all that “medium® resolution,
it is actually high resolution for color, because the so-
called high resolution chsplay of 640 x 200 is used for
only two colors, which happens to be monochrome
(black-and-white is two colors, as Is any monochrome
display). Presenthy, within the constraints of moderate
costs, we cannot generate higher mutti-color resolution
than approximatety 320 x 200 lines uniess we
artificially create a 400-line display through the use of a
scan doubler O

WWWW.americanradiohistorv.comm
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TABLE 1

AD—Toreador
BO—wiliam Tell
CO—Haltelujah Cherus
DO—5Star Spangled Banner
E0—Yankee Dookle
Al—John Browns Body
B1—Clementine

C1—God Save the Queen
D1—Cglonel Bogey
E1—Marseilaise
A2—Amenca, America
B2—Deutschiand Leid
C2—Wedding March
D2—Beethovens 5th
E2—Augustine

A3—0 Solo Mio
B3—Santa Lucia
C3—The End

D3—Biue Danube
E3—Brahms Lullaby
Ad—Heli's Balls
B4—Jingle Belis

C4—La Ve en Rose
D4—Star Wars
Ea—Beethoven's th
Fi—Westrminster Chime
F2—Smple Chume
F3=Descending Octave Chime

How it works

As we can see from the ringer
schematic in Fig. 1, the heart of
circuit is IC1, General Instrument's
AY-3-1350 melody-synthesizer [C.
Since power consumption is ex-
tremely low in the standby mode,
the entire circuit can be powered
by a single 9-volt transistor-radio
type battery. IC2 is a TCM1512 tele-
phone ring detector IC that is
powered by the telephone line.

The circuit’s operation begins
when 1C2 senses a ring pulse on
the telephone line. The detector
{internally) rectifies the ring signal
and then outputs a voltage to relay
RY1 (a SPST reed-type relay with 5-
volt contacts), causing its contacts
to close. That pulls pin 12 (the o~/
ofr control) of ICT fow (logic “0”)
causing it to output a signal—the
selected tune—to transistor am-
plifier Q2. The amplified signal is
then fed to the speaker.

The melody continues to play ei-
ther until the tune is finished (at
which time IC1 returns to the
standby mode), or until someone
takes the phone off the hook. Tak-
ing the phone of the hook discon-
tinues the ring pulses to 1C2,
which opens RY1. When the relay
conmtacts open, pin 12 of IC1 goes
high, returning the circuit to the
standby mode to wait for the next
incoming phone call.

When connecting the circuit to
the telephone line, it's a good idea
to use a meter to distinguish the
positive side of the line from the
negative. That’s important for
proper operation. Pin 1 is the
positive (tip) input and pin 8 is the
negative (ring) input, as shown in
Fig. 1.

The desired tune is selected
using two double-pole, 6-position
switches, S1 and $2. Each tune is
assigned a letter/number com-
bination. To select a tune, dial the
switches to the combination that
corresponds to the tune desired as
shown in Table 1. For instance, if
the theme from Star Wars is desir-
ed, S1is dialed to “D" and 52, to
'4-”

All components are available
from a wide range of sources (in-
cluding Radio Shack). Potentiome-
ter R1 controls the pitch of each
note, while R2 is used to set the
speed at which the tune is played.
Therefore, each can be set to satis-
fy personal taste {which is what the
circuit is all about)—Jfohn P Key—
erleber
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RADIO-ELECTRONICS:
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DRAWING

BOARD

Understanding memory [C’s

THERE'S NO DOUBT THAT THE ELEC-
troni¢ superstar of the 1980' is the
computer. People are buying them
like umbrellas in a rainstorm,
whether they need them or not. In
what has to be the classic case of
consumer brainwashing, the pub-
lic has been convinced that the list
of life’s basic necessities now in-
cludes a 64K memory. Well, it just
ain’t so!

There’s a lot more to electronics
than just computers. Died in the
wool “hardware hackers” like you
and me should look at computers
the same way we lock at any other
piece of electronic equipment—as
“hardwired databooks.”

Understanding a few of the
techniques used in putting those
machines together can go a long
way in solving problems that show
up in our own designs. The nice

DATA (N O—“‘

part about dealing with computers
on that level is that you den’t have
to buy one. All you really need is a
good databook that describes
computer circuitry and explains its
operation.

Computers are heavily memory-
dependent machines, and plenty
of design time has gone into de-
veloping memory techniques that
are as efficient as possible. Memo-
ry can make your life on the bench
a lot easier as well, so it's definitely
worth the time to take a good look
at memory devices.

Computers use both ROM,
(Read-Only Memory) and RAM
{Random-Access AMemory). We’'ll
start with the RAM since it's a lot
maore fun to play around with your
own data. (We’ll talk about ROM in
a future discussion.)

RAM comes in two flavors—

r O DATA ouT

I INPUTfoUTPUT BURFER \

|

| u Sy
O - —
ADDRESSICRT ovy 1 controL "'-"GN_D
.,'i’},";‘ DE“:SSR MEMORY ARRAY P Broex FOR[W
ROWS |5 e e L OENM ABLE
o —J_‘
1 |

COLUMRM ADBBRESGY
DeEcoDbER AWD BUFFER

TIIITI]

ADDRESS Pina FoR COLUMNS

FIG. 1
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static and dynamic. The difference
between the two has to do with
how data is stored. Static RAM will
hold data as long as its powered
up, while dynamic RAM must be
refreshed every so often. But be-
fore we get into the details, take a
look at Fig. 1, a block diagram of a
typical static RAM.

Sl
{RoWDECODER SwITCH)

—

—0

CoLmyl
DECODER,

Bt

[ Nty

A

To1ja
KE } Block

Static RAM

There are three main parts to the
static RAM 1C: The memory-cell ar
ray; the address decoders, and the
input/output (1/0) block. The
heart of the device is the memory
array (a matrix of storage cells).
Each cell is capable of storing one
bit of data (elther a one or a zero).
The actual construction of the cell
depends on the logic being used,
but the basic idea is the same for
all families.

Figure 2 shows the basic storage
principle; two inverters are set up
as a simple laich with switches at
the outputs to control read and
write operations. The cells are ar-
ranged in a matrix. The number of
rows and columns in the matrix are
what determine the size of the
memaory.
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When you want to do something
to one cell, you put the addresson
the address bus, and the row and
column decoders are used to
close the switches surrounding
the cell you've selected. The thing
to note here is that as long as any
cell remains unselected, it's not
connected to anything; and what-
ever data you have there will stay
there.

The same operation that picks a
particular cell also connects it to

ing the data that's already stored
there.

Writing new data into memory is
just as simple; select the location,
set up the daia, and then flash a
write pulse to the IC. The "nuts
and bolts” of it is really no different
from writing to a home-made
latch. Since the two outputs of the
storage cell will always be op-
posite in sense (remember that it's
just a simple latch), a write opera-
tion is accomplished by grounding

Sl
GRow DECOTER)

;:::::no—o/’i—u——l

HG. 4

the column decode lines.

Figure 3 is a simplified represen-
tation of what happens. To keep
the design of the device as simple
as possible, the column lines are
used to carry the cell outputs to

the 170 logic in the IC, giving you
the option of reading or writing
data to that cell. Reading is simple
because merely selecting the cell
connects it to the /O block and
the data that's there to be read.
Of course, the data from that
cell has to be conditioned before it

can be used in the real world, FROM
since the inverters used in each SoLL
PECOVER

cell won't have enough punch.
That conditioning takes the form
of an amplifier called, naturally
enough, the sense amplifier. That
amplifier has a very high input-im-
pedance so it doesn’t load down
the cell and run the risk of glitch-

(To cuTPuT RUFFER

] SENSE
AMDLIFIER,

FIG. 3

the 170 block. Data is read off one
line, but both lines are needed to
write. |f you want to store a zero,
you ground the A line and for a
—l one, ground the e line.

DATA OUY

The I1/O block has a few other
jobs to do as well. It selects the
line that is to be grounded during a
' write, and it also has the circuitry
that controis the overall status of

ccnIJ?Rm_ the IC. How extensive the block is
depends on the particular memo-

ry you're using. Most RAM's have a

l cHIP ENABLE pin that will let the out-

DATA R|% puts be three-stated. Thatisimpor-

L tant if you have several memories
sharing the same data.
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What other kinds of "goodies”
you find in the 1/0 block depends
on the logic technology the mem-
ory is using. CMOS memories
have a low-power mode that lets
you “put the chip to sleep,” while
saving all data. Some of the memo-
ries we’ll be looking at need as
little as 1 pA (or less) to save data!
That should bring all sorts of bat-
tery-backup schemes to mind.
(You can be sure that we’ll getinto
that in some detail in a future dis-
cussion, but for now, let’s stick to
memories.)

Memories that are organized to
handle more than one bit ata time
{256 x 4, 512 x 8, etc.) have to
have a separate memory matrix for
each data line. A 256 X 4 memory
will be four arrays deep, and each
of them will have its own set of /O
circuits. When you get to the point
where you are stacking things
eight layers deep, the design is
getting really hairy and, as you
would expect, it shows up in the
price. That's why a2048 X 1memo-
ry is a lot cheaper than a 256 X 4.
The total storage is the same but
the complication of the internal
design is much greater.

Static RAM's are easy to use;
most modern designs are really
forgiving of the screw-ups that al-
ways manage to show up during
breadboarding. When you start
talking about dynamic RAM,
however, all notions of friend-
liness have to be thrown out the
window.

WWWW.americanradiohistorv.comm

Dynamic RAM

Because of the way a dynamic
RAM stores data, it can be a night-
mare to use: Instead of nice stable
inverters, it uses a single capaci-
tor...and nothing else! (See Fig. 4.)
Since the leakage time is usually
measured in microseconds, some
scheme is necessary to make sure
that the data stored in memory
stays put. That problem is solved is
by periodically rewriting the data
In each cell. That process, called
refresh, is handled by the sense
amplifier that’s connected to each
column.

When a row and column are se-
lected, the first thing the sense
amplifier does is to read the data
from each cell in the row and then
write it back in. Since only one
column is selected, only that cell
has its output channeled to the
data bus. Every read, then, re-
freshes the entire row. Modern
RAM has built-in circuitry to re-
fresh the entire |C during a read,
and a whole row can be refreshed
by just addressing it. However,
that doesn’t make refreshing any
better—ijust a little bit easier!

Many popular dynamic RAM's
use the same pin for both row and
column addressing. Two control
pins—the row and column
strobes—are used to tell the RAM
which addresses are on the bus.
It’s still up to us, however, to make
sure that the right stuff is at the
right place at the right time.

Figure 5 is a block diagram of a
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dynamic RAM and if you study it
you’'ll be able to see how its pins
relate to each other. Keep in mind
that there's plenty of detail in the
IC that has not been drawn in. If
you're morbid enough to want to
get into the anatomy of a dynamic
RAM, you can find a complete di-
agram in any good databook. (You
might also drop me a line and give
me your reason.)

The question that should come
to mind at this time, however, is:
why in the world would anybody
decide to use dynamic, rather than
static, RAM? The answer is sim-
ple—it makes more economic
sense: Because the cells are small-
er, you can stuff more of them into
the same size |C. That means that
more memory is available for a lot
less money.

By now you probably know
more than you ever wanted to
know about what goes on inside
RAM...and believe me when [ tell
you that there's a ot more we
could talk about. But, being prac-
tical minded, let’s end the whole
discussion here. After all, what
we're interested in is not so much
how those things work, but how
we can use them.

Over the next few months we’ll
see how memory IC’s can cut
“brain-blasting” circuit hassles
down to nothing, and we’ll also
design some circuits that you can
adapt for your own purposes.
You’ll find that memories are good
for a lot more than just remember-
ing! And if you want to use huge
amounts of memory, we'll design
refresh circuitry that can not only
handle any amount of memory
you want, but is completely trans-
parent as well.

So that you can get ready for it,
let me remind you of a short coroll-
ary to Grossblatt's 18th rule: Get it
in writing. In other words, pick up
a databook containing the specifi-
cations for both staticand dynamic
RAM. The timing diagrams are in-
valuable design aids and are sure
to prove their worth since there
won't be room to print them in the
column. You'll find that having
well-drawn timing diagrams in
front of you as you're working is
the only known cure for the drea-
ded memory disease known as
“electronic amnesia” or, more
technically, "silicon senility.” R-E
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SOLID STATE

High power FET’s

UNTIL A FEW YEARS AGO, FET'S COULD
handle only about 1 watt and,
therefore, could not compete with
SCR's or bipolar power devices.
That's because, as shown in Fig. 1,
the planar technology used has
the drain, gate, and source on the
top surface of the die.

GATE +V,

DRAIN + ¥y,

DEPLETHDN
AEGION

L]
M CHANMEL
{CUARENT PATH}

L PSURSTRATE
AND BDDY
SOUALCE
FIG. 1

High-power devices require rel-
atively large metalized terminals to
handle the high drain and source
currents. Therefore, for increased
power-handling capacity, the die
size must be increased. Unfor-
tunately, increasing the size results
in high inter-electrode capaci-
tances that severely limit the high-
frequency response of the device.
Further, the high current traveling
through the narrow lateral channel
develops a significant voltage drop
(producing a correspondingly
high on resistance).

However, about seven or eight
years ago, a new technology
aimed at increasing the current
density of the MOSFET was de-

veloped. In that structure (dubbed
VMOS), the gate and source are
side-by-side on the top surface of
the die, while the drain is on the
bottom.

Impurities are added (by a pro-
cess Called doping) to an epitaxial
(single crystal) layer of silicon to
promote vertical current flow. In
addition, some versions of the
VMOS device have a V-shaped
notch etched through the source
and channel regions to enhance
vertical current flow.

Enter TMOS

The TMOS name identifies the
technology of Motorola’s vertical-
channel MOSFET's. Its structure is
illustrated in Fig. 2. The unique
TMOS design, with thousands of
"source” sites connected in paral-
lel on a single die, makes possible
a very short vertical channel that
carries heavy currents, but still has
a low on-state voltage drop. A
polysilicon gate material enhances
switching speed, while an oxide

SILICON

GATE SOURCE

SOURCE SITE METALIZATION

INSULATING
DXIDE. S:0,

DRAIN
METALIZATIONM

LAYER
N.EMTAXIAL
FIG. 2

M-SUBSTRATE
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ROBERT F. SCOTT,
SEMICONDUCTOR EDITOR
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layer electrically isolates the gate
from the source.

The input resistance of TMOQOS
devices is extremely high—109
ohms—resulting in a leakage cur-
rent of only a few nanoamperes.
Source-to-drain current is con-
trolied by applying a positive volt-
age to the gate that’s just slightly
higher than the gate-to-source
threshold voltage, Vg, The
graph in Fig. 3 shows the transfer
characteristics for Motorola’'s
MTMSN35/40 devices, which is
typical of N-channel, enhance-
ment-mode FET's.

The extremely high input-im-
pedance and the relatively low
gate-drive voltage requirement
make the TMOS ideally suited for
control of high-power directly
from low-level CMOS and TTL log-
ic circuits, if enough current is
supplied to charge the input ca-
pacitance, C,..

The TMOS FET has inter-elec-
trode capacitances—gate-to-drain
(C,.4); drain-to-source (C,), and
gate-to-source (C_J)—similar to
those of a triode vacuum tube. The
input capacitance is C,, = Cpy +
Cg,: output capacitance, C,, =
Cha + Cqyq; and the reverse trans-
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fer capacitance, C,,, = C_ . Figure
4 shows the relationship between
those capacitances, which are a
function of the drain voltage.

The input capacitance of a
MOSFET is important and must be
consldered in circuit design. On a
transient basis, gate current flows
to charge C;,, before the gate gains
control over drain current. The
driving (or generator) impedance,
Reens and C,,, affect the switching
speed. The lower R, the faster
the switching speed.

For additional information on
TMOS technology and device
characteristics, refer to Motorola’s
20-page Power MOSFET Selector

Guide and Cross-Reference
(5G56, Rev. 5). Request your copy
from Motorola Semiconductor
Products, PO Box 20912, Phoenix,
AZ 85036.

RCA Solid-state product guide

The Solid-State Devices Product
Guide is a new 56-page publica-
tion covering basic descriptions of
RCA’s extensive product line of
solid-state devices. It includes
power MOSFET transistors and ul-
tra-fast recovery rectifiers (two
new additions to RCA's family of
semiconductors).

Other selections include bi-
polar power-transistors, thy-
ristors, IR emitters, injection
lasers, linear and digital logic 1C’s,
microprocessors, and numerous
other devices. The guide sum-
marizes the devices in €ach prod-
uct category and highlights their
pertinent features and applica-
tions.

Single copies of the Solid-State
Devices Product Guide (No.
SPG-201M) are available from RCA
distributors and from RCA, Solid

State Div., Route 202, Somerville,
N| 08876 or by calling toll-free
number (800) 526-2177 .

Low bias-current op-amps

The 1346 and 1347 are two new
high-performance op-amp [C’s
that combine JFET and bipolar
technologies with dielectric isola-
lion to provide superior AC and
DC characteristics. Their 2-MHz,
unity-gain bandwidth and 7 Vips
slew rate make them ideal for such
applications as high-impedance,
high-performance buffers, preci-
sion track/hold amplifiers, and
long-term precision integrators.

Available in TO-99 packages, the
1346 and 1347 are specified over a
temperature range of 0°C to
+ 75°C, while the 1346-01 and 1347-
01 are specified for the —55°C to
+125°C temperature range. Each
unit features = 250 mA bias cur-
rent, + 0.5 millivolt maximum off-
set, 2us settling to + 0.1%, and 300
millivolt maximum power con-
sumption.—Teledyne Philbrick, Mi-
crocircuits, Allied Drive at Route
128, Dedham, MA 02026. R-E

Copies of articles from this

publication are now available from
the UMI Article Clearinghouse.

For more information about the

Clearinghouse, please fill out and mail back
the coupon below.

Article
Clearmnghouse

Yes! | would like to know more about UMI Article Cleannghouse,

1 am interested in electronic ordering through the following systernts):
O DIALOG/Dialorder CITT Daalcom

O OnTyme {1 OCLL TLL Subsystem
[ Other tplease specify} .

O [ am interested in sending my order by mail.

O Please send me your current catalog and user instructions for the
systemis) [ checked above.

MName.
Title.

Instiiutson: C

Department
Addr
City
Phonel____}

Mail to: University Microfilms International
300 North Zeeb Road. Box 91  Ann Arbor, M| 48106

State Zip.
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Servicing electronic test equipment

EVERY NOW AND THEN, WE ALL FEEL THE
need to check up on some of our
test equipment. (Nagging doubts
about the accuracy of test instru-
ments are bound to crop up ever
so often.) Contrary to what you've
been led to believe, verifying the
accuracy of test instruments is
really a simple task—although that
can’t always be said for repairing
them.

Perhaps the easiest measuring
devices to check and repair are
VOM'’s (volt-ohmmeters) and
DVMm's {digital voltmeters)—the
most basic and widely use test in-
struments in any collectlon. Once
you know that your basic instru-
ments are working accurately, you
can go a long way in repairing
other equipment as well, so let’s
start there.

Meter repair

There are several ways to verify
voltmeter accuracy. The quickest is
with a known voltage source {bat-
teries). A new battery, even the
common Leclanche {dry cell), has
a relatively stable voltage—close
to 1.56 volts—if it hasn't been
used. A mercury cell is a better
voltage source in test procedures
where a reference is needed; it
will hold its open-circuit voltage
for an amazingly long time. Vari-
ous voltages are available in mer-
cury cells, so check to make sure
that you're getting exactly what
you want.

Let’s assume that we are using a
standard dry cell, whose voltage is
usually around1.56 volts. In check-
iNg your meter's accuracy, set it to
the voltage range and apply the
dry-cell voltage directly to the
meter's input. If the meter indica-

F1G. 1

tion agrees with the reference
(1.56V), then it's a safe bet that
range is OK! If not, then you’'ll
have to find the voltage-divider
network, locate the resistor that’s
causing the problem, and replace
It.

A word of warning: The resistive
elements in a meter are wire-
wound, precision types—so re-
placements should be the exact
values specified. Also, the re-
sistors called for are usually not
standard values; that can be han-
dled by paralleling several re-
sistors to obtain the value needed.

You can also check the higher
meter ranges to make sure that the
resistors in the voltage-divider
network have not changed in val-
ue. To check higher ranges, re-
move the back of the meter and
locate the divider network, using
the schematic of your unit,
Change the meter setting to the
next higher range and apply the
reference voltage to the point that
corresponds to the input of to that
range.

If your unit is a DVM, the read-

WWwWw americanradiohistorvy comm

JACK DARR,
SERVICE EDITOR

ing will be about .156, because of
its 10 x ratio. Analog meters, on
the other hand, may show a
slightly reduced voltage. However,
a difference of a few microvolts in
both cases is OK.

tn checking the resistance
ranges, set the switch to chms and
check the swing of the needle to
see that it travels all the way over
past zero and then swings back
freely. If it sticks anywhere, look
out; you've got a problem!’

One thing that makes the nee-
dle stick is “foreign matter,” a
small piece of iron, for example,
lodged in the small gap between
the coil and the core. Such objects
physically impair the swing of the
needle, or block it by getting
caught up In the field around the
movement’s magnetic core. Care-
fully take the face plate off the
meter and look inside the gap with
a jeweler’s loupe or strong magni-
fying glass.

The chances are you will be able
to spot the obstruction. If so, take
a small piece of tape, and carefully
slip it into the gap; you should be
able to catch particles on the sticky
side. Caution: Never use a high-
pressure air hose to remove tiny
particles around the movement. A
high-pressure air hose will scatter
parts all over the bench and the
meter will never be the same.

Signal-generator repair

Signal generators are probably
the easiest instruments to check
(and the hardest to fix). To check
them, all you need is a radio! Sim-
ply zero-beat the signal generator
with a broadcast station’s carrier:
Connect the signal generator to
the receiver's antenna terminals
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and set the unit's attenuator to a
low output. Tune the receiver to a
station of known frequency.

Now vary the generator fre-
quency in the direction of the sta-
tions carrier frequency. You
should hear a descending or as-
cending tone, depending on
whether you're headed toward or
away from the carrier frequency.
As the generator frequency nears
that of the carrier, the tone will
fade and, at some point, com-
pletely disappear. The tolerance of
the calibration should be held to
within =5 cycles of the assigned
carrier frequency. {I've had to
wrestle with a few that wouldn't
reach that tolerance.)

If you can get your hands on a
communication-type receiver, you
can check several other things. By
tuning to the fundamental fre-
quency, you can use the second
harmonic, 1250 kHz, 2950 kHz, and
50 on, to get a more accurate in-
dication.

Similarly, a TV station’s video
carrier may be used. Here the ob-
ject is to set the generator for the
lowest number of “bars” on the
screen. Simply follow the same
hookup procedure used with the
radio receiver, and watch the
number of bars on the screen.
when you reach the point where
the least number of bars are
shown, you're right on the sta-
tion's frequency.

Often, signal generatoss {like
the one in Fig. 1) have a built-in
crystal, sometimes on 4.5 MHz,
etc, which can be used for check-
ing. Others have 1,000 kHz (1.0

MHz) crystals, which can be used

by checking for “birdies” every 1.0
MHz. If a signal generator is badly
off, (which seldom happens) you
can reset it. Look in the owner's
manual for the location of the trim-
mer capacitors for the different
bands.

You can also tune in WWYV (the
standard time and frequency sta-
tion) on 2.5, 5.0, 10.0, and 15.D
MHz. For audio checks, the tone
modulation is the standard 440Hz,
which can be very handy. Follow
the calibration procedure to the
letter, especially the adjustment
sequence. Doing so will make the
job a breeze.

In addition, lower frequencies
can be checked using harmonics.

For example, you can check 1.25
MHz (1250 kHz) by beating its sec-
ond harmonic against 2.5 MHz
from WWYV, or some other source.

Oscilloscope repair
Oscilliscopes can be checked
using a squarewave audio signal.
That is done by feeding the
squarewave signal to the input of
the vertical amplifiers, and watch-
ing the display for signs of round-
ing corners, or any other distor-
tion. If the display shows a good
clean squarewave, those stages
are ail OK. But if they're not, the
trouble is most likely in the coup-
ling capacitors! | speak with the
voice of experience. {I've fixed
many old scopes in the past.) R-E

SERVICE
QUESTIONS

INTERMITTENT STARTING

’ve got an RCA CTC 68 thal’s giv-
ing me the fits. Sometimes it starts,
sometimes it doesn’t. When it fails to
start, | hear a squeal, and then the
circuit breaker trips. V've changed
the hwo SCR’s and diodes CR401 and
CR402—CM., Franklyn, KY

The solder connections under
T401, 402, and 405, especially T405,
have been known to give a great
deal of intermittent problems. |
would also not overlook the pos-
sibility of an intermittently open
filter capacitor.

HOT SET

On a GE 10HD chassis, | have bot-
tom foldover and poor linearity. The
vertical tube and the linearity con-
trol both run too hot. The oscitiator
grid reads — 25 volts instead of the
— 35 volts | should have.—R.D.,
Greenville, SC

| would be more interested in
the reading on the output grid. If
that is too low, the output section
of the twin-triode tube will draw
too heavily, accounting for all that
heat. My first suspect would have
to be the coupling capacitor, C203,
followed by the grid return re-
sistors. R-E
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EQUIPMENT REPORTS
continued from page 81

of 1 megohm, circuit loading
should be minimal in most cases.
The DM-10 is protected against ex-
cessive voltage to 500 volts DC and
350 volts AC on the 200 mV range.
On the higher ranges, the protec-
tion ratings are twice those fig-
ures.

The AC voltage accuracy specifi-
cation is +1.2%, +1digit. The in-
put impedance is 450 kilohms in
the AC-volts mode, and the meter
is protected up to 500 volts AC or
DC.

The accuracy specifications for
the resistance mode should also
please any hobbyist: + 1%, +3
digits is the worst-case specifica-
tion. The open-circuit voltage is
less than that needed tO turn on a
semiconductor junction, so you
can make some in-circuit mea-
surements without sacrificing ac:
curacy.

The accuracy of the meter in the
DC current mode is *1.2%, +1

ELECTRONIC
COMPONENTS

MANUFACTURERS OF QUALITY
ELECTRONIC COMPONENTS
+ LATIARY CLIPL & WOLDIRI
s CALLL 1IFL « COMMICTORS » CAPACITOLS
= DIFPLAYL » $IDs » Pusll » JACK] L PLUGE
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« RF £OIk1 » NALAYS » RELISTORE
« EWITEMALE & SAMICOMDUCTOLE » IPLAKIRT
* TIRT AQUIFMIMI « THAMIFORMIRS = 1DOLI
« WIRD & CALLI
OVYEL 13,000 DIFFERENT ITEMm3 tM S3TOCK]

/

Get this
catalog

to SAVE
MONEY!

Quality Crystals Available for
Communications  Industry
Marine VHF Scanners
Amateur Bands CB Standard
Microprocessor CB Specials
“Just One or Hundreds™

Our low prices result from mod-
ern equipment and technology,
efficient trained employees, and
low sales costs. Call us.

JAN CRYSTALS

digit. Overload protection is
provided by a 800-mA, 250-volt
fuse in that mode, and the voltage
burden is 325 mV.

The final mode of the DM-170 is
its diode-test mode, which lets
you quickly test semiconductor
p-n junctions. The maximum
open-circuit voltage is 3.2 volts,
and the maximum current is 1.2
mA—just enough to dimly light a
standard LED.

Beckman DM10

OVERALL
PRICE

EASE |
OF USE

INSTRUCTION
MANUAL

PRICE
AMLUE

6|718}

o

112
o P

The manual

The manual. we received with
the DM19 was not what we'd nor-
mally expect from Beckman.
While that manual did contain ac-
ceptable operating instructions
and a specifications sheet, it did
not have any calibration instruc.
tions, parts list, or Circuit sche-
matic. In fairness, we should point
out thatour manual was onlya pre-
liminary copy. We hope that the
finished manual is much more in-
formative.

The DM10 may not have all the
features you want: It does not in-
clude an audible continuity
beeper, a high-current range, a tilt
stand, or autoranging, for exam-
ple. However, even without those
features, it is a good, basic meter
for most hobbyists. The meter
should also be at home in a techni-
cians toolbox—its small size
makes it ideal for field work. Per-
haps the best feature of the DM10,
however, is its price, which Is just
$39.95. Beckman was abie to keep
the price down by not including
the "extra” features that we men-

e : Y " P.O. Box 06017 ,
g Opan o £ 00e o 4T E.:.: :.:5:.‘- Ft. Myers. FL 33906 tioned. They also kept manufac-
e R Aol ol " Call (813) 836-2387 turing costs down: Most of the
105 A ity bradeble . o i L g
£ circuitry is contained on a VLSI
= il - analog-to-digital converter chip,
TR 11431 WOODSIDE ave NTEE — E and al! of the circuitry—inctuding
g PHONE {619) 3192222 TWX 910- 331~ 1178 I I e the switch conlacts—is contained
< on a single PC board. R-E
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VISA ard /T order S {503) 626-6764

NICAD batteries, G.E. Gold Top premium calls 250
MAH for 1COM Handie-Talk:a, cordiess phones.
mamory-backup. radio conirol. elc., $1.00 aa Oata
cassette recorders with plugs lor viC-20 and C-64
computers 535 00 aa. Balley homae computer moth-
er boards 51500 E. YOST & CO., RR.#1, Box
#37, Sauk City. Wi 53583,

3,000 tsrg: color TV repalrs, 31 brands. 116 pages.
Send .00, TONY FEANANDEZ, Box 54-6110.
Suriside, FL 33154,

'I'APEﬁ—Wa e cheaper! Ampscox“Soolch 2400717
ree’s, first quality. used once. $0.79 ea -l-s:;;n'
COMPUTER PARTS MART, 3200 Park Blwd, Pﬁo
AlO, CA 34306. (415) 493-5930.

“SATELLITE descramblers"—owes| pricas any-
wherel Deater Ines welcome. Send 53.00 for
catal We ship C.0.05, STARVIEW INC., PO
Box 103. Rextord, NY 12148, (518) 785-1288.

CABLE-TV producls. Jerrold, Hamiir, and Qak
converlars. Send 53.00 for intormaton. ADDI-
TIONAL OUTLET CORP.. 1041 W. Commercial
Bivd., Ft. Lavdecdalg, FL 33309,

TOKO colig and Brinted Clrcuits. Tuantity dig-
counls. JIM AHODES, INC., 1025 Ransome Lane,
Kingsport, TN 37660.

AUTOMOUTIVE AM FM siereos 349 95 up 40
socket set. Iifetime manrg $39.95. Free cal Bk_)rg<
NEPTUNES CAVE. Box 7, Fort Worlh,
761240837,

F

SURPLUS 1851 equipment, oscilloscopes. BaK,
Leader. HP. Tektronix. calalog $2.00. ROTARY
CONVERTER SPECIALISTS, Box 1382, Wash-
ington, DC 20013

ALPHANUMERIC vacuum Buorasceni display
Model 5G20. InCludes all iming. rafrash and
character genaration circuitry, TTLICMOS -
ble. Sera and parallel poﬂszC power, $85.00
singie %l;al"lli!y Free manual. TOMANTRON, INC..
17942 50. 661h Avenue. Tinley Park, IL 60477,

CONVERT videotapes. PAL - SECAM - NTSC
{overseas). 110-220 Audio, VCR. 18levisions, Canon
copying machines, discounted. APPLE AUDIO,
74-18, 371h Avenue. Queens, NY 11372, (718)
507-5800.

UHF descramblers. Gated, sinewave, Zenith,
Low priceal 5SAV11-5168.00. Caislog 51.00.
Dealcrs wanted! Visa Masiercard., AIS SATEL-
LITE, Box 1226-S, Dublin, PA 18917, [215)
249-9411.

ALITY mCROWAVE TV SYSTEM
COMPLEYE SYSTEM ram

o) 9899584
- LRI Ol plipnage
0 Duy Worremins
= SPECIAL OUANTITY PRICBS WAMTED-C 0. s —

ACE RECEPTION z1ass3.3201

g{/‘mlum. Ads set with back-ground screen st

Ihiz page.

unitiea

snted

Plsns.Kita [ } Business O
Educatior/instruction {=d

CLASSIFIED RATES
15 word ms'%mo'ﬁm:ﬁ 52.50 per word commercial, minimum $37.50. 52.00 per word personal,

d type ad, 53.75 g;

"+ $540.00; 37 x 2Ve" - $810.00. General Informaton Irequency rates and prepayment discounts are
avatlable. Paymant must accompany order Copy subject 10 publishers approval. Musi be typewntien or
prin|ed, Only first word and name sel In bold caps. Additonal bold face (not availabie as all caps) at 25¢
gr word. Adverlisers using P.0. Boxes musi supply permanent address and telephone numbers.

dars are not acknowledged. They willl appear I ihe nexi available issue aiier receipt. Copy to be i our
hands on 1he 20th of the third month preceding thae data of ihe ssue {i.e August 1ssue closed May 201h.
When normal ciosing date falis on Saturday, Sunday
Send order and remitiance 10 Classified Adveriising Radio-Electronics, 200
South,New York. New York 10003, For your convenience s simplifiad order {orm |8 provided cn

ORDER FORM
PLEASE IMNDICATE in which Calegory ol classilied advertising you wish your ad 16 sppear. For
special headings, there |s 8 surcharge of $20.00

{ ) Satelite Television

o & holiday

word, Ads set In all bold-face type al 20%
premium, Diaplay adg 1" =« 2va"- 5270.00; 2" x

15508 closes on preceding working day
ark Avenud

{ ) For Sale

{ ) Special Category: 520.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.

South, New York, NY 10603,

1 2 3 £ 5
[ 7 B 9 10
1 a2 13 14 15
16 17 18 19 20
2 n 23 24 25
26 27 28 29 o
i 32 K M 35

MAIL OADER WITH CHECK TO® Radio-Electronics Classified Ad Depariment, 200 Park Avenue

WwWww americanradiohistory comm
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RADIO-ELECTRONICS

"y
L=J

FINEST
QuALITY

SOLDER

£7.95 FREE Froight On
8. Al Orders
g (035 P08 Dur 325
sw.i.ﬁ;?l 9,95 $250 per orde
22 s (02 58,05 Sarwrum order $10.

24w} {02 $7.85
SN 62 (2% Silven .o pact pouna of soider

Rosin Core ® Chak B brwy O @ VISA

21 s O3V M10.85 . rae II-“-
ety s T

- Call TOLL FREE
@m'\ AL@I_ 5 A00-845-4808

EXutil o ]

CIRCUIT boards® Your artwork, guick delivery, ma-
sonabte, ATLAS CIRCUITS. Dgg A, POBox B892,
LJnootntcm NC 28092. (704) 735394

ELECTRONIC catalog. Over 4 500 flems, Parts &
components. E NG needed by Ine hebbyisl or
technician, $2.00 postage & handllng (Unhed
Stales only}, refundable with Lirst $15.00 order. T &
M ELECTROHNICS. 472 East Main Streel,
Patchogue. NY 11772, {516) 289-2520.

OPTICAL character reader input an

CABLE and Subscription TV sacrel manual. Buikd
your own descramblers, converters—HBO. Show-
time, Movle Channel, UHF. Laiest iheory. sche-
matics, Instructions, suppliers list Send $8.95 to:
gOJ\BBLETROI'ﬂCS. Box 30502, Bethesda, MD

14

CANADIANS. Pay-TV and satelite descramblers
and fats for all aras Send $1.00 for deads 10 ET.
ELECTRONICS, Box 2126, Niagara Falls, NY

14302

SPACE age Spawned aso!ine additives, Free

booklet and sample—s$ handlrrg Dwealers In-
vited. MIDWEST LABORATORIES. Rt 1. Box 278,
Sumimarville. QR 97876.

| e mesT macE o wur, sEL o
TRADE MNEW axd SED FLUAPHENT
NUTS & vOLTS MAGATZINE
BOX IVFEE * FLACENTWA, CA Y2470
) s)2-1T2R
jomn T d1 of Aascurs N
Eriry Month
ONE YEAR US. SUBSCAIPTIONS |
S18.00 . by Chinm *+ $15.00 - |x Clom

AUTOMOTIVE Securlty Catalog. 1984, 24-page
color calakyg, $2.00. ASE. Dept 1, PO Box 352,
Plainvow, NY 11803

Construction cost $75.00. Plans $29. 5 50 pa%e
catalog $3.00. DBE. Box G. Wailuki HI 96815, M
VISA Drciers (808) 295-7458.

CABLE-TV converters, polics radar detectors and
scanners Send $1.00 for catalog, GREAT LAKES
COMMUHNICATIONS,INC., 0-2026 Chicago Dr
Jeryson, M| 4942‘8

IMPORTS—ca: slereos., boosters, speakerss. tools
much, much more! List $1.00. JRC, 328-76in. N
Bergen. NJ 07047

CORDLESS-phone ownaers. Increase dislance, re-

duce stalic on 1.7/49MHz phones. Detais S1.00

Bmgggdabte. HP PHONES, Box 273, Mesa. AZ
1.

COCO owners—Free color computer software and
hardware calalogue. SPECTRUM, Box 9865, San
Jose, CA 95157-0866.

HOIVIDUAL photofact folders No. 1 1o no. 1400,
$3.00 posipad. LBT, 414 Chestnut Lane. Easl
Meadow. 11564,

WRITE FOR

.McGE E'S
S‘PEAJ(EE & ELECTRONICS CATALOG

1004 BARGAINS IN SPEAKERS
Tei: { (815)  $42 5092
4904 MCGEE STREET KANSAS CITY. MO. 44408

DESCRAMBLERS lor downconveriers. High gain
Send 52.00. RB ELECTRONICS, PO Box 543, Ka-
{amazoo. Ml 49005

CABLE- TV converters. Zenith. Schentthc Atlanta.
Jerrold, Oak. others available. Fast service.
UNITED ELECTRONICS SUPPLY. PO Box 1206,
Ekgin. IL 60121, (2] £537-0600.

TOKO coll set {four) $8 00. BFQB5 subsiitute
transisior $2.00. JIM AHODES, INC., 1025 Ran-
some Lane, Kingsport. TN 37660

TRANS AM ELECTRONICS monthly special’ Teo
lgFt display with drivers—52.95. Watch lor our ads.
modulator $9.95—has audio and wides putput.
383 Csnal Sireet. New York, NY 10013, (212)
226-3893.

TECNICA 140 channel cable converter fully remote
sound and vided unit onty $149.00. Jarrold LCCS8
converler Onty 579.00, Jerrold DRZ450 converter
90 channel autd luning onty $89.00. All unds carry
full manutacturers warranty, Specials while they last
For catalog send $3 00. Thanks. REDCOAT ELEC-
TRONICS, 104-20 68th Dnve, Forest Hills. NY
11375. {212) 459-5088.

LASERS, Siemens LGR7630. new $59.00. Amaz-
ing selechon of opta-elecironics. motion control
st .DC & AC, servo, inéar motors) et Serd

.E. for free catalog. COMPUTER PARTS
MART. 3200 Park Bhed. Palo Allo, CA 94306, {415)
493-5930.

WM. B. ALLEN’S HICKOK

Lhe valuw |nnuviio

START A NEW YEAR WITH GREATER SAVINGS ON TEST EQUIPMENT!
WM. B. ALLEN HAS THE FULL HICKOK LINE — IN STOCK & READY FOR SHIPMENT NOW

SELL-A-BRATION

LX-306 DMM
PIED PIPER

SAVE $35
$120

HAND-MELD WITH VARI-PITCH
Full Funceon, Yanabie. Axidn Tone = 3¥W
Oagnl = D25%% accwiscy * 104 Aangs
ACDC » Dwcrmat + guto O = Deoce Tarf =
Owiniggd  Prodecion Wik Set-Rayeiting
(= -F 1]

#Y Battery & Carrying Cans included

MX-333 DMM
VARI-PITCH » LOGI-TRAK

SAVE $70
$220

WORLD'S FASTEST TROUBLESHOOTER

AR Aol ViosOw Rerporas Wh Exchiaeer

VARLPTICM " Fayt LOGHTRAK (§ nac Comben LOg<

probe B ormene i Ond = vy Digt LCD = ©1% As-

Cwriey = Ay O+ Decwma) = PopnTy = Bk Rangs = v

&m Owifigge] Prolecton = Mandgtuld, On Bl o
1F

Inciudes BV Battery and Probel

NEW! 115 PLP
POWER LINE PROBE

SAVE 510
$199

“REAL woRLD™
POWER LUINE PROBER
] Pownt Ling Py =
[ N Alant,
Far Hign B Low W Yotugr Drogs.
Promrpr Fallymps of Haph £ racpupacy
+ 120 = BONT = Fapkd Adnoyiebie

COMPLETE INYENTORY FROM 18 TEST EQUIPMENT MANUFACTURERS — PLUS OYER 70.000 ITEMS FROM 350 MANUFACTURERS OF
ELECTRONIC PARTS & SUPPLIES. WM. B. ALLEM IS ALSO A FULL SYSTEMS HOUSE . OPEN SATURDAYS UNTIL 1:00 P.M.

WM. B. ALLEN SUPPLY COMPANY

ALLEN SQUARE

300 BLOCK NORTH RAMPART, NEW ORLEANS, LA 70112

800 535-9593

LOUISIANA 800 462-9520

CIRCLE 103 OM FREE INFORMATION CARD
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ST0P DREAMING
START BUILDING

HANDY MAKES
Build anything from

project you want the fast, easy, fun way. Use HANDY

solderlessbreadbo

expand yourideas.
SATISFACTION GUARANTEED

OR YOUR

JUST LOOK AT THESE SOCKET FEATURES. ..

® Full contact labeling — sIimplifies component layouts

e New durable clip design assures reliable, low resist-
ance, corrosion-free interconnections

e High temp plastic — no warping or melting...everl|

® Self-adhesive backing — mounts anywhere

® Big 9 14-pin IC capacity per socket

° Expnnds horizontally and vertically

IT EASY!

computers to LED flashers ... any

ards tebuild, test, modify and

MONEY BACK!

‘MB-0100. 1 Buss Sirip.
100 fie points. Compares
at33.001

$225

HB-1110. 1 Socket Strip.
/ 1 Buss Strip. Ground plate.
/ 740 tie points 9 14-pin
1C capacity. Compares at
ol ;_L-,#

$15.501
$1195

HB-1000. 1 Socke! Strip.
640 tie points. 9 14-pin
IC capacity. Compares at
$12.501

$995

HB-4714. 4 Sockel Strips. =———

fmm——————————HB-1210. 1 Socket Strip.
i 2 Buss Strips. Ground plale.

840 tie poinis. 9 14-pin
|C capaclty. Compares al

7 Buss Strips. 4 Binding
Posts. 3260 tie points.
36 14-pin |C capacity.
Compares at $69.001

36395

HB-2312. 2 Socket Strips.
3 Buss Strips. 3 Binding
Posts. 1580 tie poinis.

18 14-pin |C capacity.
Compares at $51.501

$3100

HB-2112. 2 Sockel Stnps-..___;_

1 Buss Strip. 2 Binding
Posts. 1380 tie points
18 14-pin |C capacity.

$2495

Avatlable at Selected Distributors throughoutthe USA and Canada
HANDY PRICES ARE UP TO 25% LESS THAN COMPETITORS!

a division of RSP Electronics Corp.
and 7 Business Park Drive = P.0. Box 699 » Branford, CT 06405
‘ 5 Telephone: (203) 48B-6603 :

TWX: (910) 997-0648

$18.501
$1 395

B-3514. 3Socket Strips.
5 Buss Strips. 4 Binding
Posls. 2420 e points.

27 14-pin IC capacity.
Compares at $66.001

34795

Clear, oaay-to-read and identify
contact markings simplity
layout, wiring and
decumentation.

SEND FOR
FREE
Colorful

Brochure!

FOR LESS!

ORDER TOLL FREE
1-800-34-HANDY

charge with ¥ISA ne

MasietCard Alluems
att-1he. sholttor
Immpediate Shipmaent!

s

CompuServe: 71346, 1070
Easy Link Maii Box: 62537580

CIRCLE 71 ON FREE INFORMATION CARD

ConneCticul Rasidents; Add 7 5% Sales Tax

WwWww americanradiohistorv comm

Maii Ordderas Plensa ndct $3 (Canada & ini'1 medd §5) tor atipping thanding.
CharQeCarde: (Min $15). Please incude Accl No.. Eap, Dala 5nd yout $1g-
natwre Chatks: drawn in U3, Dollars on U.S. banks only. €.0.0.'s sotepied
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SATELLITE TV VIEWERS
Get the Most comDiete weekly ISLings
Send $1 fot ssmple copy.

P.0O. Box 308E, Fortuna. California 95540
G00-3SE-9997 (U.5.)) « §00.- 5545707 (Call.}
TO7.125-3476 (a)l sdhars)

SATELLITE TELEVISION

SATELLITE-TV receiver breakthrough! Bulld
your own #yalern and save! Instrucilon man.
vals, schematlcs, clrcuit boardst Send stamped
envelope: XANDI, Box 25647, Dept. 21H, Tempe.
AZ 85282,

MULTI channal microwave aniennas, highest
quality, low rnce . dealers weicome. D.T. compact
$3800, PT- $46.00. SR $65 00, 0.T. gnd 569.00,
PTS.33 $75.00. all uniis complete, DAISY TENNA,
Box 42010, Phoenix, AZ 85080, 11-M| B74-9032.

SATELLITE systems and accessones. Dishas, re-
cervers, LNAS, actuators Top brands, kow prices.
55.00 catalog B & T ELECTRONICS. PO Box
3156, Grand Ramds. M| 49501

PCB tor Satellite Siersq Project i October article
18 now only $15.00. JIM AHODES. INC_, 1025 Ran-
some Lane. Kingsport, TN 37660

ENJOY SATELLITE TV

Save monay wilh easy, guaranieed.
da-itrourselt antennd plans / kit
Elpctronic &

Sand $1.00 tor of $8.95 for
1584 “Consumsd Guida to Satellite
Televigion. ™
GFI-DY
Box 104

Missouln, MT 53807

SATELLITE Television Information Service 104

channel program guide. existing satedliies. satellile

launchuings next few years. Basic System [heory.

recommended Oish sizes, LNAS. Send $2.00 10

EIJ.\T FLORIOA INFQ. 2910 SE 19 Ave , Gainasville,
3z2601.

SATELLITE-TV! Lowest Prices, absotutely com-
plete syslems! Major brands. Compiete Installa-
tion/programming gulde 53.00. Catelog only,
51.00. Dealers wanted. Visa MasterCard. Al
SATELLITE. Box 1226-RE. Dublln, PA 18917,
{215) 249-9411.

INVENTORS!

iDEAS have valuel Ever think of an wea, forgal it,
and see i [ater on the marker? Many peopls don't
forget, act quickly, and are rewar {yAmoncan
hduun; Wnie dowm your sdaal We offer tree dis
rxsua:m and sl consuitation regard-
ng mur a’s potential value. Call of wiite without
dela i free information package. AMER-
ICA‘ INVENTORS CORPORATION. 82 Broad
Swreel, Dept. RE, Westfield, MA 010860&413)
568.3753, A foe based marketing company.
coast to coast,

NEWSLETTERS

ELECTRONIC SYSTEMS NEWSLETTER is a
manihly publication writien esgecselry ior the elec-
tronics hobbystexpenmenter Fascinal

new daas. sources. Free details. AF PUn{lSrﬂING
Dept. A2, PO Box 524. S0. Hadiay. MA 01075,

DO-IT-YOURSELF TV REPAIR

Govt. SURPLUS
ELECTRONIC
EQUIPMENT

CATALOG

New ITEMS . . . New BARGAINS!

FREE UPON REQUEST!
Send today for FREE copy of
DUR BIG CATALOG, Dept. RE

FAIR RADIO SALES
b B LUREKA - 803 1I0S - LIMA. OHIO * 15302

EDUCATION & INSTRUCTION

UNIVERSITY degrees by mad! Accredied Bach-
elors., Masters. PhD's. Free lacts revealed
CAREERS, REZ, Box 470886, Tulsa,OK T#147.

WANTED

OLD tubes: 2A3, 10's. 455, 505, 808, 81%, 211, 242,
845, VT-52, VT-62. WESTERN ELECTRIC EQUIP-
gfl;}'%}ma) 576-2642, Davd POB 832, M-Park,

NEW!..Repatr any TV..Easy. Anyoné can do i
Write. RESEARCH, R1. 3, Box 601 BR, Colville, WA
99114,

INVENTIONS, ideas. new ucts wanted! Indus-
iry presentation/national exposition. Cail frea
{1-800) 528-6050. Anzona, (1-800) 352-0458. X831.

SUPER LED's ICRO ==
Tamp. rotheg w/hesi vink 1201; 854-5008
MmEI M 54 pelnn 53 b HRT
! MES IR t.l ‘4 95 . IIJ
resisTon sae| Wb 2 UHF-TV PREAMP i BB T T
OUL  IRPORTEN NRIPPRR mulumh“EbﬁrmuMWN (90 OHR. IR, 10, e, 0, L 00K .. :u.:
9L 1/4¥ 3 PERCRRY MEMORY artcias, 1982) :::"‘: R Pl
EERINTOEN 17 PacEN oOF B L, SR e e w3
Ipd INETEAD OF TRE 10D fors - Yier ampmlddﬂmr;h’l?!nzs o gruar':?o :::’:‘:':'n et §7P war Bimaeiori. :
PFACK)  wT DEWALLY GET. your Lot of 181000
st omiv alL i | 4164 ¢ en 300 *4.00 3§00 and rapeal orders for this AOH quaily kit e erlie)
w4164 150 4.20 8.4 et e Ruson om0 | S i s S
™ 4.7 NICE. TN 3 . S8, Power Su v 334 Tl i 3
EACH 200 PAK 5235 | 4118 - ' (8D 1.75 350 Assembied Veranon.. 8750 | TN e
FIVE paxs 1000 | G116 mrnn 150 695 1380 APPLE o ons | S Bimmmime Lamiin g it
= », 1 T da, 33 1-10%.
28 or more -only$Zan, 2114 - «am 150 230 4.50 e —— SRR i
WOTART YmiTEMIW PEULTIEN, BA iR Rod.0N BR1-03X -9
Rkctiitm TRIm sgry- 199 -..ﬂ.._:l_l.h - |u||-n¢:;:v‘:::":3mnt:::a;‘ ::
ﬁ'm""’. s'c“l DIGDES :.;':'-‘-'T&“.;L':d:":&:::: ! i a-tanm-roud». -1y ‘:1‘:-21 Loy
bttt | wow ronwanr voirtace- tpEAL rOR L ol & A G L M e o] T el
Ea Gallf. CIRCOITE. mALY INCE LEARS. iLL SI0DES MinL Pk TRANGFOEMN ¢ For Srbea, [T R T L T T e
riind ALph IRl RANImIC B4 BTE :uu u-I-I Iﬂnu uI— -mwl- e LT S
"1 OUNCE over 100 $3.50 P e amat gl S | R e
Fl-0all Lo -moiin ' 1- £ Ik " LAFTN- - ."'I |..-:0le‘ .. v :- ::.... o :
R =0 COLMIEED wEIRCTE. AL L 1 1M MRy, BTC- 0. ™
1.3 Gl b 'y 1, |, RT, BTl b ITdany wIEE. g0
SERI wruor 76 * BUY A POUND iiag It T Bt T 55— T L e
LuETall- Inclesen & 107 I T q; LTI N :: w:-.:-“:‘:: :-u.uwu AT N n-.
wlEE, BOWE GONFLRTII TED DIOITAL INTREGRATES ClecPite MERTHE ca P RO - £ z e
8" el el 0 e ey il Sorraty ot | | SR SRS | BT R
POR Efdr IMSTALLATION. | Cons  prgLp OF FYMCTIOWAL DAXE AWD BTL S e maas Sitiias .l .. atamm cams, :?:m'-h-n-m ot
11 dosTar  FARTR 4ND ic E avar ¥ RABIA miCmICEMI . 10600 T Mmt
S 1. e T v L e e el Syl |t g e
- FInt wapr weafs EACH MrrIAMAE. .. A, -y ¥ [ -
s - CETah N “ 5 TR PR
$7495 HUNDREDS of 1Cs 10 S S et e | el g S
FRleeEI1d Fff\rrER SILICON SIGNAL DIODES || | SE B Simiiia Sa il v, [ fuiness ie sth wyc e wstia csasiy
BICE  GUALITY {ail TYIINR), SichaL s iminglome elon moct sl w | sielasc e somiaomar o 6l
TRANSISTOR OONANIA |piovss. wameap WITE IWZEZ O0 viTw AR Y o e il e gioiioovtabitn it ‘:';E
T - ’ . ™I r
Qe et | e e Tog0 3795 T S ) (B e e T
- . [T 14Y ol oa At an TgEn [ [
= LARCE COWPUTER compady. 10 OUNCES over 10 T Ll eu il oa lods Tl | Eekans! o= suTil st s avaay - FA
6 TERNE opiE wtWEERED Lopdek PE mRRTRTEE -u:a uuuu.::— : : :-.:;tm: IL-.:“, MO0 . . : :
PAETH shE BOT SECORDN e v Tadd SLEAL T s eSeab at. A 3
E of RRJECT P.IITI.-'- o EAEYI.IUN 2811 .,rtlte l;i s S BT Ao S eI | | et "“‘uum"". o o
8 180 fer “% ELEC'"‘I]I“CS acr.’&el n,—.o._'T, e tart o | OUBA-MERLTT. ik EAS Mimes.es 8432
o Lot LT (815} 34 2idi Torme: MICRO-MAHT Xoepts Yiaa NC and tekeghone COD'8. Mirimum oroes 21000 Shipping—
c“; PROAE ORPENE, W OMMIPL |y pay post onerdard tor 315 1 more U5, orders. $200 Canada and other countres S350 inchuoes IS} Shippng rate adwsted whed
= :::::;::, “:?:: 'M:. paymanl must be In U8, funltéloulin opicatie WJ reswdenis add  Fh Shes lax
g RRTrran SPE TEAT VaTies || SO0rS Must Inklude pesi BAC, laC ore HICRO-MANT © 508 CENTRAL AYE.. WESTFIELD. I 07090 o (201) 8546008
CIRCLE 263 ON FREE INFORMATION CARD CIRCLE 253 ON FREE INFORMATION CARD
104
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— RAAI0 Fhaek Parts Place

Over 1000 items in Stock. The Store for Builders and Fixers!

computer/Game Connectors

Tantalum Capacitors Replacement Transistors

Typa Positions | Cal No, |Each 8 20% Tolerance Type Cm Mo Each
Solder Sub-0 Mate 3 2764537 |19 8 IC PCB Spacing ) i e
e e e e Rl e
Soloer Sub-0 Mase 15 2761527 | 249 g e A = o TiPa: HPN 506 0017 29
Soider Sub-D Famale 15 2781528 | 349 e 3% 2721434 29 TIP3055 NPN 278-2020 159
Hoox (o7 Alxred 15 2781529 | 199 L e S7aYaas zo mé;azfor PNP g;g%rg = Ig
Sokied Sub-D Male 25 2781547 | 299 10 16 272-1436 69 Waoee T oo o
Solder Sut-D Femake 5 2781548 | 3.99 22 16 272.1437 79 MP PNp 276 2032 4
Hood for Abowe 25 211548 199 TIPS1203535 NPN 276 2068 129
Soideriess Sub-D Male 26 2781559 |49 . ﬁ:ggg N:l; 276-2041 ;99
Sotderiess Sub-D Fern 25 2761565 |4.99 H P 276-2043 19
Prinler Connacion 35 2¥6-1534 |89 gonOIilthlc Ceramic ZN4401 HPFN 276-2058 5%
fase S x lmuslan] | Capacitors Nl N | ERB | 3
Epoxy Dipped & 50 WyDC MPS.MSZ :;: %3&%: 373
1/a Watt, 5% Resistors N8I NFEY | 2762036 9
— . Temperaturg MPF 102 N-FET 276-2062 99
Pkg. of 5 3_9¢ "‘“--Qm value | Coeflicient Cat. No. | Each :::g'n'za g;gg ;ggg ‘ﬁg
s | Cat No Srofed (Mo s 1R o7sivma Voo | SOON—— et - we—|
10 | 271-1301 Ohms | Cat No 1000 pF Z5U 272154 | 69
o [[gmen | e hoe] | jompr) g S f o ¢ Line oriver, Recelv
1 71-1312 1 -1 01 pl Z5U) 72-158 69 - r r r
320 | 2711313 22k | 273-1339 047 uF 25U 272157 89 RS-232C Line Driver, Re e
270 | 2711314 27k | 2711340 A pf 25U 272158 79
330 271-1315 33k 2?1-134; Type Cat No Each
470 | 2711317 A7k | 271-134 i MC 1488 Driver 276-2520 179
1k 271-1321 68k 271-1345 M-
ini SPDT Relays MC 14B9 Recaiver 2762521 1.79
1.8k | 271-1324 ;gg: g'-’"‘g“s; y !
2.2k 271-1325 71-1 :
- Dnly 1 x 11ex ¥4". Typical
% | 3150 | | e | z7irass | | orminizmA idealorbatery ! | €MOs and Bipolar Timers
6 Bk 271-1333 0 meg | 271-1385
amp al 125VAC. : ” TLC5SS. Hew CMOS osign wih vy low pows:
6-9 VDC Coil. 275-004 . 2.89 E— VOC supply
Same ué&&bmw‘ksnhsmallo |ossmnm
12 ¥DC Coll, 275-003. . 2.99 s 2781758 . L 1.50

4000-Series
CMOS ICs Bipolar, Resaltable fiming rom one jsecond to one hour.
With Pin-Out and Specs

Wire Wrapping DIP sockets

o T oIp Cal Ne Each
Type Cat. No Each Square 0.26" posts accedt 3 lovels of wrap s {1';:0“] a-lpm 2?:‘?23 Sl
4001 276-2401 99 Pins Cat. No. Pkg. of 2 558 (Dual) | 14-pin 2778 149
4011 276-2411 95 8 278-1588 115
4013 276-2413 1.19 e 576 1693 129
4017 276-2817 1.49 16 2761994 139 Dictionary of Microcomputer
4049 276-2449 1.19 Te g
4066 276-2466 1.19 rm

Solder DIP Sockets NEW!

TTL Digital ICs Type Cal. No. Price Eelines over 1200 modern
i BP 276 1055 2/50¢ ay microcomputer terms
With Pin-Out and Specs ;@p;: 276-1999 2/89¢ with clear and concise
16-Pin 276-1998 2/B94 descriptions. Large. @asy-
Type Cal. No. Each 18-Pin 2761992 a9 fo-read typelace. T 100
7400 276-1801 89 20Pin | 2761991 59 gasis i fons, aooute Hup.
e 2761802 ] 2l £ 500 common smraviations.
T4 76-1 . Pin 761
7447 276-1805 159 40-Pin 276-1996 99 Sy gl D Y Bl R
?4m 2?&1308 1-09 ........................

\

TV RF Modulator
Chassis

POwer supply
Chassis

[Contlnultv Tester

MOV Transient Protectors Chassis

A —
Power Diss, Cat. No. Each
500 mw 276570 159
1 watt 276-568 1 69

Fast-Acting 5x20 mm Fuses C_: -

B

-

Pkg. of 2 89¢ SPECIAL 5 SPECIAL b SPECIAL 3!
: ’ — PURCHASE 1 PURCHASE 47 PURCHASE
Adips at. No. RIEE Al Circult coninui ocduces m war- | Selsclable channel 34 oulput, Spin | Our Dower IMINgs you
Q315 2701249 2 270-1244 Eéing 1ons. MI.:; ::nclbh uses In- | DIN Blcug ngl:npls vicheo, Rudi ang m&tm ngpawsuop?yrov
e 2701241 25 270-1245 eludn ‘og.murlty alarms. capacr- 12V nputs. Ondolt swiich an incredibly kw 444 ¢ waltl tnput
s 2701242 E] 270-1248 lorid checker, more. Operiies \mth builtin TV antenaalmodulaior | 18 VAC {use cur 12731615 trans-
1 270-1250 4 270-1247 Trom 9V rangiator batlary. Great ax- r?'?uu:ﬂmdorg nlriu::'l w‘rr:t[;c e :s 1av3c‘d¢;oom:i
5 | 2701243 5 | 270-1248 o 2?%.‘1&5 ot tnpul overios | oo ma sriore o Ors

CTT 1014

-
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RADIC-ELECTRONICS

-
L=

FREE KIT Catalog

FURCTION GENERATOR KIT 559, 9%
Auta-Ranfind Cap-matar kit $79,9%
Phone 208-772-2076
Writs or Fhone for FREE CATALOG

SCIENTIFIC PNSTRUMENT
DAGE 555 144 yaLLEY SPRINGS CA pa262

<onfaini

TEST &

EXPER1~
MENTERS
EQUIP,

PLANS AND KITS

PRINTED-cIrcult boards. Quick prololypes. prd-
duction, design. reflow Sofder. Send prini or
descrnption for Quote 1o KIT CIRCUITS, Box 235,
Clawson, MI 48017,

FREE cataleg, 99-cent kits—audio. wdao, TV,
computer parts. ALLKIT, 434 West 4th Sireat, Werst
lshn NY 11795,

HI-F1 5 speaker Ims aulo speaker Systéms and
Speaker components from Lhe workds fmest man-
Jlacturers. For nnérs and experts. Free hter-
ature, A & S SPEAKERS. Box 7462R. Denvar, CO
80207 (303} 393-8603,

CABLE-TY converters: Jerrold, Hamhn, SB-3.
AN-2, Mini-Code, Zenith & more, UHF converters:
Deluxe I sinewava lts $95.00, gated pulse addion
$70.00, Complete units $195.00. with galed pulse
525500 (Quanuty dscounts.) Repanrs of all con-
vorlers & cabie boxes. Send SASE. (54 cenls

@) or call for k. § (312) 637-4408. HIGGINS
EOSECQT ONICS, 6014 W. Nelson, Chicago, IL
60634, No. lllinois orders accepled.

rTVIDDI‘OBCl?

PROJECTION TV.. Convert BAT
oot picture. . Results compar. 1052,

eclors... Total ¢ost less than $30.00...Plans an%r%’
lons $19.95.. llusiraled information free. MAC-
ROCOM A-GF. Washington Crossing, PA 18977,
Creditcard crders 24 hours, (215) 736-3979,

PHOTO circuit boards, Your idea becomes a finish
board in one how. Cost complete about 12 cenls per
square inch. Equipment cost about $30.00, Send
$3,00 lor nstruction book and catalog. 1.D.5., 160
HE. Man 51, Wast Salemn. OH 4423?

CBHAM new aulomatic V.S.W.R. meter modi-
tication kit for your V.S.W.R. meter. Continuously
monitors V.S.W R, Hivswr alarm, eliminates et
power stap Kit $32.50, California add 6%. RJ
FROST ELECTROMCS. 11106 ronwood Rd.. San
Diego. CA 92131, Allow B-10 weeks

@@g@ electronics

ORGAN & PIANO KITS
ALPHA DX 300

fully
DIGITAL
RS232

_Interface

For Free Sound Info
Call 1- BDD-233-38565
arwrile WERSI USA
Dept. M 8 PO. Box 5318
Lancaster, PA 17601

ELECTRONIC kits: Polyphonic digital s yrthesizer,
digilal sound sampier and accessones. Build a pro-
fessional system at low cost. Thie VMS synthesizer
SyStem 1B compatbie with Mosi mMicxocomprters.,
lx pple, Commodore. Sinclair ete..) Complete soft-
padunes avallable for the Commodone 64.
Imported trom West Garmany. Send $5.00 for bro-
chure and demo-cassana, Mail to: CEDOS ELEC-
TRONICS. PO Box 101, Waukesha. Wi 53187,

CUSTOM printed circuil board For price
quotahon send schematic dagram $1,00, elun-
dable with order 10: MARK MISIAK, 5035 So.
Kosinar Ave.. Chicago IL 50632,

CATALOG: Hobby, radio troadcasting. CB, lowfers.
Transmiiters, linears. acbwe antennas. Converters,
scrambiers, bugg rgde\nces more! PANAXIS, Box
130-F2. Paradise. CA 95969,

DIGITAL Klock Kit plays 1-0-12 meiodies gach
quarler hour. Displays fime, dale, and other fea
tures. Send $2.50 for assembiy plans and
KERBER KLOCK KO., 3611‘¥ Hillcrest, Em

OH 44094

DESCRAMBLER plans New design decodes
galed sync suppressed sgnals—nawes! pikiless
methed. Circuit boards, most parls from Radio
Shack. Detaad theory, drawings. schematics. In-
structions $14.95 plus 52 00 lhlppmgr DIRIJO
CORP., Box 212, Lowell, NC 26098

CONTROL your worid with your eomputer! Conirol
up to 48 devices easily. Completa plans, sche-
matics, programs $9.95 B & W ELECTRONICS,
3621 Lowden, Kalamazoo. MI 49008,

REEL-TO-REEL TAPES

AMPE X prolessional sefies open reel l%e
2400-feel on 7-inch mels. used once. Case of 40,
£45.00. 10v: »x 3600 feel and cassefies available,
MasterCard Visa VALTECH ELECTROMICS, Box
6-RE. Richboro, PA 18954 (215) 322-4866,

ALUMINUM EQUIPMENT CABINET
$= ¥ 12" X 3-1F:z" ORIG COST $40,
COMPDTER EQUIP.

HAS OPENINGS POR LINE PLUG.
X-8000 wT 5 LB $9.95%

NEW HEAVY
GAUGE ALUMINDW J1/8" SIOEWALLS! WITH ATTRACTIVE
BLACK FINISH. GREAT FOR ALL SORTS OF TEST anD
PRONT PAMEL IS PONCHED POR
COUNTER/DVM USE JEASILY COVEREDI, REAR PAMEL
SWITCH.

10/sey  IC0OSSTS

ETC.

END STACKABLE

LED VU METER

M-4275 |
] o

WT 0.l LB
3916-9

NATIONAL HSH
INCLUDES A 10 ELEMENT LED
LIKEMR MRRAY wITH AN LM191&
DECODER/CRIVER. THRESHHOLDS
ARE SET AT COMMON VU POINTS
THE FIRST 7 LEDS ARE GREEN,
THE LAST 3 ARE RED. 2" X
0.85%" OVERALL., OPERATES
PROM 31 TO 24 VDO, 10
ACCURACY. DATA - .50¢

SOUND EFFECTS

COMPLETE, OPERATING assv.
HAE PLASHING LIGHTS. HEAVY
DOTY 2-1/4* SPEAXER, RUNS
OH 9-12 VDC1 MAXES SIREN &
EXPLOSION sopnps. 80T YOU
CAN RE-FPROGRAM THE SHTG487
TO MAKE LOTS QF OYEERS]

%-1560
5|95

<3 PC BOARD

WT 0.2 LB

Orhe R/ 4

10/8 34
10074300,

JusT

7-12 vDC
LED CLOCK

NATIONAL MA-6003 IS A
COMPLETE DC POWERED CLOCK
WITH KEYBOARD TIME/DATE
ENTRY. TIME BASE CONSISTING
QF AN Mu5169 AND 3.579% mHZ
CRYSTAL, ALL IN A 2=} X
3=1/4 mMODULE. BERAND HEW.
100% PUNCTIONAL. DATA-.25¢

10 /#25 100/ 200.
Lu-eooa wT 0.1 LB

YOU SAY YOU WANT A PREE
PLYER AND YOU WANT IT NOW?
SEND DS A
ADDAESSED STAMPED BUSIKESS
SIZE ENVELOPE,

1AMONDBACK
ELECTRONICS COMPANY

M BOX 120%%
SANASCTA

Mone Ordere (0131 353-2029

Contlnenthl U5 add $1.80
for the firet pownd spad 504
for #ach addltlonsl pound.
Cansda add $3.30 first lb
and $1 for each sdditional.
Plorida add 3% enles tax.
BAIL OmtukE $7 MImIMOM
COD, OrF8 CASE LT $15 MiN.
YISA & MASTRIACARD $15 NI

SELP

FL. 3337
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LIFETIME LIMITED WARRANTY
PARTS & LABOR

MICROWAVE TV ANTENNA SYSTEMS
Freq. 2.1 to 2.7 GHz . 34 db Gain +

COMPLETE SYSTEMS:
(as Pictured)
Commercial 40"
$99.95

Rod Style
Parabolic 20"
Dish Style ~ $7995
COMPONENTS
Down Converters
[either style) $34.95
Power Supplies $24.95

(12V to 16V, OC+) .
Data Info [Plans] $§ 9.95

CALL OR WRITE FOR
B KITS. PARTS. OR MORE
! INFORMATION
Shipping & Handting Add $500

We Repalr Mosr Types Down
Converters & Powor Supplies

Phillips-Tech

Eectronics
P.0. Box 38772
Phoentx, AZ E%I67
(802) 9676972
Speciz! Quantity Pricing
Dealers Wanted
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HAUIL-ELEL | HONIUS

k RUBJAN peris Avakabile lor Comq!rﬂl
1

R htng spoitng, elc. Hand heid
S I[] PULSED LASER RIFLE — Pmouces 15-& walt nha.red

ql:—I—:I:IC(')I'I'I(.;"'J

lmrmsmn for otiers ATyBme. Techvictans ¥ 2vailabie 5-11

AMAZING

T50NAL DEFENSE AND PHOPERTY PROTECTION
u‘nuze 5P ACE AGE ‘IECHNOL
CALTION THESE DEVICES CAN HAZMJSANIJ MAY SGON
BE RLEGAL

. $15 00 PRFIK . .lcifPuns $175.00
plasmy drschar(e cababie ofnlﬂﬂ'u

. Assemibed
Plans ... 510 O BLSI1K ... Kit'Flany
SHOCKER{PARAI.YZ]NG DEVICE — very hmw lrl‘l
eftecbve 510 10 feet

SHGE Pans ..m.m SHGAK.  KyPang... .. |
RUBY LASERRAY GUN = [ntensa vishig 16 heam buing and
wekds harOesi of melals MAY BE HAZARDOUS

Plans

Davices15.00
CARBON BIOXIDE BURHING. CU LASER — Pro.
ducet 2 comnuous beam ol fagh energy. MAY BE HAZARDOUS,
LCS Ail Parts Availble for Campleling Device $15.00
VISIBLELASERLIGHT GUM — prmmnlmrdwmhr

LGLU3 Plans $1000 (Kir & A i dimisia}

pubses at 200-2000 pes sec

LRG] All Party & Diodes Avallabio . 510,08
BEGINNERS LOW POWER VISIBLE LASER — Chowce of
ried. yellow, Green — prcvades an excelien] souice O monochs OMabc

mcz Pans, . $5.00 LHC2K.. . AM.50
“SNOOPER PHONE - Aluws User 10 G hws Premises and ssien

M wthout PHOM Ever

SHP20 . ! .g,m
SNP2 Plans.. . 5900 SNP2K . Pana¥i . L]
LONG RANGE WIRELESS MIKE — binature dewcs chearly
tramsvls wed over one mile Super sansilve. ful

MFT1 Flans $7.00 MFT1K | ..349.50
WIAELESS TELEPHOME TRANSMITTER—TMM
wdes of conmves Ao over pne mily, Shuts of sulomal
YWPMS Pans.  $800 VWPMSK Plans/Xt  $39.
TALK & TELL AUTOMA TIC TELEPHONE RECORDING
DEVICE — Great 1or momlonng telephone wse.

TAT20 Agspmbled_

TAT2  Puns.. . B500 TATZK .. Pune 11:'

2.1, hon-Thur or Iose needing B351stance or Konmabion. Send

for tree calabog of hundreds more semalar devioes. Send chick, cash,
MO Visa MC.CO0 o' INFORMATION UNLIMITED
DEPT R, P 0. Box 716, ambherst, W H 03031Tel 603 673 4730
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by graw Wiarenl “Wikibars”, TR saly wuy 1 mel
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sl 2aE ﬁ

UHF, CABLE-TV UNITS

ZENITH YHFUHF "Super Z" kil In stock (also
works on Zenith cable units, Z-Tac) only §179.85,
Put & llttle sting In those faraway UHF stationa
with our 25dB preamp kit, the “Scorplon™
£22.95, Large quanilly diScounia on cabic units,
N-12's. 5B, MLD-120{'s, filters. We buy surplus
par1s. excess invenlory. We now have over 8 ¥ of
million dollara In parts stoCked. resisiOrs/ca-
racitorsxcoilsﬂ(:'s many more. Check oul our

prices, Dealers give ue & CBIl on qc;.lantlty
pricing. Will ship anywhere, FO8/Bait. COD wel
come. Carte Blanch/Diners Club accepled. UPS
Daily. Add 3% shipping. Maryland residents 5%
slate 1ax. Credil card arders, Information. COO's
and dealer pricing call (301} S74-7882 or 7883,
Call or write 1r free cataiog 1o 8,E, CORPORA-
TION, PO 9534, Baitimore, MD 21237.

SCANNERS

JOIN 30,000 other 5canner owners i the nationy
largest nol-for-profit association of scanner oWners.
Bi-monthly publication with tech ups. fas<inating
1ru@ SI0MEs5, news ol new hsienng adventures Pius
member benefil package including car rental dis-
counis, NQ-extra-cost Insurance coverage, free
classified ad servica, and more. Send just $9.75 lor
10-monih trial membership to: SCANNER ASSO-
CIATION OF NORTH ARERICA ~240-A Fenci
Lana. Hillside, IL 60162,

CABLE TV NOTCH FILTERS

SUPER powerad notch fiiters. Eliminata any un-
wanted $ignats. Channels available:2-6, 14-22 (A-1}
Onty £19 00 sach, Money back guaraniee, Quan-
3‘_zadl.v.oounts CATV, PO Box 17621, Plantation, FL

CABLE CONVERTERS & DESCRAMEBLERS

HAMLIN OAK JERROLD
SCIENTIFIC SYLVANIA ZENITH

AL TypES OF CABLE TV EQUIPMENT
MICAOWAVE ANTENNAS & ACTESSOMES
~ FRAEE ILLUSTRATED BAOCHURE -

Cabl OR WwhiTE -
.M. A SALES
221 E CAMELBACK #1
PHOEM. AZ 33012

{803) $33.G0M

BUSINESS OPPORTUNITIES

US $8.00 Includi dt.-.k thousand name brand Eoc»
rams for Apple IBM-PC details RELIANT, PO

10, Sheungwan, Hong Kong.

= Let ut quote yo

RC. BOARDS | onerstsgeof
AN.D ART SERVICES your product trom
FACE proto types to
PL’TES production s
ENCLOSURES HASI OB N

WRITE DR CALL Columbis, TN 3840

For Lilersture or Cuotes {815} 381-1143

PRINTED CIRCUIT BOARDS

PRINTED circuit boards. double sided with plated
lhrou n holes or single sided No set up charge.

ILL INC.. 205 Easlt WesStwood Ave., High-
polnt RC 27262. {919) 834-0229.

SINE WAVE QUESTIONS?

TROUBLE shooting, aignmeni, antenna hookup,

ments manual, $6.00, STV authorization
control, $3.00. Bolh, $8.00, SIGNAL. Box 2512- -R,
Culver City, CA 80231,

DESCRAMBLERS

AMERICAN—CANADIAN
e Sptetae Durics

(Ll
C+ 1040 7 ZEWITH TYPE
- mscramms “ovrr the e and

SYRC Supdrestad alive
nceo HeRr SO0 1onals

nuur 1o go C-1000 w7y
Comgietey K C-1000K 274,95
Printed Circud & Manual 74.95

b C-100 / JERROLD TYPE

Cable Descrambier tor wrband gated
SUBDrEssHg Sysiemy

Reagy 1o C mu (LN ]
Compirta 100K 54.95

SEND 32 FOR COMPLETE iNECRMATIVE CJIYM.OG o
DETERAMINE wHAT TYPE vyOU NE

4 & D EMGINEERING
£.0. Box 6099

Buy 1 kit Faimouth, Malne 04105
Gat 2nd kit {617} 837-8431
Deaisrs W
al V& price Specw:(;;:nr;::gcmg

COD's—0OK

M)A D ooty o1 engaered mat copeo B M0 JE TG
B0 Gaty T 108 DERd S DUGIUCTT whetd SRl L

MECHANICALLY inclined individuals dasiring
ownership of small electronics manufacturing busi-
ness—without invesimen!, Write: BUSINESSES,
92-R. Boghton 11ih. Brooklyn. NY 15235,

FPHONE ORDERS: 303-873-720)

i

3 120 VAC BOX OF ELECTROMMS

.y Xenon RN S
5 l Stmb. LAl i nu-u el
\’lﬁ“f o -'r'.'.',.'!'.' i g
7 c3on -Q“l ‘:u:l
swo9s | ¥

-..'“‘-’ W
t:‘lag\:‘%%"

CA282 51000

08

2132 EPROM

Imwm ~

. cio2 $293

33 FOM TOUR Fiel ik (ory

OFOLE 19kt CATALDG LHTING:

'U-Hm?-m- -+l
P

mru-mwmr \

8118 ot i, 4t s Wiyt

| "o, 2703
-@HANEY mwu.c::mmmm

T i LD
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PROJECTION TV. Mako $55% mm%
ectors ..Easy...Results comgarable 1o §2
B.,olacm's Your iolal cost [#ss than $20.00...

ans, 8 lens & dealer's informason $17.50... llus-
trated Intormation free... MACROCOMA GFX.
Washingion Crossing, PA 18977, Crediicard ordars
24 hours (215) 736-2880.

YOUR own radlo station] AM. FM, cable. Home
operation possible. BADADCASTING, Box 130-F2,
Paradise, CA 95969,

BURGLAR aiarms—booming busiess. Gei in
now. Slarting Information 52 00 DYMAMIC SE-
CURITY. PO Box 1456-T, Grand Rapids, M1 49501.

QUALITY ELECTRONICS, 2305 Oid Buncombe
Rd , Greenvile, SC 29603,(803) 235-8691. Mail or

I sannca for Comodor Phone Mate. Pan-
asonic dealer distributor. INQuirkes invited 10r other
electronic service Jquotes.

Increase channals. range, privacyl We specialize
In frequency expanders, 8peech processors. FM
converters. PLL & slider tricks, how-to books.
plans. kils Expert maii-in repairs & Conversions.

18-page calslog $2
CBC tINTERNATIONAL, P.O. BOX 3150CRE.
PHUIENIX, AZ 85046 (602) 996-8700

WWwWw americanradiohistorv comm

GRAPHIC EQUALIZERS, ETC.

NDISE eliminalors, expanders, power meters,
olhers. Twelve-24 bands-channel &qualizers from
$89.00 kil see R-E §5-6:78, 280, 3-4/81. Calalog:
5§55, A56R Lynnrose. Sanla Rosa, CA 95404 (707)
546-3895

CABLE TV

DEALERS wanted; Channel 2. 3. and 4 notch fil-
ters. Money back guarantee. Send $15.00 for
sampig and Quantily pnce st Specily channel(s)
LEE KURTZ PO gou 291394, Dave. FL 33329,

24" DEEP

MICROWAVE TV AN
1910 2.6 GHz

Frequency Range
24~ Pssabolic Dlan. Pre.
assembled Probe with Down
Converier Powsr Supety and
Tuns Swiich 81 of Coax
Catie with Connacios Trans-
fermer for T5-300 Onmy.
Mouniing Hardware for Fast
and Essy Installalson

ORION ELECTRONICS I
]
Tnmp? Arimuzsz
(602) 897-2321 Ilulm Wared

Suggesieo Retal $259.00
SPECIAL $74.95
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PRODUCTS, I!

95,000,000 SALE CELEBRATION
SAVE NOW AT NEW LOW PRICES!
‘ 9th Year Anniversary SALE! ==

Corporate Buyars ..,
MalL ORDER PRICING ONLY Catl For Yolume Quotesl

T 2
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Commodore® Accessories

RS232 ADAPTER FOR
VIC-20 AND COMMODORE 64

© &

Thve JESSCM siicrrs cOmmaciion of slerser sl 18112
prinkars, modems. el B0 s VIC-20 and C-84. A &-pole
rwch Mm“dwlwmm
phiks WraiaEation sl operstion melructions

* Plugs Wi Uaar Port » Provices, Standard AS212 wﬂn
rvtria - L & gnas (Fenamd, Recenve. Claar o Sand,
Aegues! 10 Band, Data Termenal Reacy. Data Set Mendy).

JE232CM . .$39.95

ProModem 1200 and Options

VOICE SYNTHESIZER
FOR APPLE ANO COMMOODORE

‘lMW
“‘3 Gre® ing
gduc ‘,

JESZOAP

JESZOLM

+ Dwer 250 sl vecabolary . sfines siew el ermatien of Sy
aa 400 war -ul-lnﬂl speoper, valmme comiryl.
e pck . n-mmam‘u-raﬂ

N

oy Hwmentaten
Tl w “1 u 13k

APPUCATIONS un.m-.-. a1
+ Tomchmy * Mandesp hid
Iyttt * Gy
Fan Na = ——oufvian
JES20UM  For Commuters 64 & VIC.20 511455
JESZOAF  Fur igole B W ol Iie 3.5

Computer Memery Expansion Kits
IBM PC, PC XT and Cnmpltlbloa
Ininuley e | gt Bty

TBM PC AT

APPLE it

e

Faubmiet, g G “nc&

Mn-l-hm T iy Al ol el ccancns WY
[ ]

AL
TRS-16K3 200na  [Model Ill)l

TRAS-18K4  250ns  {Moded 1 3
TRS-80 MODEL IV& 4P

£ 30y 1O vobiiel 1O Con Oty w0 1 VMIN- I 200N

kAN dorafl Cmemrimin: dicn el Wil Limvmprid. TR )
S 1K W . Al SEi Aide? 8P g B T |
TRS-841-2,

33895
mﬂlnt—!luﬂv-ﬂ—lhl—ﬁ.t—

{hllodel 1y onby). ... ... .. $59.35

TRE-SAN2PAL
SR el i o, Dl s el e 42 By

TRS-80 COLODR AND COLOR I
lﬁhmaﬂﬂ-ﬂ l“l?“ﬂm

intelligent 300/1200 Baud
Telephone Modem with

Real Time Clock/Calendar

] Tha Probiocem™ a m Bedl 2124 {300/ 1200 Daus) wrisli-

Gt tad- pioney Waaiie + Full fedituoed o3 pandabie

modem - Standard iehares inceds Ao Anawer ard
Ao Dial Help £ Pri»

MMM‘IMP;:MIM Hms

Apple® Accessories
il 5%"° APPLE™
Direct Plug-in
Compatible Disk Drive
and Controller Card
The ADD.514 Ousk Drhed ubsd

Shugert SAIS0 mechencs 1438
Kialted siorape - 35 pBces
+ Compatite with Appie Controk
llrllw-'lm The drive

oMy CEmphete Mth CONNBCEN and Cabie — i plug
W your diak controlat card - See 81 ox Iww g
A-9/167D - Walght: 4' iy

ADD-514 (Dimk Drive}. .. ......... $169.95
ACC-1 [Controller Card]. . . . ... $ 4895

More Apple Compatibie Add-Ons..
aning Fon wih WY prencion. . . . 33995

KHP400T ity Mpmr Su00i .. 55395
JES14  Pumencihst Kayped e dm. - - . - . 35895
KB ASD B Y T Y T 1 T ‘n.’i

MON-12G 1T Green Mystor @ L8 - S0 .
JESB4 O ot v g A
ADD-12 " MEF Mg Dogh Drivid. . - - . . .

IvF 5% 7 55 h.l-ht]
{Remex 5W° DS fu-he)
Mandon $° DS hall-ht.

b
18" Power Cable KR). ... ...

Apple Keyboard and Case
kxlpnle Il and i+
wﬂ cxawpc o wily |00 bk
M6 mpecil lnchons - S 18w
‘\\\rl“'lﬂ
- Case Accommodams KB-ABE + Pop-up Bl lor
wany gocawd - eSS A WD AN

o ysichemy, 9
: 3 s ENCIOBTe Case Only. . .. ... ... 3 5958

L2

160 128K |Neng 200 1285 RAMs) £199.95

TRANSACTION TECHNOLOGY, INC-
SYDC & 1 AMP Regulated Power Supply
ouosvuc.mmwmomw Ingut 110G 90 HE

Tur-tony (hack gy B-enciosed coee ' B K 3-contuoior Black
w-m St L2 T W2 20" H-Wesght I

PSS1184, $14.95

PowerMate Corp. REGULATED POWER SUPPLY
gt 108-125/210-290 B ot o7 -$3H1 « Lur-ll-l-mﬂ 10 0% + Thea

UV-EPROM Eraser
o
R,
(1 G 8 W]

b—.un EPACMis Erzwey unhld:--mzl e §t GO
i

il CaPeiaC

sty knk G proal
amwlzm mﬂmmhlm
DE-4

UV-EPROM Ernsar. . . . . . $7495

JEGG4 EPROM PROGRAMMER
8K to 64K EPROMS - 24 & 28 P Packages
Complutoly 1o-Snainingd —. Saqaieas By Modiow $rnss It st
:m... m(m._-mwmmm

it - Oy T M=y L = " Radd

i ey - Mgl Priney W By Lsinllh Pt g 4 PO : Comparon o comprd

—_— Caigluieh. [Pkl - Posmie Pl § 1WAC, o g 100
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EMASARE  SvidAivlsd PR oaWWrlsH dlm $19.83 B e Y L TT % s o
b

KEPCO/TDK 4-0U'|"F‘UT S\\’I’TCNING POWER SUPPLY

» boead for drek, dirkvw resaaie of OO S S
v gt 3 m Ml*!w.ll-nﬂh.
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S 2RI 1N - Veegint 3 Rem. 559'95 sach or
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g. SDuETRIES Profect Yourself..
DATASHIELD'
Surge Protector

Swilching Power Supoty for APPLE I, B+ 3 lie™

= Can cirivg Bour BOREY sk rrvers s LR b UGN @ xpanmeon Carde
* Short circull 5ng Dveriond Drowchon - Fity ingide Apole compute
* Fully reQulpied + SV @ BA #1277V & 1.5A, SV @A 12V & SA
» Dhect PUg-I powsr Cond inchuded « Bite 9% x 39"W x 24H
+ Welght: 2 e,

KHP4OOT (SPS-109). . ... ... .......... $53.95
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7400 (" 74 ALS .ovamciou {Did you receive our
Faged  Pug Pagd  Prp
ACT # ore poia f dacTe of, et )| new 1985 catalog? |
04450 TaD0 3 110 i FAALSOD A 115 | |
LAV 7404 3 (N1} 443 JMALSOA E] 118 | NAME. 5 i
08497 r4rd Fl y 00 44y TAALS2O 1 118 ADORESS.. ...... et e
\osba T 1 |oﬂ ek TAALS 74 i 1 9 }G‘l’" i . i :
STATE
7 i |
74L5 ( 74F YR 2 coox |
Sarrn TALSOO 4 120 ADVARCID $CMOTTEY "MAIL COUPON 10 T
oL TaL302 4 120 EXFis TAF QD z 100 : ”—‘ & o —i
28780 PALSO4 4 120 ) TaF0a e ] USA: P.0. o1 #10d N
23148 74L8T4 ] 1 00 osFar 1aF 08 b 100 cm‘:o';':;"::ﬂ-':l |
LELLT 1408123 2 139 O5F 17 T4FT4 2 110 Rl Montreal, Qusbec HeF mJ
X e > L..._._'_"____
Pug
f 745 "\ ((74HC HIGH SPEED CMOSY (acrs 9300 TTL 4
LIS TAS04 F 100 LLET- TAHC OO 3 120 t lid LEL] L]= 208
03504 74300 z | on ALAEA] TAHTOM A 125 . YAT4PC 245
(%) it TaSra 1 43 1817% 74HC14 t (1]} e 1114PC LR L]
\rg:m 4 L] L] 39 \w:cﬂ: ARG 244 1 130/ g2 25 1124pC L]

Mail orders shipped within 48 hours STORES OPEN AT 8:00 am

MICROPROCESSORS » LINEAR o SR Y]
rACr ’ ¢ LA Pris ACTH N Hy  Pnce
12004 502 .13 08011 sruc 1 1w
12005 0822 10.50 08017 324PC S LIS
o0 0551 102 o4 serc 3 e
LA 502 "2 ok e $547C 3 toe
2017 [TT1] 445 a1l $56PC 2 140
12021 850 ann = ——— —
£1002 ZAOACPUPS (BT INTERFACE
41004 2.00-P10-PS $.59 2a148 SNIS150P 1 s
1203 soes0C .50 s SHTE SN ' 12
12049 8224 1250 w23 SHTSATTP 2 s
UesRL 0204ARC V238 733 SNTRABZAN 2 100
17041 0212 3.8 -
17073 8000 iR CMOS
l?ﬂ?:_ E3 100 oD LTST ] 40018pC 4 1.00
STATIC RAMS 4543 0B40PL 3 100
18048 PLI0V-4SL (PBad) 2% NS % oaTHs aLT00PC 11
10002 PHIAZD (IMed HONS 180 08378 I 3 10w
48003 P2114-20L" (1Rz# 100 NS 2.90 —————
10004 PRIBISL ORebe 150 NS 593 REGULATORS
43008 PAITBISL Kl RIS T - FOLOSAWC 3 100
48050 PSITE-25L" K. 280 WS Lz e 7804UC 2 100
' lowPomer e o 7905UC 2 110
DYNAMIC RAMS 9428 suc F 1.10
apdn1 PLIB4-15 (BAK I} 130 NS .06 LEDS
Gl it AT FELES L 13266 LED-208A (Red SMM) T
130%  LED-220 {1 M.Flad SMM) 7T 100
, oL 1327t LED-210 (1 M-GesenSMM} B g
T AZNS,TE \dr g re 2n LI NP LEDZ24 1) W YalowSMM} B
1004 BAA-TH PG 18 #1n 189 E 1.08
1020 LIIAS-TSHPC 20 Pia 108
1018 BAE-THIOPC 70 Pin a9 OPTO COUPLERS
— 1l MCT2E :
EPROMS 12087 anze 2 1
sg014  CI514-45 (20xB) 430 N8 Inlel Brout 528 1318 AN15 1 1.00
L an0z  CIBA245AKxE) 180 wS V1 Brout MBS 13072 woclonn [ BT
o DA B0 C2708-45 (1KeH) 430 MS 726 13202 wocon 1138
{_) - - il
g " 0 ~ iala ] N} /]
o . - AR i g o
5 [ STORE LOCATIONS:
| RDERING INFORMATION MAR CRDER: A ATIONS:
. Ly - & P.0. Box B4 133 Flangers e,
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ANTIOUE RADIOS
continued from page 89

one if you're in the right place at
the right time. (The right place at
the right time is when someone is
cleaning out old junk.) The price
you pay depends on how much
you want to pay, how badly do you
want the set, and the radio’s age,
condition, and classic value.

Antique-radio collectors will
have more in common with each
other than most other collectors.
Many (or most) will have some for-
mal electronics training. Besides
being able to repair and restore
the chassis, they will have to learn
how to restore cabinets. (Some ra-
dio and TV servicemen may have at
least some ability in this area. Re-
pairing minor scratches or marks
often went with being able to re-
pair a chassis.)

Bringing back the deep rich
tone of an antique radio will be a
satisfying experience. While ev-
erything has its price, a collector
will find it difficult to part with aset
that he as spent many tedious
hours restoring. That’s true even
with a handsome profit in sight.
And those who do a good profes-
sional restoring job can ask their
own prices.

1f you are going to have only one
antique radio, the console is the
only way to go. Of course it will
take up some room. But like ex-
pensive cars, most of those large
sets had better care and less mis-
use than their cheaper counter-
parts of the same era.

There is a market developing for
antique radios for those other
than collectors. Homeowners who
want to decorate their houses in a
1930's motif need all the furnish-
ings from that era. Restoring an
antique radio is not something the
average home decorator can do.
An expertly restored antique radio
is a fine addition to the rest of the
decor.

There is really no age bracket for
antique-radio collectors. | have
often seen antique radios go to
Loung persons who get to a sale

efore me. And older folks, of
course, will feel nostalgic about
having an antique radio that they
might have owned or had at a
younger age. R-E
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ELECTRONICS

TENMAR
32 DIGIT LCD
MULTIMETER

B DC input impedance 10M ohm
B Dioda and HFE Transisior tasts
B Overload protection B Auto
polarily B 2 year limited Warranty

36%@

#72-050
$39.80 (.9

. For

WE HAVE WHAT YOU NEED AT
THE PRICES YOU WANT!

CALL TOLL FREE

1-800-543-4330

{IN OHIO. 1-800-762-4315]

TENMAR '

| 20MHZ DUAL TRACE

OSCILLOSCOPE

Two HI h Guaiity 10:1 probas inchsded.
Bacl D|¥ our 2 year limited warranty.

lcations see MCM Catalog #9
page 1“

#72. 320$38995

TENMAR " COMBINATION DMM/
CAPACITANCE METER

(With Transiator Galn Tester)

W User con astlly read Vohage. AC and DC

curreni, resiatance up to 20M ohms.

capacittance up to 20 microiarad. and HFE on &

Claar ¥ainch, 3w digit LCD display

N 2 year imited Warranty

#72-045
$§74.95 each

a 30 nanoseconds

6 9 morel

PROBE WITH
MEMORY

W Muttl-family compabil- -
Ay —DILTTL/HTLCMOSIC .
B Detects pulses as short

#72-190$1995

2-WAY SPLITTER

W Zinc diecast construction

H Power paseive 89 ¢
(min 10}

N 5-5%00MHZ

#33-070

62" POLYPROPYLENE
WOOFER

u lbgrm Waight:
15

| | Slmnuu Weight

3 Ibe.

B Volcs Coil: 1.5

N impsdancae: § chms
B Powar Handling:
AMSPEAK 450 80w
H Free Alr Res: )0 Mr
H Freq. Rswponse:

10" PYLE WOOFER

H Magnet Weight: 18 oz.
H Structurs Weight:

4.5 Ihe

u \"oi:e Codl: 1.5°

N Impedance: 8§ ohms
B Powsr Handling:
AMSPEAK 75w

H Free Alr Res: 40 Mz

H Freq. Asdponse
0-5500H2
W Sensithvity SPL 1
Wa\“‘l"l'rl METER: 9508 1
H Manutaciures:
#55-100

AWIOCI70-F

9 each

i”g.’.?ﬂtﬂ‘n, spL1 warrn weter: 7 35-058

$13%

$45.90 p
$44.90 )

150 WATT CROSSOVER
{With protection circuit)

H Build your cwn high-

quality 5-wiy speshed

1Y sipm. H Thirds unite

can handis 150 waits

AMS arwd teatur B byl-

In protection circull,

W Same croasover

uked b Jensan'y

System B H Crosaover

Points: G-300MZ. 300-1800HZ, 1600-7KHZ, THHZ-up:
reas b lrequency TKHZ.up. B Twa L-pad controle
Inchuted for UPEST dnd requency and high
fraquency Bl 12 dB octivs Bl Comes compiels
with hooh-up wirt and Instructons

#50-170 $19

Wo Also Hava..

=% haa e ol 1ost erpment

BCCHIIDNES D8NS
Imwm Pybacks, y(:lt!\.“mdm huies lmps
CAPRCTIONE (FSEOFY, Al wag CA

TV squiamen
and ﬂ\ln; mots Cver 4,300 Hems A\’ THE LOWEST PRICES

POPULAR
REPLACEMENT
HI-FI TWEETER

H Phenollc ring design

OSCILLOSCOPE
PROBE KIT

-
-

H Bandwidth: 10:1 position:
100MHZ a1—3dB into 20pF
H Alve Tima: 10:1 poallion
lexs than 3.5, nominal

H Kl containe: 10° earth
lesd, reiractable hook,

Ic 181 tIP. Insulator.

BNC sdaptor and

rimming g0l

#72.010
$26.95 :1.4}

5245

usad in hundrede of

domesiic aketr Byilems

H Trim profite 1or sasy mounting in tigMt spaces

H 4w diametsr B 10 wail power handiing capscity
H 3 oz magne B 2K-20K :l ohml

#53-020 $4.20 (1-3) 2(20-upl

BE SURE TO
CALL FOR
YOUR FREE
128 PAGE
CATALOG!
QVER 4,800
ITEMS

Terms:

& 515 swtmtas prisi 37 B £ R B b ke T3

* A s g Gl

® (vl wivpped UFEC 0D

* Mot ariern shapperd ollen M buinerk

o Baden +lhc gt 83 2w 03 B0 PR Saurdave 90
il 3 ERT.
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& Foa propasd anbirt S 12 40 W pligpeteg Sl Rulvuiliuing

AUDIO TECHNICA
CARTRIDGE
AT11E

H Bl-Asciia) {wliPticw)
diamond atylua

H Thin-wwl fubuiar
stylus canlilever

B Excallent
replacement for oider
cartrisges

H FraQuancy responas
15 to 25,000mr

B Trachking force 1V to
2V: grame

B Audio Technk:a No
ATIE

#39-020 $9.9S (1-9)

ELECTRONICS

B58 Easl Congrass Park Drve
Cardensia Oheo 45459
SRR SOURCE NO. RE-6
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74LSOO 1984
s THE IC MASTER

TdLgts
Your ticket to fast and

T4LI12
FLIT1ER] :
easy IC selections

TALEVIE
ik
COMPUTER I

PRODUETS. Hishie
Inc

ORDER TOLL FREE

(800)
038-8800

44 3+

L =™

ICALIFORNIA RESIDENTS)

(800)
848-8008

roomw

$89.%

INTERFACE CHIPS

s ) m,, . . N
L) (I LEH mns .1
i H Ll R § |
e n [} F IR | )

n

STATIC RAMS i H

541 4 450w}

280 ) 4 (450w |rmee]
1084 1 1 |450w)

1024 1 ) [46Dua} LMY

1N 1 | 250w 11 CRYSTALS

200 1 4 450w 1.0000 WN; . T L T TR Y]
281 4 {{50m)

19241 4 [4boe] o 1M1 W T MM 1M

HOTd 1 & {250wm)

[F ] . E000 Wiy
1004 3 & (d80mi LB

T i INTI AN .. 20
1624 1 4 [260xz) LAY ase . :;:“ ::: A
i:i! 3 f 4% - HIEE : . o 15705 W
4098 1 1 1S5my T4EI 138 1N N séealin:

@1 1 (b} f i D 1:: L o
{510 1 1 Bt , CRT CONTROLLERS I (e sen

5 5 T 0000 WY
1624 1 6 D50 L] 1m BN TETR S ] s N .o T

2840 1 ) (140 . 1 FE TR TT] I : . . &1050 WEz .
THMZ014-180  2H4D 1 D [1Hbam} : . M X
TEEINIEIN 244010 Enm . QAR nis il i BosuL .., 2

[LReT N | TRR ¥
12000 M . ... 2 98
(ES1EEN | TARN Y 1]
THiN NN .. 298
LT LN | TR ]
1AL, tn
TGS WAL ..t
[{ X3 0 | TRRS N | ]
1M Nl ... 295
WM R ... 10
TEITGd ML .. . PM
bif N I TR ] ]

133t P P L PR S Itk 33 i3 3T )3

ABOI1-4 TR 1 fome) 175% 005 W Wi s i LI a: .t

1791 a5 AN I v i § 05808 W .. L T T
i S e - S ne o N e 1 — L 1000 N 28
240 ¢ § P (rewt! 1 i 1 - mn ] . . Gibhe My ., BUaNIR....1n
943 1 0 (18 Ba] emeail 31T Hny Ha e (B30 | [ R HNM UL .. .M
2040 1 0 (120w fcmualiLR DY SPATT TR PT
10219 111 ot NTROLLER
3 L
BBALHIPIS  §107 30 (IB0mlemme] 43S DISC CONTRO S Ao ml‘:'.'o MHZ
P = LiwPowee  Giwt = Quaai-lutk :;:: e :::; : :;:: L ML [ CRYSTAL CLOCK
1103 02 Zhseatl - R IATY OSCILLATORS
L ’ mene LI it FREMENCY Mt
DYNAMIC RAMS i Ioniidani s getan.. M pewen L T -
Tadu? 08 1 | o im o ] . . FTTTRT T, 2 1Mt 13412 MN; i
»0dll 4898 1 1 {300m| e N 4167 . 0544078 . 100 20008 Ry 138
R S e
L ]
8102 1 0 280m| QUV-T8/1 : 2iLoa Tasod 100000 Wy T
16284 4 | o - P ) T 160000 Wx; [T
b EPROM Eraser Mot il e Ihat it e i
85838 1 | 230u| ZOR-0ANT L 1Z08 B e w
45534 1 1 (200w 139 P~ —— e VA0 SIK: e
5536 1 | [160n] 134 il prd )] (1]
i DIP SWITCHES
51 = fagh § 30 Sa3y . 2
EPROMS VOLTAGE REGULATORS
3501 M ey i 14581, U TR T O 11
1224 1 8 (4500 . ! 74M05¢ B TR T
1824 1 0 145008 15¢) LT ey 8 o N
2046 5 ) (459a0) [3e) . {1 mn "
2048 1 0 (3500 1S " r THIST. T "!ﬂ' H
;“: k : ::::::; L. QUV-T8/1 Economy Model: 3 J 1ozt T S
40 1 0[S (30} Low coat EPAOM eraser in plastic en- T N .M
L = 150} ilsd closure. The LIV element ia in the lid : 08K s Td
Wi HHm and youpiace the EPROMS in the bot- K, 134 18
0102 1 B (45008 [In) b tom hall. No timer or switch option ;:m:.. 3 i: ;:
310 1 1 reond oo ® Enast 1y b 8 EFRONS w16 - 20 mantia, Y 2 SO0TRE - : i ) o 1]
042 1 0 [{304n [5 * 12,000 t 17 dist . k Tonesk. (1] At
DIOZ 1 8 {63003 (Bl (14 gl ml S :vw'": stiTdiptance. [y 1 rotEy .., . BT T AT
man 18244 2 0 Cub 19 ay Warranty 95 ¥ POSTIN iy CT=T0220 K=T0-3
e = Nloghe § Wikt By 49 . L=T0-92
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IC SOCKETS

{t to 90

Do OT.. R Il we. ... L
i . Rl (91, P -
TS .. AV g, »
B 3T, N o ueew...... B
W W A0 teww.... .. 1M
T e T, i neww.. . LM
A pn OT. . 2l MpgaWW.. 144
W T . newr...... 1M
(LY X | AP @ oWy K
3T = Soidertall WW = Wirewrap
ZIF SOCKETS
(L] ¥ | SR (1]
L1 F | S .1
!l#m .............. . "

DISKETTES
514
- ATHANA -

8S/SD...... 15.90
SS/DD..... - 16.90
DS/DD..... . 22.90

SOFT SECTOR with HUB RING
BULK 5Ya” DISKETTES

{NO LABEL)
SS/DD ... 10for14.90
TR0 Up .k .as ..139.00
(Litetime Warranty)

The FLIP SORT™

The new Flip Sort™ has all the fine
quatities of the original with some
added benefits: a new design
and S0% greater capacity. Holds
75 diskettes and the price is now

lower than ever— $46.95

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

Sort Famity— $24.95

&

MEMORY

EXPANSION KIT

]
!

7

4164 150ns
9 for $45.00

MULTIFUNCTION CARD

& B4k w H4K AN
& Paralial Purt

& Sertal Port

& Cloch Cadendir

o Seitware (scludal
& |-Yaar Warnly

$249.95

MEMORY CARD
‘A

i
N

& Egpandabie tn KI2K
« Fully compatihls wilh 1EM nitwre

& Fulty compatibla w/10M dlaganatic wikitian
& forlal Puet Avzilakla

& |-Yasr Wyrraaty

$199.95

—VUTEK—

Color ¢ Parallel ¢ Serlal
Card

& Foll hii-mapped Caler Eraphics

& Priater Part LPTI, LPTZ. LFTY|

@& Larlal Part [Coml. Cam2|

& [OM PCXT 304 Portsdle compatible
& Full 3altwure campaiidillly

s Flighl Simulater
« Foll 2<Yaar Warrenty Parcte 30d Lahat

$299.00
DISK DRIVES

Teac FO-358 D/0C

KEYBOARD EXTENSION CAGBLE
$19.95

IBM ACCESSORIE

L S—

¢ Compatitia with Lotes 1-2-3. Mrlt-Plas

Toedan TH100-2 0/00. 199.60
189.00

APPLE ACCESSORIES

BO Column Apple I+ .. 140.95
BO Column Appl® IIE ... 120.05
IB0 Apple % ...... _.... 89.00
ZBO Appls WE ............

VB Card L2 iy Mt ook

Coolln® Fan ...
Power Supply ..
Joystick ........
RF Modulator ,
Disk Drive ,..............

micromax

VIEWMAX-80 I 4 g 95

€ 80 Col. card for Apple I+
& Video Sott Switch

¢ |Inverse Video

¢ 2 Yenr Warranty

GO0 58 o el Rk v 7.95

APPLE COMPATIBLE

JOYSTICK ? —\

PR
COOLING FAN

3898
i
Ik,
¥ IS

APPLE COMPATIBLE
POWER SUPPLY

VIEWMAX-80e I 2g95

@ B0 Col. card for Apple IIE
¢ 84K RAM Erpandshle 9 120K

64K RAM Upgrade  40.00

Reg. Power Supply
Model 4A/PS (99/4)
3 DC Qutputs:
12V @ .44, +5V @ 1.1A
=5V @ .2A Highly Flitered

6.95

e f
L o
& Powers Appie typs systems T

* +5V@5A +12v@3A TERMS: Mimum crder $1000
—5v @ .5A ~12V @ .54 For shipping and handing incluge
* includes Inatructions $2 50 tor UPS ground or $3 50 tor
- UPS Blue lar) For each adamonal
AM - ar pound, ado $1 for UPS Blue
1E:K2I-=‘!r"r“(;.:.ardn Apple I+ it R BB Colhier
rranty tesdents must InClude 8% sales

b 1ax. Bay area and LA resigents in-
i - chugde BN sales tax Prces are
¥ L subject (o Change without nance.
P O 9

We are not responsibie for typo-

Faphecai enors We reserve the
Assombied & Tested .... 39,99 nght 10 mt quantihes and 10 sub-
stitute manutacturers Al merchan-
dhise subject o prer sale

APPLE COMPATIBLE "CALL for VO LUME Qugtes |
DISK DRIVE HOURS: Mon - Fre 7 30 10 500

Saturdays 100010 300
VISIT OUR RETAIL STORE

2100 De La Cruz Bivd
Santa Clara CA 95050
{408) 98B-0697

ALL MERCHANDISE IS
100% GUARANTEED

Telex: 756440

DoKa

199
# Shugen mechansm. mads i 1 S.A.

# Directty repiacen A0 Dk il

# Fully compatbia with Appie Controber
o ofw Appie compatible controllers

» Ong Yolr Warranty
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CPUT & 0 BOARD B M EDGEBOAAD CON 198

SUPPORT CHIPS L oW 1L ol ol o £ ok g
M. TPU AT Y INTER AN RO ... 5195 16 18 EOG I BOAR D COMY 140 TAPE STREAMER
BOEE R | ST e W [ Emrmm e e
L] 4 1 b Ml 13 LY H
e D 5 TE % i 10 B @ 1| Meenseoncanicom 1% continued from page 62
meas Cloea oy e OAVERS | S e T a0 mo rae| MheMsoscamacons am
AMDISC B BTH 1M AYVEIDIMA 1M T N RO Call ) oMK 1w
A0 B0 0 Fap A0 O HOK) 740 g - H
% s A2 i E‘E“'“" u ] T T8 ee 101 s RaRRIR Al 3 clocked into the shift register. At the ter-
S e e | gm m % w“t:u:ufl_s_n_)f BREClaLSs i minal count of eight. g1 again goes high.
e v e 1 LI T T 178 PR & 10 770 - and the operation described above re-
WO W miB 110 wov 2 a1 39 ) TEMPGRL - H
R i NS nanie o 'a wn BIEELD L 3] peats. The g4 output is also cw.chcte_d
Doy mm dme e ko e | M0t @ Gu D own aoan | aMW u2]| through RI3 and C9 10 IC2:-b, which is
R A ) S feees o] o ﬁ E =an e w “&?-’3::‘3' ”3:5 connected as an inverter. When the inver-
SHA W rusorme S g 08 AR I ;m"”..‘to'gnﬂlnuu N ter output switches low, it is differentiated
2 fyrhy IEE poix e ol oo & ose m| BEINVCS, "5 by C8 and RI4, producing a negative
REGISTERS Controiiers nom o o om s A | D OY e pulse on the UART toaD input. That
™ -4 " - A n e

ey Am D7SC.OM 1. 700 | ecmasm an a wr w o= oo SN0 s | [ causes the transmitter shift register to load
amitdd 17 1T B9 1T, 100 | MOITAR e 4 o Dﬂl.- L\sﬂ_nn.uwa 5o p
waci im0 ewred aon | ol g # e B QQUD _,_-,g;;ggm_ L the dawa from 1CIO. and then to com-
i e o M a0 e U O BT i aecs TOS R menee its transmission to the computer.
e, : ;
mno s RAMY = B e < S The NRZ output from the UART 1rans-

Rows . IREY 0 |MMEwRar fwco @ on 8 wm oo 2@im] TTLCSEAIES we 3 mitter is conditioned by ICl4-¢ and wan-

i T EE:E; i:‘: ‘;_,,M':?n MOWT % on % we w 4w N oo e » :E: - si1stor Q‘ to invernt the data (RS-232 is
o M i m';; % e SERIESR g | FoZess Siam oy nm 18 lpw:ned) andtosmqg positive and nega-
1N T n e« L s il o el B R T e tive levels, also required by RS-232 con-
puidpel o ""‘“’mm’o.: 2o |CAVITALE | T3S R IET TR mom am | vmr & e i 2 ventions. Emitter followers Q2 and Q3

- WCAONS- b - - .

o R ] " e fwe 4 g < £ MR LIRAID LS| 0 0 B T e 1 function in & totem-pole configuration to

oo - . - .
i‘um:: 3}3 ;-:-:.'-‘L EE imriwo | Jan W en @ am [ N & m give current drive without unduly toading
wuns am moer 20 (RN Nen R wm m e i | NE D B onmom the supply when operating into a high

i LT R B oo | rax  w ram p ant 120 | M owome e D% -
gy e RO AR o T ] kT o N W e W :::: : lmpedaﬂcc-

L%, M 3 d E .

Aoz _an 3o0se f 0 2 EI:: n oumoan | N OR un 'R MA@ The indicator LED's are wrned on

rafs1 W11 M M X i A i . . 4 =
M M oD 80 NWT ® when a bit of either mark or space sense is
Mw ' H . 1

facoeta 1n Lumo 10 Lwio e | L 04 $100 prangodl [ -t R received from the tape. That's accom-

man ik lwme o lew e | V8.8 T e on o R um e plished by anp-ing the data lines from
L - - -

o ke s R o o | M180T SR bboialll [ IR E R [C8-a with the clock line from IC9-a, as-
licinm 1 Lews 3o iwmm . a | 1S oomfe 1 mmen | S en BN ow suring that, when an LED is on, a real
Ahin ¥ Ak st N Caa0l N ) MM M MM W iy 1o o -

Deme W s om cammar bee [ TISTINFET .. s 45| s ®oewm w VG data stream is being processed. When
am :.’: Cocan 1n et Ui OIo0Es - AR e B B w0 ﬁ :E daia is being decoded, both LED’s will

INIB20P FET § 45 H e o L = -

i .a =, s w““':: :§ 2ua8z0P PET . - 54 R flicker dlof.l h:ﬁglt:c_ralc. gglng the ZI?
LMEpE -, _*HO : LA - DISC CAPACITORS mamncc lngon- unng i Lelss
ust @ omomoaw e | e 041 00 01850 time, when the NRZ data would be mark-

OIUF WY 16R1.00 1% MUMC 30 74 Bi08 AQ TLSTT B . F g, 0

TS e A IR T - S i g v B ing. only the mark LED will be on: if the
um e st 0 s i S s ) REL O B0 tape is bIanL‘. neither will come on,

TOGOLE W0t —im 3 jiide 0 rairads yaa While we've talked a bit about NRZ
ETCHEEN ol o o e s cnii E iﬁﬂ: @ Teizea v and Manchester encoding, we haven’t

MU AR .

INA14B{INS14] .. ... 15/1.00 n E rim: E really explained how they work. We'll do
1o e, o0 s M @ aine ® that next time. And on¢e you understand
$§'E'§,‘."“ml'%'m m' “m“ ———r Rt e ' what the circuit does. we can go about
WED GAEEN BPOLARLED . 8 B0 2 miw mousied | building it. We'll present foil patterns and
e e B bl o e T o BT o s s full construction details that will make it
FAAD 1A PR TO DAKL XN ., X m 17 o X 100 R0 MUY M oMl @9 MEEm) W
HCTI OPTOSOUATORS . . o] e W e e ue [ ® mse e mume w casy. R-E
1 WATT ZEHNERS 13 47,80 5488 @ 0 x oo one ww [P 2 NG R LSNP
G201 101215 Markv. ... 4100 €0 M X D 1 KO wo n:; ¥ raiwd B m.un::

e X L3 15 I RE A bl ¥ auliwa T MOLIF 3
— ALAAD XD L BRIV ]
DIP SWITCHES REGULATORS MLy M iV TR TaurEN W

cTs 200 4 aposTion 76 [Nz, ra wmwm ww PR G aeiein e 8
TS 200 7 FPOSITION 85 | aaior o0 e vaomin w02 | Sav el T ainafier
CTS5 206 8 BPOSITION .55 [ ™eTR 12w Thodw MY § % oy upe a0 MR B MU X
TS 20810 10POSITION 1.26 | 1% Uaveoms 1% Catvarnerzvas s |17 B lndwi 2 rism o

MLEED) B MU K MLEMND i

BPIN .o DIP 22PN 25 Mz X MUNI 8 e 700
WMPIN 15 SOCKETs 24pin 25 |  TANTALUM CAPACITORS [ome s musm 8 siiwe w0
BPIN .18 28PN 35 | ZVFBV Sm sofey 3o RSE 8RR o dhma
18PN 20 AWPIN 40 STUF ISy 5100 JOUFEY S0 MU S ase A MMM v
0PN .25 MUY L0 zgFisy S0 ,’:';: : nt:,}:' 7 aser s

e WWF2y S0 $7UF OV 8 fuagio o r«ﬂu; = .
et | 2oy 001'%)55 izmurg SN0 sMuFily W00
-, 0 A F 475100 -

s vray sare awurmy w TR TURN TR POTS
18P0 & | DBCONNECTORS | 4oiiiow 8100 . S0GHM Bx
WrH - W losw w200 Daye ar00 o TOURIOY SLTE ) 00k 3/82.00 10K

PN — 110 |ogw 3300 pema ssoa] IOVFIOV . 1000 OH M K
g:‘x ‘Tg wOODS 8110 ook Biiof| ZAUF v — 8 30

POATAGE AATIS TERMS PO CAMBROGE Mads SEND CwlCa  S6ND 5 2% 008 DU CATALDG
ADD PR FORM DROERS UNDER 125 (0 OR monlt DROER  whenkiohd HLUEPe0n]  ATUAG TRAMSSICRS &
ADD % £08 ORDERS BETWEEN 125 00 & 900 00 COD MMACHASE ORDIR Of CHARGE 33000 SICTadAS 0 HAMPES NI
ADD T FOR ORDENE ABOVE 50 00 iar b GRAN, CADE R 3 D0 ST CAMIRIOGT mARE AV M

SOLID STATE SALES e e e

P.0. BOX 74D b ety i

P
BrAWLY

“I'm afraid that your comurer has a ter-

SOMERVILLE. MASS. 02143 TOLL FREE 1-800-343-5230 atinal iliness.”
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WE HAVE QUALITY PARTS, DISCUUNT PRICES AND FAST SHIPPING!

TRANSFORMERS|RS-232 EXTENSION

110 vt

6.8 VOLTS @ 700 WA
#VOLTS @ 150 WA
12 VET o 790 A
WY & 50w
HVOLTS &1 4 e
24 VOLTS @ 780 WA
HYCT B 1400

S LINE CONNECTED
LINES ) THROUGH 8 & 20
ONZS MALE TO FEMALE
10 FEET SHIELDED
$11.00 EACH

CONHECTOR

<&

& COMDUCTOR iy-LINE PLUG
ARD CHASSIS OUNT JACK
TWIST LOCK STYLE SAME AS
SWITCHCRAFT 12015
$1.50 PER 88T

MULTI-
SWITCHES

TRANSFORMER
WALL

Gy

LD N
won

$2.80
"0
$3.00
.00
050
$4 00

AVOC @ 70 WA

5 YOC & 100 WA
§YOC @& 300 WA
EVAC @ ) ANP

15 VAL @ 300 MA
o VAC YA
17 VAL O 300 WA

3 STATYON
NON-INTEALOCKING
3- P07
EACH OPERATES
INOEPENOENTLY,

'rnulmu.s
GREAT FOR s»ﬂm[{l ENCLOSURES

SPRING LEVER
TERMINALS
DN.ASTUlDr
e
OR POWER SUPPLIES
$1.00 EALH 10 rOA 3ROD

INTERLOCKING ASSEMBLY
34" BETWEEN
MOUNTING CENTERS
$L50 EACH

5 STATION
NON-INTEALOCKING

SAME AS ADOVE, EXCEPT
EACH SWITCH OPERATES
INCEPENCENTLY.
$2.50 EACH

METER

7 CONDUCTOR
RIBBON CABLE

SPECTRA-STRIP RED MARKER
STRIP 28 GA STRANDED WIRE
$5.00 FER ROLL {100 F1.}

0-15 v.D.C.

CONNECTOR

S01LOE R TYPE SUB-mlNIATYRE

SUB-MINIATURE |~
D TYPE

2K 10 TURN

MUL Ti-TURN POT

wj SPECTROL

EMOD SM.T161
15.00 EACH

ACCUTRONICS CONL SPRING TYPE UNITS, USEDIN
ELECTRONIC DRGANS TOPROVIDE ACOUS
SOUND EFFECTS (NPUT MPEDARCE B 0K MS. OUTMIT
IMPEDANCE 2250 OHMS 4'4" & 164" & IV

T, DELAY

FOR T.I. COMPUTER

TE = UMIMIL-] DESIGHED Fow
WTH T | COMPUTERS CAn BE U

USE
D WiTH
% BUILT-IN AB SWTOH

il ]
CHANNEL 3 Ot 4 SELECTION s\mcu.
QPERATES OH 12 HOOK UP OHAGRAM

voo
$10.00 EACH

COMMECTORS USED FOR
COMPUTER HOON LIPS

DB-13 PLUG
0B-15 S0CHET
0B-153 HOOD
0B.25 PLUG
DB-2% 50CKET
P25 HODD

PUSHBUTTON

POWER SWITCH |
A

“PARALLEL" |
PRINTER
CONNECTOR

DOUBLE POLE POWLR SwiTCH
PUSHOM, PUSH.OFF
$1.00 EACH

EDGE
CONNECTORS

ALL ARE 138" SPACING
10 PIN EDGE
CONNKECTOR

SOLLER STrLE
36 PIM MALE
USED OM
“PRRALLEL"

ngl? 3‘ i
o3
mtl.l'r! ruﬁ
2 CNANNEL

LIGNT ORGAN

EASILY HOOKS INTO STEREO SPEARERS
AND ALLOWS 110 VAC LIGHTS TO DANCE
WITH MUSIC. TWO BEFARATE 110 VAC
OUTPUTEFOR HIGH AND LCOwW FRECHIENCY
AUDIO SIGNALS UAE TWO ORGANS FOR

STEREQ.
8.5 PER UNIT

COLOR LIGHT STRING AVAILABLE 51.73 BA

FREE!' FREE!
LINE CORDS
-

TWO WIRE
& Vg TWEEWIRE

I FOR 100
THREE WIRE
1B IHCH 18ge THREE WIRE
2 hor $1.00
B FODT iga THREE WiIAE
$2.00 EACH

SOLDERING
IRON STAND

FREE!

ASSEMBLY
5 KEY
$1.00
EACH
CONTAING § SINGLE.POLE
HORMALLY OPEN SWITCHES
MEASURES 3 114” LOWG

DATA CABLES
5.50 EACH

1.D.C. MALE
SHME AL AROVE .
| E——

* wiLL
- DPAELS
i FIT N

STAMDARD

RIBBOH CABLE

SWITCHES
MIN)-PUSH BUTTON

SPST MOMENTARY
HORMALLY OPEM
1407 BUSHING

Wt FACH

10 FOR 53 28

100 FOR $£30 00
SPECIFY COLOR

RED BLACK WHITE

SEND FOR

RELAYS
SOLID STATE RELAY

HEINE MARHM ELECTRIC

#1075 140- 5 AMP CTI0,
Conrroy 3azvoc  EES |
LOAD. 140WAC & AMPS
SIZE XX 1K W HIGH

500 10FOR 34503

# KEY
s 2%
EACH

CONTAING 8 SINGLE-POLE
RNORMALLY OPEN SWITCHES
MEASURES & 174~ LONG

OC-OC
CONVERTER

MINIATURE
8 vOC RELAY
SUPER SMALL
SPOT RAELAY
GOLD COBRMT
CONTACTS
RATED t AMP AT 3 vDC
HIGHLY SENSITIVE TTL
DIRECT DAWE POSSIBLE
CPERATES FRACH 43 TO
& v, COIL RES 730 OnM
LT LR P
ARCIMAT » RSO-8Y
$1.50 EACH 10 FOR S350

DF. ED T0 PROVIDE &
=3 VDO @ 240 Ma

ﬂtw.ls.lntmf PPLY

OF3I5T0625Y

PRI SRV
‘ 1 116" HIGH

$1.50 EACH

. 13 ¥DC RELAY

| compuTER

GREEN YELLOW

48 PAGE CA

GRADE

CAPACITORS
2,000 mic. 200 VDG
12400 < 5 HGH  $2.00
3.800 mid. 40 VDC

13/0° DA 13 3A4°HIGH  $1.00

Thw 250-10420 $2 00 EACH

48 KEY ASSEMBLY FCR

T.I. COMPUTER

SOLID METAL FRAME 4°X 97
$8.50 EACH 2 FOR §1100

W16 HOLE  pED LENS

[8%ok $700
100 FOR 3563 O

18/38 GOLD
BOLDER EYELET £2.00 BACH
22/44 TIN

r'ﬂm MOUNTIMNG EARE
$1.30 EACH 10 FOR B14 80

PG, 5TILE
10 FOR 118.00

28/58 GOLD
2055 GOLD PLATED CONTALTS
196 CONTACT SPACING
£2.50 EACH 1OFDR 422.00

TALOG FREFE'

SLIDI'Q POTS

100K linear tape
I LOma
138" TRAVEL T54 EACH

500K lineer taper

1 B LDMG

1 34" TRAVEL Tie EACH
DUAL 1004 sudlo taper
31727 LONG

2 172" TRAVEL §1.50 EACH

8.400 mta. 0 VDG
1M 0 =8 1A HIGH S50

22,000 mta. 40 VDC
7 0k = B HIGH

31,000 mid. 13 VDG
114 08 = 4" HIGH $1.50

CRYSTALS
CASE STYLE HC3U

COLORBUAST
2 MHZ 579 45 W

$3.50 EACH | $1.00 EaCH

GEL CELL

12 VOO & 1 2 AMP HOUR
LEARENT I F RV &
$15.00 EACH

FREE! FREE!

L.E.D."S
STANDARD JUMBC
DIFFUSED

RED 10 FOQR 5150

GAREEN 10 FOR S2.00
YELLOW 10 FOR 5200

FLASHER LED
& VOLT OPERATION
RED JUNBO 5i1TE £
00 EACH

A

B1POLARLED
1FOR11TO

LED HOLDERS
TWO MECE HOLDER

FOR JUMBO LED = @
16 FOR #8200 FOR 11000

CLEAR CLIPLITE

72,000 mid, 18 YDC
2' O« 4 M/ HIGH

185,000 mid. & VDG
1T Db o 4 1727 HI0H

$3.50
$1.50

CLAMMY TO rry CAFACITORS BN bk

METAL OXIDE
VARISTOR

GE FyR2IAD

50 VOLTS MOMINAL DG

YOLTAGE 58" DIAMETER
2FOR 5180

CONTACT SPNC
10 AMP B 100 VAC
ENERGIZE CON TO
OPEN CONTACT

POWER SUPPLY W/ PRE-AMP

THE SUPPLY WAS USED TO POWER
AN B TRACK/CASSETTE UNIT. IT
WILL SUPPLY APPROX 18 ¥DC AND
[* INCLUDES & SMALL PRE.AMP TO
BOOET SIGHAL LITVEL
RCA PLUGS FOR LIE IWDUT.

TOLL FREE ORDERS DNLY

1.800 876.511)
IOROCER ONLY)
jIN CALIFORNIA® 1
ALASKA HAWAIL
OR INFORMATION
12130 380 BOOO

COIL 13 ¥DO 850 OHME
- 14 pin gryle
ur'.
190 volt # & Goul
Rpacity ool vonACe

SPECIAL PRICE §1.00 EACM
« 3 pmp Contacts

& Uked tir Iully lesisd -1-
LAMGE QUANTITIES AVAILABLE

$4.50 EACH

905

b 6228 SEPULVEDA BLYD.  ¥AN NUYS, CA 91411

MINIATURE TOGGLE SWITCHES

ALL ARE MATED §
S.P.D.T. S.P.
{on-on)

nn READED
BLEHING

The BACH
10 FOR 3T 10
SPODT.
{on-ott-on)
NON THREADHE D

BUSHING
P C ME

HOL

100 FOA

4 PDT RELAY
~MwRde o
$1.70 LACH
BOCEETE ¢ 0ON BELAT 305 pask

1] tou sroo 00 EON

ALL ELECTRONICS CORP.

S VEAMONT AYE  P.O. BOX 20406

D.T.
{on-an|

DER
TERMINAL S
Vi RACH
W POR 4 00

LOS ANGELES, CA 90006

AMPS @ 125 YAC
S.P.D.T.
Jon-ott-on)

LG SOUDEN LUG

e 100 #ON

D.P.D.T.
{on-on)

3CLOER LANG
TEAMINALS

LS RACH
10 FOR$1800
100 FOR $10000

10 O}

mw

Kt

HDLDER
MAKE LED & FARCY

4 FOR $1.00

INDICATOR CLEAR.

AL
N‘OUN"ING CENTERS

?oz'r%% E;g"oo

SOLID STATE
BUZZER
STAR »3mB DEL
6 VD
TTL COMPATIBLE

$1.00 EACH

Quan
KIraMLE DROER 510 00
US4 52 50 SHIPPING

10 FON $9 00

FOREICH ORDERS

CIRCLE 107 ON FREE INFORMATION CARD
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PARTIAL LISTING ONLY- PLEASE CALL OR WRITE FOR FREE CATALOG.
STATIC RAMS

2112
2114
2114.25
2114L-4
2114L-2
2114L.2

TMMIN148.200
TMM2016-150
TMM20186-100
HME 1 18-4
HME 118-3
HME1 1OLP-4
HME118LP.3
HMEZg4P-1%

4118-250
4118-200
4118-1560
4184-200
4184150
TMSa154

266x4 {450ns)

1450n8)

{250na)

{4500l (LP|
1300na)(LP|
{200ns)(LP}
{200na)

{150ns)

1100ne)
{200na}[cman)
{150ns)(cmos)
(20Cne)lcmonl[LP)
2043x8 [(150neHcmon)(LP|
B192:8 (150neHcmonl(LP]

LP = Low Pownar

1024x4
1024x4
204908
20438
204818
204829
2048x8
20488

&
2495

DYNAMIC RAMS

18384%1
168384x1
1638421
28536x1
65536x1
65538a1

(250ns}
{200nal
(150ns}
(200neHE )
(1508} 5v)
(150asHSvi

v = Single § vall Supply

EPROMS

10248 (4500a)
20438 [A50ns}{Sv|
204828 (350asMSvi
4098ud (450na}(5v]

4095x8 [4BOns}Sv|

4096x8 (400 SvHI1vPGM)
409623 (IE0nsHSVHZIVPGM)
409628 (250naHSvHI1vPGM]
A4096u8  (200ns){Svi21vPGM)
B192:8 (450ngHSv)

A192x8 (250n8)I5v|

DISK

1™
1291
1783
UPDTGS

INTERFACE

oPsl0a

cLocC

MM5314
MMS5I85-

MMSBI16T
MEM5832

74LS00

74LB187
TALB 153
T4LB 180
7aLE101
T4L8183
TALS 184
74L5185
TaL51684
74081653
F4L8173
7418174
TALS 131
T4LE192
Ta4L8193
FALE1S4
T4L5196
TALE 157
FaL5221
TaLE240
TaLE241
TaL5242
T4LE241
TaALSZ44
T4L5248
T4LEZ51
T415251
TALS2ET
TALSIH8
T4L5289
74L52680
74LE268
T4LS2T9
T4L5280
T4LS243
TAL5290
TalL5293
T4L8399
T4L5323
74LBIBS

741800
FaLBO01
F4LBO2
F4LE0]
T4LS04
F4LS05
74L808
J4L805
J4LS10
TaLE11
T4L812
T4LE13
T4L514
740820
TaLs
T4LE28
TALEZT
T4L822
74L8]32
74L8237
741534
TaLB4O
TaL542
TaLS4T
T4LE51
TaL573
TaLATa
T4LSTE
J4LE76
T4L5A5
T4LSBG
74L590
740592
T4L393
74L3107
TaLS1D03
T4L5112
T4L5122
F4L3123

e i dla
D0 WD WD D 0D
A G A G LA O TR LA

175

CONTR

15.95
23.9%
2395
19 95

K CHIPS

4.95%

B192:8 (200ns)(Svl
1628458 (250nsH{5vl

v = Singie & VoIt Supply
HvPGM = Progrem al 21 Valls

SPECTRONICS CORPORATION
EPROM ERASERS

Chip
Capacity
L

x ;]
x )

7403124
T4LE125
TaL5128
T4L35132
F4L5138
74L%138
T4LB139
Y4L5145
TaLS 148
TaLS 181
T4LE153
74L%154
TALS 156
TALS 158

TALSI6T
Tal5368
T4L53TD
74L5374
TALEYT?
T4L 5390
T4L5392
TALSEAD
TALE845
TALS870
TaLS682
TaLS 683
41LE55

2BLS2621

DATA ACO.

ADCOBGA 3.49
ADCOBOY 4.4%
ADCOB17 9.95
DACOB08 2.98
MC1403L8 2.95

SOUNDCHIPS

15477
Th438
AY1-8910
S51262

****HIGH TEGH**** LINEAR

D7220
Gnapmgs DISPLAY CON ROLLER “32 fﬁgg;
* FOUR MEGABIT BIT.MAPPED DISPLAY MEMORY 45 LM566
* DRAWS LINES. ARCS. CIRCLES & RECTANGLES AT 63 HNESS2
1.2 MILLION PIXELS PER SECOND 1.2% LM73)
1.75 UM
84 LM747
1.19 LM1310
1.95 MC1330
149 MC1372
495 L1458
59 LMI1488
L1485

Z80-S10/0
4.0 Mhz

Iniansity
[uW/Cm)
8.000
8.000
9,600

74500

74300
74502
Ta504
T45058
T4508
T4510
T4511
Ta520
74532
TAS3T
Ta57a
74586
Tas112
Ta%5124
Ta%132
745123
745128
T45129
Ta5140
T4%151
T45153
Ta8157
T45158
TaB161
TA51813

Z80A-MO 95
I80AS10/0 10.55
6.0 Mhz

230B.CPU

Timaer
83 00
119.00
175.00

* 200M. PAN, WINDOWING, ANOD LIGHT PEN
CAPABILITIES

= DMA TRAMSFER WITH 5257 OR 9237

* UP TO 1024 x 1024 PIXEL GRAPHICS OR 258 & 100
CHARACTERS

% % % K SPOTLIGHT % % % %

UARTS

AYS5-1012

CRYSTALS

31. 768K

[P

L, . =r
Booggosis

BIT-RATE
GENERATORS

BR15341 11.95
4702 12 9%
COMB116 1095
14411

119%
MISC.

755
495
11.95
15 9%
19.9%

-

MCa0Z4
MCan44
RCA138

a3

-k

745241
745244
748280
Ta5287
745288
748372
745374
TASATY

pRbBaaE

il

CRTS027

RETAIL STORE - 1256 §. BASCOM AVENUE

- i HOURS: M-W-F, 9-5 TU-TH, 9-9 SAT, 10-3
8 JDR Mlcrod e\,lces PLEASE USE YOUR CUSTOMER NUMBER WHER ORDERING
= A orger 31 o and e
2 1224 S. Bascom Avenue, San Jose, CA 95128 1201 Urs ol ot e (e S it S
S 800-538-5000 ® 800-662-6279 (CA) @ (408) 995-5430  im & i iy e Canm A vt o4 fredents, o
@ FAX (408) 275-8415 o Telex 171-110 i1 Mot 15 cnBroe Sl ncaem We e aet oacmn b oy
é rpogradtical wrom. We reserve the ighl 1o mit quanites and Ia
g Copyrght 1983 JOA Microdevicng substiule manutaclurer. All merchandiae SORC 1o BrRoF sale.
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JY A I . A A Il . Iu . iil

CAPACITORS ACCESORIES & PERIPHERALS

ELECTROLYTIC FOR IBEM
RADIAL AXIAL “MAXIMIZER Mermary Mustuncton 259.95
ATut SOv 14 10 Bov .18 HAYES SMARTMODEM 1200B 419.95
10 50v .15 22 18y .14 PC PEACOCK Cobor Dinplary Attapior 239.95
47 15y A4 47 50w .20 130W POWER SUPPLY 175.00
oo - x0Ty 13 e PROTOTYPE CARD 27.95
ZEQS. 3v LIV Seai | PROTOTYPE CARD Wirn Decoding 29.96
012 AR 2% Il JOR 16K RAM CARD 29.95
; - i BAL-S00 b4 1t Gial Dvive, Taiic: Whaohaniam 169.95
50v DISC MITAC AD-9 Full Height, Shugert Macharsam 179,95
1091 08 470 05 DISK CONTROLLER CARD 49.95
22 05 580 05 OMNIGRAPH Farsie Oraphecs Cart 79.95
2% 0% 880 .05 VIEWMAX-80 80 Cobamnn For Appie B, 159.95
27 05 820 o8 VIEWMAX -B0a B0 Cohavn For Appis tie 128.95
1 08 001t gg THUNDERCLOCK Officisl PRODOS Cloci 128.95
H e ‘o2 BBl XRAFT JOYSTICK 39.95
b o8 00 oe 60W POWER SUPPLY 49.95
bt 7+ M e MISCELLANEOUS
220 os o8 07 ZEENI‘I'H ZVM-123 15 MH1 Graen Monkor 12300
330 .08 A A2 NEC JB1201M 20 MHx Grasn Mignrtor 169.00 o
SPECIALS DN BYPAsS CAPS [ BMC BM-AUIIS1L Comp. 13 Color Monitor  279.00 5va" DISK DRIVES
- BMC BX-280 PRINTER 249.00 TANDON TM100-2 DS/DD  1399.00
01w dise oy et o NASHUA DISKETTES $8/80 Bos of 10 19.95 SHUGART SA400L 55/DD  199.95%
ddduec o ter 10071300 Il VERBATIM DATALIFE DISKETTES Ds/Do 3495 [l MPI BS52 DS/DD 3995
i 50v 100, 1800 DISKETTE FILE Hokis 70 Dukertos 16.99 TEAC FDS5B % Ht DS/DD  139.95
YEAC FOS5F % HL D5/Qund 200.00
IC SOCKETS/DIP CONNECTORS SADISIABRIVES
SIEMENS FD200-8 DS/DD  195.00
LOW PROFILE 3 LEVEL TEXTOOL COMPOMENT 1DC PLLG SIEMENS FDY0O-B S5 DD 149.95
LEADS a ZEAO INSEATION | CARRIES | RIBBON CABLE
pos up Pok Loy ZIFua ICCxun 1DPxa
2 ] : 4-32 49 = SWITCHING POWER SUPPLIES
| NEPCO/TDK ASTEC
= ﬁ L MODEL MAM174KF MODEL AA11190
i Li a3 a3 = 43 +5V @ BA «8V @ 4A
: : : 3 - § o A2V @ 2A 12V @ 2.5A
F ‘B9 v, e = 12V @ 2.8A -5v @ 25A
4 L1 29 !'g 3% 14 295 -12v @ A A2v @ 30A
¥ 7% : - = - .95
= LIGHT EMITTING DIODES
DESCRIPTION ORDER BY FUULIAETS
c T 20 [ 28 34 an T JUMBO DISPLAYS
i M HEADER SOCKET tDgag ga ! lﬁ 1 ;'E ;ﬁ - " _ ;
EDGE TARD Weuwx |2 1 - 280 o 0 .. 2::33 g3 99
CRDERING INSTRAUCTIONS: insart 1he numbar of Conlacts & The Postion merked “wn™ of GREEN .18 1% FMD-B00 CC 5" 1.49
tha "order by” part numbaer listed. EXMAMPLE: A 20 pin ribbon sdge card would be IDE 20. YELLOW 18 .18 FND.507 CA %™ 1.49
D-SUBMINIATURE g TRANSISTORS
: 2M2222 25  PN290T 28
DESCAIPTION ORDER BY At R aees Eg+d  EErr o 2m308s 7%
Pl ] . 2N 2908 50 IN3I%0a 10
SOLOER CURS —RRax® 15 22y INTERSIL 2N2307 25 IN3I908 10
AT ANGE | - g;;-‘si" Nl e '
PC SOLDERS [FEMALE | DBuaSR 15| 1Stiese R DISCRETE
TOT - I 5% [ T30 9% | HES 1NTS1 B.Vv ranar 28
RIBBON CABLE T 228 175 [175 |52 e | [l DIP SWITC 1M759 120vzener p 25
BLACR ROOD- = 4 positi 45l 1natas {1MI14) switching 25/1.00
EEE GREY RODD B9 | 99 [ 55 | 707 M spowin o [l 1ns00a 400PIV rectitier 10/1.00
MOUNTING HARDWARE.S1.,00 7 position gL KBPGO2 200,V 1.5a bridge E
FOR ORCERING INSTAUCTIONS, SEE 1DC CONN. ABOVE. 8 position -95 B 4N22D OPTO-ISOLATOR 1.78
RIBB?N CABLE VOLTAGE cMmos
SINGLE COLOR | COLOA CODED 4001 25 4027 A8 4066 39 4538  1.95
CONTACTS ——— g REGULATORS [ 002 25 4028 69 4089 25 a8A3 1y
4011 A0 .79 a070 5 4583 5
2 A5 a0 1180 ol 5 M ;:;:: 35 W a0r2 25 4040 75 4071 29 4534 78
3 R4 1450 78087 6 IBHOSK 995 4013 IE 4042 B9 4081 29 TaCOO S
1 750 F 22 Jaoat g TIHOSK SOS P 401F 33 4045 ms age2 23 TaCO4 35
. g 4078 38 4047 86 4093 48 TaCla 59
15T 76 791K 149 4017 89 4043 38 4503 88 74C74 85
36 PIN CENTRONICS L e it | PRI 78 4050 35 4511 &5 T4C908 .88
CEN36 MALE SOLDER CUP 705 [l 19051 A% e Ta R 020 75 4051 79 as18 83 7aCaz2 aas
IOCEN3¢ MALE RIBBON CABLE B 9% 0 4023 29 401 .79 4520 .79 T4C921 495
IDCENISF FEMALE RIBBOM CABLE 555 Ml C, 7.T0.220. K<T0-3, L.T0.92 4024 65 4060 .89 4628 1.19 TACI26 T7.95
[)
5 d yo oap 2 :
) ~ e 4 ) 1] [ ] 1
ey .= ORDER TC
prd 0 o 0 o . = = [ ] I I [ ] I I I
o included ; T LA | i
T Loal L1 e ) N _wsa T '
om ow on. Ag : =rrea g ! I !
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120

QUALITY SPECIALS

DELUXE 46 CHANNEL
CABLETV CONVERTER
With Fire Turning Disi

= Ropltn 8 roide Ay, by UF
+ Hantwrer ity T i it et T il
[

Uﬂ!mwnmcwvmm

NEW DIGITAL SCALE

Lol accuracy atan
tvtf‘idl‘i
-réads 1 gram ofd ox
hwm”nm-m
o Tl iy B by
Cagtly M geana W gy
B rh ot bttt | S Sl

Best Value $74.95
SOPHISTICATED IC S

AL
e

o ruaet T O was A 1 chun SLOAAE VT

GOLD§M|TH

SCIENTIFIC

CORPORATION U
720 E. industria) Fark Or,, Mancheatar, NH 03103
PO DROE RS WL COME 0! 24 8030

FREE CATALOG OF NEW DEVICES

mlual-ﬂh’llﬂ N0 e Hmancd, .0 5 M

|
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1
dur Isolmi o eliciinate equ-lprnq.nl
Fintcmction. clean up interference,
curh dnma‘ln‘ power line spikes
r"'.md

150-1 IBOLATOR

3 inolated sockets: quallly spike
suppression: hasic protection. . $81.95
IS0-3 SUPER-ISOLATOR

3 duial isaluied sockels; sypprowsor;
comiercisl protection. ... .. $122.95
1ISO-17 MAGNUM ISOLATOR

4 quad isoleird sochets: suppressar;
laborstory grade protection. . §213.95

1FZe Electronic Specialists, Inc.
1715 Main. Natiok, MADTTB0 (617)655-1832

Toll Free Order Desk 1-800-225-4878
mMasiorCard, VISA Amenscan ExDress

CIRCLE 680 ON FREE INFORMATION CARD

SATELLITE TV

continued from page 16

HIGH QUALITY 275dB GAIN

MICROWAVE
TV SYSTEM

Varible from 1.9 to 2.5 GHz
The |ates| advance
In microwave
technology with a
SNOW-FREE
PICTURE.

Two Models 10 choose rom
Both models include:
® 20" Parebolic Dish
® Pre-assembled Probe
with Down Converier
® Power Supply and Coax Swiich
® 60° of AG-59/l1 CoeXx with Connector
® Transtormer for 75 1o 300 Ohms
® All Mounting Hardware for Fasl and
Easy Instailation

20" Fiberglass Dish
up to 55¢B Gain Up to 55¢B Gain

Special ‘989" Low Priced ‘9895

Ak 10% lor Formpn ordens of US Puial Post
High (amn Yage Ankirra with Down Comvarer and 58995
Pows Supply Compiete System, Foady o Usa,

Send £ 00 Ior Ca
_ Avmm

S-ﬂ
_M

20 Aluminum Dish

FRelunaarie wilft hra
#nv] Phone Orders s
oou CA Raa add 44% Tax
Chal of Moy Oer
Cooecicy, iom 2-5 WA W {30}

PROFESSIONAL VIDEQ, Inc.

4870 Hollywood Bhad, Hollywood, Cald, 90027

For C.0.D. Orders Call {213} 219-0227

CIRCLE 119 ON FREE INFORMATION CARD

( ACTIVE °
RECEIVING
ANTENNA

Gives excellent raception,
50 KHz to 30 MHz.

New MFJ-1024 Actlve Racelving
Anlennd mounis outdoors away from
slectrical noise for maximum signal.

Givas excellant receplion of 50 KHz
to 30 MHz signais. Equivalent to wire
hundreds of feet long. Use any SWIL,
MW BCB, VLF or Ham receiver.

*1 dynamic range RF amplifier. 54
in. whip. 50 foot coax. 20 dB anenuator
prevents receiver overload. Switch be-
tween (wo receivers. Selaci auxiliar
active antenna. Gain control, 5"1"
LED. Remote unit, 3x2x4 In, Control,
6x2x5 n. 12 ¥DC or 110 yAC with
optional adapter,
MFJ-1312, $9.95.

*129:%

Order from MFJ and try IN. 1t not dalighted,
return within 30 dars for refund {less shipplng).

One year unconditional guaraniss.

Order ipgay. Call TOLL FREE $00-647-1800.
Charge VISA, MC. Or mail check, meney order.
Write for tree catslog. Over 100 products.

CALL TOLL FREE  800-647-1800

Call B01-323-5869 In Miss.. outside continental
USA, tech/order/repair into. TELEX 53-4590,

MF ENTERPRISES,

INCORPORATED

\_Box 494, Mississippi Stsle. MS 30762 )
CIRCLE 105 ON FREE INFORMATION CARD
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the best combination of LNA and
downconverter, plus receiver.
When the LNA and converter are
one, mixing components is ex-
tremely difficult.

LNA’s as stand-alone units have
held on, as their use in the Amer-
ican industry has grown to the
50,000-per-month range. Amer-
ican OEM's manufacturing LNA's
have raced to keep up with the
demand and Japanese manufac-
tures have risen to meet the chal-
lenge. By September, the lapanese
industry was capable of supplying
upward of 40,000 LNA's per month
to the North American market at
prices that American suppliers are
having difficulty in matching.

Since the world market for 4-
GHz LNA's is virtually a North-
American (only) market, that tre-
mendous production capability
cannot be marketed elsewhere
effectively. With too many LNA's in
so many warehouses, the ex-
pected happened—prices tum-
bled. The price for 120-degree
LNA's dipped below $100 in June of
this year, and by September, even
the higher-grade, 100-degree units
dropped below $100 (to dealers, in
modest quantities).

Through all that, the dealer is
more confused than ever. When
prices were in the $250 10 $300 re-
gion for standard 120-degree
units, lower-priced {no-isolator or
lower-gain) LNA's seemed like
worthwhile alternative compo-
nents. However, with the price of
standard units dropping below
$100, the pricing advantage for
lower-gain or non-isolator models
has eroded.

Of the four major component
areas {antenna, LNA, receiver, and
motor drive), the motor-drive re-
mains the l|ast area where intense
competition and traditional price-
cutting has not been applied. That
will, of course, change during 1985
since there’s significant profit out
there for OEM's or importers who
are able to reduce costs while not
getting the industry back to the
"dog-days” of 1981 (when maotor-
drives were the bane of every deal-
er's existence). R-E
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20 MHz DUAL TRACE OSCILLOSCOPE |

Unporparsed quality al an unbealebis prce. ta Remiey O8Cdko-
scoot comPices 1 o1nenk Coating hundrads mors Faaturet inchuas
1 lpgfing Catan 100 § RIBH0L, Copeitor. W“’ Cucui and

$39995

B COMpPOngn
SO0 lesting ¢ TV shaeo Bync 1M * wndy bendwadth L high S8 - w-mmlnn

ALY v il graGGyle ® froal DA raca rolaket ¢ 2 and « Pigh

-y SO At laied Do DRy ¢ BUH-In caltwaiorn
QoG

RAMSEY D-1100
YOM MULTITESTER

Compat and rehatia, S¥Hgned Lo
JrviCy 4 Wy var gty O squipesanl
Faaturet » MO Bach
L T
mving ciil ¥ Souba gvarioad pro-
Isclion « an wheal ow cout un for
|Mmmmorou TR B U

—

45 MHz DUAI. SWEEP l]SCII.I.l]SCI]PE

T Ramany 625 w o ol g I Ol puc Iowen uhll B nchoces s Bus.n

379995

ﬂllb‘. ‘M
3. Ling ExTarral m"""“"",. Tuboekicn
Al ¥ Bt O

SACATOC 40 g bricm & o wwen 31 2

Nwear Dt * BAD IDGLE  BAg PERER
“Sarne 2y Uil i it

NEW RAMSEY 1200
VOM MULTITESTER

CRach Iranu 10, Godes and
LEDR wilh thea professsonal quilty
marte. Ot Taatures Sciue;
decibal pcabe + J0M w0t martering
Eyptem v W murtonsd scale «
polstIy swilch + 20 maasuring
Fanges » safely probas ¢ high
imoact pladte chs

| _'_j $4995 mmare,

$D 4 95 oy e

RAMSEY 0-3100
DIGITAL MULTIMETER

Pugliabbe, SOCUMate ShRal mas-
WArpLE k1 B ATt Ly Kow
CO1 v in. ey DOM COBD Pth
Bullons, spaeds ranDe sehaciion
* Aby Pt Nt Sland & ApCERbd
nput [BCES v oviriond protecton

on Bk gt » Wt Lcnm
play with auto TG, B0 PAnIY
& low BAT, ihcalor

$4 Q95 e e

CT-7D 7 DIGIT 525 MHz
GOUNTER

Lab quality 81 & bieakthrougn Bl Fenlures

= 3 ireguancy rangers RBCh with pre smp « dusi
el T QTR SCTTVEY Indrcsioe

= BOmY LEHZ typecal ppnielonty + walh
TrsQuency tange * 1 DD BCCUECY

$11995 [
ET.70 vt
P-4 g e

CT-90 § DIGIT 600 MHz
GCOUNTER

Tha most vartatia kf st 1han S0, Faatures 3
qbac tabhe QALE ey * B O tn * QAR maCELor
* dispiay hold = 24mv @ 1 Hy typecal sen-
Mty * W MHE medany m LAl I
+ 1 ppm scourBcy

14995 oo
CT- 90 kA

b3, k3
OW-1 0.1 PEM Ovan [imatass . oY)
BP -4 necpd Pk 1M

CT-125 5 DIGIT 1.2 GHz
GCOUNTER

A B dagat Couniles | had willl ou
hundiedt morg *

o ufibh Cogl-
Puin ik ¢ 2dmy i
MHE Yypical penslnoly  § oigH draplay
T PRI BCUrEty ¢ Jubplay hold + doal inpuls

with prsamps

31 6995 o -d-om

BP-d recad pack

e depn i
- -

GT-50 8 DISIT 600 MHz
COUNTER

A nrmalo tab bench Counter wHih oplonal

;oum mu«lrcy saapler, whsch furns the BT-
miio & Sril#| readout 1or mo1! ey recatver

* F5 m¥ g 50 MMz TYPIOM sarcraly o B ol

craplay & 1 PR accurbly

316995 .,

CT.50 wt
RA-1 recetvar adagpier i,

DM.-700 DIGITAL MULTIMETER
quahty ¢l a b prce Fes-

1urw ke 28 diflersnt PN ard § func -

Hong + 34 S, W inch LED diplay ¢

MALC decumal piacemant * Julomaix PNy

391998 i

O8d. 100 &t
MP.1 protes wet .

PS-2 AUDIO MULTIPLIER

Tha PS-2 I handy Tor high resolution Rshg

PR-2 EOUNTER PREAMP

The PA-2 i wdanl tor maaor

ng raty
rromﬁlolmﬂl-ll'l\-llﬂﬁ .:P!NC

el upne LA It ey
uency « greal for

O Mmln?loymum » O HE resolunon &
ML LAl P T £ OO O

34995 _.,

PS-2ut...

* greal for ivting AF @ s0ua!

nr.\.. e/ T (e g

34498 mum

PA-2 mat

PS-18 600 MHz PRESCGALER
Extencs the 1ange of YOUr Prasen| counter i
D00 W 2 0 praamp ¢ civichs bry 90 o=
iy * ppnl Z5my ) 150 MHz » BHC
COnnpciont ¢ drnew By

35995 rired inc huths

AT sdapler
P58 e .

TERAMS: ® salintaction Quarsnteed » examine lar 10 days. il nad plessed. return in

eflginal lar® fer refund » 10d 5% for PNpDIng dnd iRtUraACE [0 | MATEUM Bl
$HI00 » averteds aod 15% tar turiace mali ~ A0 add 52 50 (COD @ USA antvl
o wroers whder $15.00 rdd 3150 « MY revidents 200 7 saies lax « 90 day Parts
Sarraaty B g kRS & 1 pear paiis A Laber wieranty 00 5l wired undte

= = RAMSEY ELECTRONICS. INE.

2575 Balrd Ra.
Penfield. M.Y. 18626

L
PHONE ORDERS CALL

716-586-3950

TELEX 466735 RAMSEY CI

ACCESSORIES FOR RAMSEY COUNTERS &
Telescopic whip antenna—BNC plug 5 8.85
High Impedance probe, light loading 16.95
Low pass Probe. audio use 16.95
Direci prcbe. generat purpose use 13.595%
Tit ball. for CT-70. 90, 125 395
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AL -ELEL F FUINILS

N

SPA RTAN Flecteonics Ine

P

{516) 499-9500

6094 Jericho Tpke.
Commack. N.Y. 11725

ilips Remote
Cable Converter

$139.95

RS232 TRANSMISSION LINE TESTER

noerhen mis REZ1 Lane *Wal? 3 Qa;k“
RIS OIS DSR €0 DIR) ving (203 k0l =
calm Stovs o GCh " Deety Dowstrid iy RSP0
u..nn:l- 323.95
for Home Securily,
n ah
aciraivg SWATEH mm Eurrt B £177

Fostwts "M 0 Foriiie cwaxip by I'l"l'
Lomaa |
SOUND acivaren $WITCH
’ MODEL R+ $20.95
i I Hears & Noise, Tores On Lighist
mq IQM! bﬂ\. ntruers wre Inghatned ya.
Wm‘%‘%"ﬁwwﬂﬂ :-'l [ 111
- y b

SOUND scinzind SWATCH
W the (Mtwatcimes YOu Can T e d I I il
& ENrY Wkl o Mormiry o Saph Rooem o Farely Reom o Stasnipyl snd
it o Chnlirgm 3 RoaTs v ARKT o Ribigrenis # Giviet o Chrpsts

REFURBISHED MONITORS
9" and 12° Beli & Howells
or GBC Commercial Grade
s low as

$30.00 off with a purchase

of 2 returbished monitors 33995

R3232 TRANSMISSION LINE TESTER
Foaeryy A 25 Sapun i mrrvible " Ousi
Cmlarr Red Gieen

Acwyiareed | Cabie W maie W Female Faterman
gt Sat § Strasght
1

B i $169.95

Jerrotd 58 Channel Wireless
Remote Converter $109.95

Jerrold 36 Channel Remaote ‘

CATV Converter wion/off Fine
Turing $94.95

40 Cbagﬁl VHF to UHF
-=Block Converter

28.95 Ea.
24.95 4 & up
Fealures fine luung knob,

Doluxe Version -
matcmng X lormer & 2 cables 530,95

EFORE YOU PAY PHONE
ERVICE CALL, TE YOU LF

Toiepnons Line Anaiyza Mooel #1042 i Gaitae

I S
Vrsdam, S o g AN poam [ |
Thaci

$19.95

ECGEEY PROFESSIONAL

TELEPHONE PROOUCT TESTER
Features:

MODEL 1045 ==

(L)
Tl

Discounts

Over s
Mon ThT: WF Sa

| 51 3£ __§:3

CIRCLE 75 ON FREE INFORMATION CARD

ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibilily for errors thal may appear
in the index below.
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107

210
2M
254
82

110

120
(81

114
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&7
153
17

267
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Free Information Number Page
ACCuCOM 100
Actlye Electronics | 1E2
Advance Electronics . 27
Advanced Computer Products , 109
All Electronics . 17
Amazing Desices . 108
AMC Sales 94
Babylon )
Beckman Instroments., 13
B&K Precision, 38
Career i . 36
CEL. .87
CIE . . 36. 57
Chaney 103
Chemtronics . 97
Command Productions . . 94
Communications Electronics . 2
Comac: East. . 37
Coop's Satellite Digest 16
CRT. 37
Nand¥ Manufaciuring 37
Deco Indusiries . 36
Diamondback 106
Digi.Key 147
Dokay . i14.115
Fducalc Publications , .91
EKI. 43
Electro Industries . o3
Electronic Specialisis . 120
Electronic Warehouse . 26, 45
Elephant Flectronics. 3
Eironlx . [ ]
ETT. .CD2
Firestik [1. .99
Fluke Manufacruring 5
Fordham Radio . 1,33, Cv4
Gemini Electronics | .37
Global Speciahies M
Goldsmith Sclentific 120
Granthany College of Engineering. 33
liandy Prods RSP Elec. 103
leath 17
ICS Computer Trainlng ['1}
Instrument Mart . 83
Jameco g 11l
James Walter Saicliite Ree.. 37
Jan Crystals 100
JBR Microdesices. 118, 119
MOM Aadio L3
MF). 120
MecGraw- Hill Book Cluh 18. 19. 3%
Melntosh 1abs. o8
Micro-Vart 104
Mouser . . 100
Muttitech . .42
New.Tone Electronics. P
NR1 89
NTS. 28. 9
OK Industries. 39
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252
116

264
10

119

261
75

bod |
103

Omahron .

Faia.

Phillips Tech .
Phocnds Flectrnmics .
Pockel Trehnologs .
Pomana Electronics .
Power Plus .
Professional Video ,
Qualitone Industries .
Radio Shack .

RAG Electronics .
Ramsey .

Regency.

Research Service Lab.
Ross Custom, .
Siniee

Solid State Sales ,
Sony Video

Spartan Elctronics.
Tektronia,

Teliane .

Uniden Bearcat |
Wm B Allen .
Zenith .

116
.32
122
g2

37

102

Gerpsback Publications, Inc.
200 Park Ave. South
New York, NY 90003
N2y 7776400
Chairman of the Board:

M. Harvey Gernsback
President: Lamy Steckler

ADVERTISING SALES 212-777-6400

Larry Seecklcr
publisher
Shelli weinman
advertising associate
Arline Fishman
adwertising coerdinator
Lisa Strassman
credit manager
Donna Sala
Credn associate
Maomi Matlen
advening assisiant

Sales Offices

EAST/SOUTHEAST
Stanley Levitan
Radio-Electronics

200 Park Ave. South

New York, NY 10003
N2-428-6037, 212-777-6400

MIDWEST/ TexasAchansasOkla.
Ralph Bergen
Radio-EleClronics

540 Frontage Road—S5uite 325
Northfleld. 1L 60093
2441444

PACIFWC COAST/ Mounlsin States
Marvin Green

Radir-Electronics

15335 Morrson 51.—Sulte 227
Sherman OQaks, CA 91403
818-586-2001
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| Our book has more depth and variety, you make sure you receive Just call (714) 623-3463
gdapleq varieties and  should also be aware  fast servicgfand or 623-6751. Or. write
Seinbinations than that the adapters we specitied quantity lo us at ITT Pomona
you'll care to count. The design and manufac-  through your favorite Electronics, a division
Nt 5. we want tc ture are considered by eleclronic pharls of ITT Corperation.

tike sure thaione or  electronic design distributor 1500 E. Ninth St..
fiore of our adapter engineers {¢c be right at Atter alli we wrote Pomona, CA 91769.
icdels will suit your the top. No question. the book. |
Flesign and test require- A superior product? And it's free. Our

entsto a tee. You know you've got  products are described ITT

And now that you that. And you should and illusirated in our

ave an idea of our know, also. that we 1985 general catalog.  Pomona Electronics

‘omona wrote the book on
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Model DVM-634

$4875

7 lunctions, 32 ranges.
Transistor measurement
included.

Model DCM-502

$7995

‘Digital Capacitance Meter
8 ranges with full scale values o 2000 uF

FEATURES « Broacd test range - 1 pfF 10
2000 uF « LS circunt prowndes high
reliability and curatility « Lower power
consumpbon « Clear readout even in bright
light « Crystal time base « Easy o operale.
compact, lightweight « Protected from
charged capacitors « Frequency range -
800 Hz to 8 Hz

Digital Multimeters
« DC Voltage 100 uv - 1000 V
+ AC Vohage 100 uV - 750 V

« Resistance 20 Megohms
» Capacitance (OVM 635/638)

Charga It with VISA/MASTERCARD. Money orders, checks accepted. C.0.D.'a require 25% deposit. Service and Shippien Charga Schedule T
FOR ORDERS ADO
Toll Free g;zggd ........ o ;gssg
Or <MY s00-645-9518 | &2 &2
260 Motor Pariway, Hauppauge, NY 11788 InNY State 800-832-1446 | 1001edvp... ... $150

* AC/DC Current 200 uA - 10 Amps

Model DVM-838

$7995

11 functions, 38 ranges.
Includes logic level delecior,
audible visual continuity,
capacitance and conductance
measurement.

Modsi DVM-836

$6275

8 functions, 37 ranges,
Capacilance measurement
included.

FEATURES « Overload Prolecton » Aufo-

decimal LCC readout « Polanty Indcation

= 3000 hour battery life with 9V trangistor

1 pF - 20 uF

battery = Low battery indicaton =

WwWww americanradiohistorv comm
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