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$S-5705, THE ALL-NEW 3-INPUT 6-TRACE
40 MHz OSCILLOSCOPE FROM IWATSU

= H and V axes accurate 10 within 2 % = FreQquency response extends = Superb trigger sensitivity

= CRT with 12 kV accelerating voltage for bright traces beyond 40 MHz rating freezes even low level signals,

= Three input channels, six traces: an enlarged delayed = o S
sweep waveiorm can be displayed lor each channel for a Y. Ji L L
total of 6 simultaneous traces. Each channel has its own I
position control. o

® Maximum delay jitter of 1/20,000 1 |

= Fastest sweep rate of 10 ns/div z H . l,

= Jitteriess circuitry for stable high lreQuency signals 5 al
observation. » _—

= High sensitivity: 1 mV/div | |

= CH 1 signal output: 50 mV/div {into 50 Q) . =5 I - T O e L

= High-stability calibrator with frequency and voltage oy AT B peont TR R G ]
accurate to within 1 %. e

® Stable observation of video signals possible = Single sweep: essential if waveforms are to be

= Traces do not shift when the attenualor is switched photographed

= Fushbutton conltrols ior easier oPerabllity and improved = Trace rotation control allows compensation for inclination
reliability. of traces due to terrestnal magnetism.

® Accuracy guaranieed in temperatures rénging from 10 to ® Tw0 Probes provided as standard accessories: both
35°C (50 to 95°F). switchable between 10:1 and 1:1.

= Variable holdoff for triggering when observing complicated = Wide range of optional extras for more diverse applications.
waveforms. = Compact and lightweight: 282W x 152H x 403D mm

= FIX triggering {11-1/8" x 6" x 15-7/8"), 7.2 kg (15.9 1bs}).

= Beam finder

Foeel, IWATSU INSTRUMENTS

= 430 Commerce Boulevard, Caristadt, NJ 07072 Phone: (201) 9356-6220 TLX: ?109890255
CIRCLE 51 ON FREE INFORMATION CARD

WWWW.americanradiohistorv.comm


www.americanradiohistory.com

pacésetter In amaleur radio

R-11 portable receiver

Kenwood's R-11 i the perfect "go
anywhere” portab)l: eceiver. Il
covers the standard “M and fM
Broadcast bands; i js nine addi-
tional short wave dnds. The R-11's
selectivity is greatiy enhanced by
the use ol double-Conversion on
short wave freque; wigs above
5.95-MH2. High s¢ ftivity coupled
with a dual antennad system (tele-
scopic and ferrite|  fe) allow it to

reach oul and bring in those distant
stations from all over the world.
Simplicity of operation 15 enhanced
by a band-spread type tuning
conlrol. Electronlc band swilching.
with LED band indicator. along with
a tuning meler lo indicate recewved
signal strength, combine to provide
you with superior listening capability.
Salety Hold-Release switch preévents
accidental station loss. Large front
mounted speaker provides excelleni
sound quality. Tone switch adjusls
tor high, low and voice transmission.

Optional HS-7 micro-head phones
altow fos private listening pleasure.
All this along with a record oulpul
ack. external antenna terminal and
a rugged and attrachve carrying
case make the R-11 portable
receiver the perieci travel
companion!
More information on the
Kenwood receivers is available
from authonzed dealers of
Trio-Kenwood Communications
1111 West Watnut Street,
Compton. CA 90220,

R-2000 Top-ol-:ne-line general
coverage recewver « ° 30 kHz to 30 MHz
+ Ten memornies ¢ Du ! 24-hr clock with

timer « Scanning » 1(:7 240 VAC (Qpt.13.8
VvDC) ® Opt VHF (118 ' "4 MHZ converiern.

R-1000 High perfoimance recever
* 200 kHZ - 30 MHZ  digital display/
clock/imer » 3 IF filters » PLL UP con-
version & noise blanker » RF siep atten-

uatos = 120-240 VAL (Optional 13.8 VDC).

R-600 General coverage reteiver

* 150 kHZz = 30 MMz » digntal display

s 2 IF filters » PLL UP conversion * noise
blanke: * RF attenuator » front Speaker

» 100-2 40 VAC iOptignal 13.8 VDC}).
4 L

o
F
i

- -]
YRR

o

WM MWK W W e

s (1]
L] £
" |." i nr

El |I1I‘ 3 |

LY 159 OFY

LTS (YR

8} ks for Jaedhen o

i a5 (e g e By
o B e el R LR

W "i o |'e uy

E E aa E & A E

CIRCLE 34 ON FREE INFORMATION CARD

www americanradiohistorv com


www.americanradiohistory.com

The best-looking way to keep your TV performing
up to par may be right here before your eyes!

ntennas

N

What an eyeful! All six of chese
BzEmTH L Y \ LWl Zenith Chrongicenna indoor antennas!
-_— ¢, each in its own way,

973-824 ’ . . iy
swvear we paid a designer’s

tee. Bur we didn't.

!

e will adapt to your i or and actually add what
ppears to be a decotaral's touch to a room interior.

\

1at’s why we refer to these
tenna models as “America’s
‘amily of Indoor Antennas.”

973-823

We chink you, too,

will be equally generous
with your praises when
i Towr@fiCe them ar your
‘ Zenith dealer’s.

And chances are any one
of these beautiful, top-performing
Zenith indoor antennas could be the
easiest, fastest, and most reasonably

priced way to keep your TV 0
performing up to pir.

Be s retoseethu;gallatyourz'nith

 dalepssoon ~ertainly beforefrying
\ improve yo s perfyfmance
with a no-narke fpdooglantenna!

y

COENITH

The Juality goes in
beftare the name goas on?

-
—
.

973-828

973-827

L

Zenith Sales Company / Service, Parts & Accessories Division / 11000 Seymour Avenue / Franklin Park, lllinols 60131

www americanradiohistorv com
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NOVEMBER 84 Eiecironics

Vol. 55 No. 11
SPECIAL 57 TURNKEY SYSTEMS RADIO
FEATURE If putting together a satellite-TV system 19 waARC 84
component-by-component scares you, What is the future of
you’ll be happy to hear about turnkey shortwave broadcasting?
systems. Marc Stern Find out what went on at

the latest World
Administrative Radio

BUILD THIS 60 TELE-TOLL TIMER

Conference.
Keep tabs on your phone bills! This device Stanley Leinwoll
automatically times all of your phone calls.
Gary McClellan 2 ggRMmgNICATIONS
Mobile digital
65 COMPUTER-CONTROLLED IC TESTER communications.
Part 3. In the concluding part of this article, Herb Friedman
we expand the IC tester by adding an VIDEO
. Hoyd L. Oat
EPROM programmer. Hoy ats 0 VioEC lUEs
The present and future of
TECHNOLOGY 45 OSCILLOSCOPES IN COLOR the fast-changing video
New breakthroughs in color-display scene. David Lachenbruch
technology may make the shadow-mask 96 SERVICE CLINIC
color CRT obsolete! Carl Laron Servicing the easy way.
lack Darr
84 SATELLITE TV
A comparison of the past and present state C%MI:H;EEI{E\CING THE ZX81
of satellite-TV. Bob Cooper, |r. Part 4. Add a speech
synthesizer to the ZX81.
CIRCUITS AND 73 DESIGNING WITH LINEAR IC’s Ngh Sunead
COMPONENTS Part 6. A look at logarithmic and isolation | Followine COMPUTER DIGEST
amplifiers. loseph . Carr page 86 A pew high-tech, high-
density disk drive;
Computer-designed audio
77 CMOS CLOCK CIRCUITS
A multitude of versatile and inexpensive networks, and more!!
CMOS squarewave-generator circuits. EQUIPMENT
Ray Marston REPORTS
28 Wersi Pianostar 52000
86 NEW IDEAS Electronic Piano 1
A novel continuity tester. 38 Bishop Graphics E-Z Circuit
Printed Circuit Design Kits
88 DESIGNER’S NOTEBOOK DEPARTMENTS
Controlling the speed of small DC motors. 120 Advertising and Sales Offices
Robert Grossblatt 120 Advertising Index
8 Editorial
90 DRAWING BOARD 121  Free Information Card
- . 22  Letters
Useful applications for the 4089 binary rate .
multiplier I1C. Robert Grossblatt 98 Market Cenfer

42 New Products
14 What's News

As 8 BeTVICE 10 maders. Radc-EMCironics publishes avaiable plans of ik } .mm;r‘;g tor .rg products, techrgues andd scientfic and technologcal & pmants Boecause of
vanances i the quaiy and condition of malenals ang workmanshp used by readers Radwm-Electronics disclams any msponsibiity for ihe sate and properYummng of reader-bum profects Dased
upon of trom Plans o nlomaton published in s Magazne.

WwWwWw americanradiohistorv comm
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£  HAUIO-ELECTRONICS

Diskette
Users...

Whenyou’ve
heard from
all the
animals in
the diskette
Z00, but you
need fast
delivery and
high quality
diskettes...

Call Communica t:ons Electronics

Diskette order desk
800-USA-DISK

In Canada 800-CA1-DISK
Choose your brand
Choose your price

Product Description

8" S55D 1I8M Compalible 12B8/S. 26 Sector
8" 5550 Shugart Compatible. 12 Hand Sector
B SSDD 18M Compatibie {128 B/S, 28 Sectors)
8" DSDD Sott Sector (Untormated)

8" DSDD Sof1 Sector (256 /S, 28 Sectors)
8" DSDD Soft Sector (512 B/S, 15 Sectors)
B8 DSDD Soft Sector (1024 &/S, B Seclos
5%~ SS5D Soh Sector w/Hub Ring

5%~ 555D Same as above bul bulk product
5¥%* 5550 10 Hard Sector w/Hub Ring

S%" SS00 Soh Secior w/Hub Ring

5%"” SSDD Same &8 above. but bulk Product
5% S500 Sott Sector Flippy luse both sides)
£%" SS5DD 10 Hard Sector w/HUb Ring

5%" DSDD Soh Sector w/Hub Ring

5%~ DSDD Same ss above, bul bulk product
£%" DSDD 10 Herd Sector w/Hub Ring

5%" DSDD 18 Herd Sector w/Hub Ring

5%~ DSDD Soh Sector w/Hub Ring 196 TPY)
3% SSDD Sont Sector micro-floppy

For more information
about this brand call:

Super Disk Wabash BASF M
diskettes =2 diskettes ==  diskettes=t  diskeftes &%
$0.94 each $0.99 each $1.44 each $1.44 each
Sapar Dixk l‘uil'::clo Wi l‘uiu'n.: DADF ::Iliu.': i ﬂu'::;
;1 I por sk ¥ Pt & por sk 3] bt 8 pur dich (81 Part & por dish [
—_— Fi-r 1.59 — 15530-P 194
_— FRikr .79 - d = —
— nal-r 189 - [ }11 14 23
— _ Aikr 20 = aDseN-? 2839
= — Fa-r 209 — -
" Flas-r 09 = =
Flat-r 209 — SRD-ID24-P 289
Hi-# 1.4 na-r 1.19 — —
Hir-r a9 nae-r 099 -
—_— (TArN ] 119 -
Hil-r 129 HiN-F 134 HIl-P 144 S350D-0N-¢ 154
Hitr 109 W13a8-P 1.14 ——— — S33b3-aL-p 1.44
—_— nix-F 199
—= E— (T}79 ] 134 ——
Hi-r 154 wiikr 159 Hano-r 119 Sox08-AN-¢ 219
sm-r 134 w1dan-p 139 — —_
— —_— Hidk-e 158
_— —_— WSdA-P 150
"nui-r 244 nina-r 249 Baaz-r FE- ] $ox0a-9900-¢ ane
- — s Hine-r 4 nukr 374
Lifetirne warrenty 8 Yaur warranty Litatime wirranty Litatime warranty
f mers loly 0 Do Do 180 Fr o it 00 Wobesd mll Far dmere It 00 12T 0l for o (b1e 00 30 o
800-USA-DISK 800-323-9868 800-343-4600 800-328-9438
In Mickigse 313071111 1» Imess 312-592-8203 in Mossscheaatis B17-271-2000 M Missaswts D12-TH-DST
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CE...your best source for diskettes

Foryou the diskette buyer, it's ajungle out there. There are
50 many ditferent brands to choose from, youneedtogoon
a safari to find a good brand at a reasonable cost.
Fortunately, CE has already hunted for the best diskettes
and offers you an excellent cholce at a CE price. To save
you even more, CE also offers bulk product where 100
diskettes are packed in the same box without envelopes or
labels. Since we save Packaging costs, these savings are
passed on to you. Diskette envelopes are also available
from CE. These super strong and tear resistant Tyvek®
envelopes are only $15.00 per 100 pack. lUse order # TE-5
for a 100 pack of 5%" diskette envelopes.

Quantity Discounts Available

Our diskettes are packed 10 disks to a carton and 5 or 10
cartons to a case. The economy bulk pack ks packaged 100
disks to a case without envelopes or 1abels. Please order only
in increments of 100 units for Guantity 100 pricing. With the
exception of bulk pack, we are also wiiling to accommodate
your smaller orders. Quantities less than 100 units are available
in increments of 10 unkis at a 20% surcharge above our 100
unit price. Quantity discounts are also available. Qrder 300
or more disks at the same time and deduct 19%: 500 or more
saves you 2%; 1,000 or more saves 3%; 2,000 or more saves
4%; 5,000 of more Saves 5%; 10,000 or more saves B8%;
50,000 or more saves 7%, 100,000 or more saves 8%,
500,000 or more saves 9% and 1,000,000 or more disks earns
you a 10% discount off our super low gGuantity 100 price
Almost all our diskettes are immedilately available from CE.
Our efficlent warehouSe facllities are eguipped to help us get
you the quality product you need, whan you need it. If you need
turther assistance to find the flexible diskette that's right for
you, ¢all the appropriate manufacturers compatibility hotline
telephone number listed at the bottom of this ad. Dealer
Inguiries invited.

Buyyourdiskettes from CE with confidence

To gat the fastast delivery of your diskettes, phone your order diréctty to
ourorder desk andcharge it toyourcredit card. Writtan purchase ordera
are accepted from approved government agencias and most welt rated
firms at & 10% surcharge for net 10 billing. For maximum savings, your
order shoyld be prepaid All sates are subject to availatilty, accept-
ance and verification. All sales are final. All prices are in U.S. dollars.
Prices. terms and specifications ire subject to change without notice.
Out ol stoch Hems will be be placed on backorder or subatituted for
aquivalent product at no extra cost to you uniaess CE s Instructed
differently. A$5 .00 addiional handling tee will be chargedioralt orcders
with a merchandise total undes $50.00. All shipments are F.O.B. CE
warehouse in Ann Arbor, Michigan. COD terms are avallable, in U.S.
UPS areas for $5.00 extra, and are payable with cash or certified check

For shipping charges add $8.00 per tO0 diskeltes and/or any
fraction of 100 8-Inch diskettes. or $5.00 par 100 diskettes and/or any
fraction of 100 5%-ineh or 3%-Inch diskettes for UP.S. ground shipping
and handling n the continental LS. UPS 2nd day air rates are three
times continental U.S. rates. For Canada, Puarto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping 8 three times the continental U.S. rate.

Mall orders to: Communications Electronics, Box 1045,
Ann Arbor, Michigan 48106 U.S.A. if you have a Visa or Master
Card, you may ¢all and place a credit card order. Order toll-fres
in the U.S. Diai 800-USA-DISK. In Canada. order toll-free by
calling B00-CA1-DISK. If you are outside the U.S. or In Michigap
diai 313-973-8888. WUl telex anytime 87 1-0155. Order today.

Copyright ¢ 1884 Communications Electconica Inc. Ad 080284

Al COMMUNICATIONS :
ELECTRONICS™

Computer Products Division

Box 1045 O Ann Arbor, Michigan 48106-1045 U S.A.
Call tofi-frew BO0-USA-DISK of outside LLS.A. 313-873-8888

YL LR | = |
270 )
@
"RAXPS I | -

Verbatim Memorex Ultra - TDK ~ Fuji Dysan
diskettes &% diskettes =% diskettes &% diskettes =% diskettes == diskettes =%
$1.59 each $1.59 each $1.59 each $1.59 each $1.59 each $1.94 each

CE twaat CE tuml CE vt CE (ot CE twml CE vl
UL 100 prica Hemorn: 100 price Uire 100 prica ToK 100 pries Fel 100 price Dytas 100 price
he ¥ itk [3) At & por disk |3} hrt & e disk [3) hrl 8 put dish |8} o & pu ik E) ol 8 o dlak g}
sz-r 154 [1hi{ 94 194 Fl-5-r 234 N s-1200-P 154 Tolsdi-p 249
— = — 1616-0 194 = —=— — —
——— — JoE0-F )| — = — — — = Manns-r 8
T——— . tinz-r pal] 27810 289 b8 88 FRZB-P 289 HiM-r 31
—— — nod-r 289 l!;—: 8% FIp-31024-9 289 FI!I_IGN-P 289 BoonI-# 214
ea-r 159 1 -r 156 Haot-r 159 Hig-s-r g Il!ﬂ:P 1—59- nngt-r ;4-
B e 1, Rant  mi®
Hat-p Hn-P _?:-1.9— Itill-r- 219 [ H 334 219 | 1+ 34 19 lﬂ!ﬂll-r. 264
50 339 1o-r 25 $I0%1-P I ; Wor-e-r 2m N B-DETPE-P 299 MHil-r 399
— fag-r v _— [ 121 34 299

Lilelime warrenty
For sure bolt oo ¥orbilin cofl

800-538-8589

Is Calitornis 400-245-4400

& vesr warranty
For mera lale 00 Hemnnnz

80G-448-1422

mamley-Fridsy om0 u E7

Lifetime warrenty
For mary bils go VN &0

408-728-7777

Mowdrr-Frider 0 20-4 pu FT

Uifetime warrenty
" For mory bote o TOE ol

800-545-5571

is Nom Yeri B10-825-0100
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For mure vir o0 bull ool

800-223-5535

la Nrw Yotk 202-730-223%

Lifetime warranty
For may it 0 A b

800-552-2211

fa Colllornle {39-978- 3099
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RADIC-ELECTRONICS

h

A color display for an oscilloscope was always considered to be
impractical: Even if the need for color was there, shadow-mask CRT's
couldn’t deliver the necessary resolution.

However, Tektronix—by using their new liquid-crystal shutter in
combination with 2 monochrome CRT—has found a practical way to
add color displays to oscilloscopes. And it's a safe bet that we’ll be
seeing Tektronix's technology used in many, many other products in
the near future.

NEXT MONTH

ON SALE NOVEMBER 22

LCD TV
A look at the technology that is bringing the dream of
a hang-on-the-wall TV closer to reality.

VIDEO CAMERAS
A look at miniature, portable cameras for your VCR.

FET POWER AMPLIFIER
High power with high fidelity.

ATARI GAME RECORDER
Store your library of games for'the 2600 on cassette

tape!
AND LOTS MORE!

Aadlo-Elecironics, (ISSN 0033-T862] Published Monthty POSTMASTER: Flease sand address changes to RAD
;v Gernaback Pubbcanons, Ing. 200 Park Avenue South, ELECTRONICS. Subscnption Depl.. Box 2520, Boulder,
e York, WY 10003 Second-Class Poslage Paed at Mew Bgaz2

York, NY and acditonal mading offices One-year subscnp-
ton ree U.S.A. and possessions $14.97, Canada 17 97, &1l

oher countnes $22.47. ANl subscnphon orders payable in A stamped sel-addressed envelope Must accompany
W.SA funds only, va internatonal posial order of Subemitied MANLICHEES ariof armwork of pholooraphs i ther
check drawn on 8 U.5.A. bark Single copwes 5175 61584 mtum 15 desired should Iney ba rejectsd. We daciom any
by Gernshack Publicalions. Ing. All ights reserved Prnted respons.ofity for the loss of damage of manuscrpls and'or
n USA AWK OF pHhOIGGraphs whike i Our DOSSASSION OF OHarse:
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More quah%

acCessories
more DMMs

than anyone else
inthe world.

Fluke has over thirty ways to expand
the horizons of your DMM — even if your
existing DMM is made by someone else.

Take aur new, low-priced 80i- 400 cur-
rent clamp, for example. It's one of five
difterent accessories offered by Fluke to
let you take safer, more accurate current
measurements in high energy Circuils.

Dr consider our universal temperature
accessories. They convert your DMM
into a thermometer for air, surface, and
non-corrosive liquid temperature
measurements.

Fluke also offers a variety of probes to
measure high voltage and probes for
high frequency ac measurements. Plus a
complete selection of test leads, battery
eliminators, carrying cases, and more.

Its the Iargest selection of DMM
accessories available in the world.

So why spend a lot of money on new
equipment, when all you may really need
are nNew accessories.

To get the whole story, ask for a copy
of our complete DMM accessories book-
let. It's yours for free by contacting your
local Fluke Distributor, or by calling toll-
free 1-800-426-0361.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

e e
IN THE US. AND HON-
ELROPEAN COUNTRIES N EUROPE

Joha Fiuke Mig. Co., Inc.  Fluke (Halland) By,

PO, smcm 7500 PD. Box 5063. EB
Everptt, W, Titbum. The Netherlands
(206} 356- 5@.&152662 (n3) 673973, Tue; 52237

&

Copyrioht @ 1984, John Puke Mig. Co, e, AH ngits reserved Ad Mo, 47038020 For technical data eirche numoe: 98

WwWww americanradiohistorv comm
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EDITORIAL

Simple Problems are
Harder to Solve

Wednesday evening is my time for relaxation. And
there | was sitting in my most comfortable chair,
videodisc player connected to the TV, and ready to
enjoy one of my favorite movies. | reached for the
remote for the Pioneer videodisc player, pointed it
at the end of the room and pushed riay, and at the
speed of light my new General Electric TV set
changed channels.

A minor annoyance? Yes! A growing problem?
Yes! Is it easy to solve? No! The only solutions |
had available were to either hard-wire the remote to
the videodisc player or to replace the TV set.

The problem was a simple one; both remote-
control systems used the same frequencies for
different functions.

The solution is also potentially simple—ask the
consumer-electronics industry to establish a set of
standards for remote control. All that is needed is
for all the manufacturers to agree that on-off for TV
sets is channel 1, while on-off for videodisc is
channel 2 and so on. Obviously we'll be smart
enough to jeave room for devices that haven't yet
been invented.

Some individual manufacturers have already
taken a step in that direction. RCA, for example,

Larry Steckler

packs a remote unit with some of their new TV's
that also has the capability of controlling an RCA
videotape recorder. Sony has set up a system where
specific frequencies have been reserved for the
functions of all of their (atest remote-controlled
consumer-electronics gear. They even provide a
master function so that you can turn everything off
with a single push of a button. But the catch is that
the RCA system and the Sony systems are not
compatible. And while each individual
manufacturer tries to do its best to be sure that its
system does not conflict with others, they don‘t
always succeed.

Thus, it is easy to visualize a situation where you
are seated surrounded by a host of individual
remote-control units—you could have one for the
TV, a second for the VCR, a third for your videodisc
player, a fourth for your stereo system, and so on.

That’s ridiculous! We‘re smart enough to put
communications satellites in space; we‘ve got to be
smart enough to cooperate enough to develop a set
of standards for remote control of consumer-
electronics devices. | know Macy's isn’t noted for
telling Gimbel's, but through the auspices of the
EiA (that's the Electronics Industries AssocCiation),
we ought to be able to resolve that simple remote-

control problem.

LARRY STECKLER, EHF, CET
PUBLISHER

WWWW americanradiohistorv. comm
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Like a smoke detector protects
you from fire, & Uniden®
Bearcat® Scanner Radioisa
simple way to help protect you
from neighborhood erime,
Because if a erime wave hits,
you'll be the first to know about
it with up-to-the-minute police
reports. And you'll be ready to
take precautions against the
kind of people who do their
shopping at night.

To pat te retmde o0 Ihe Ursden® Baarcat® Scanne you've

Inchanmochs, Wndend, 45256 ‘
Proans circis iive et Curchned |
{1} BC-3007550 Fatute % BC-200/81C Pabate |
gjﬁf!mm {10 BC-13G-35 Rabaie

] 00525 Rty
{4) BC- 20-20/$20 Rubaty g:ﬁ::: v |
M%) BC-25($20 Retate [
(B} BC-220/3$20 Patate (1 B ]
1] BC-260/515 Retate {14) BC-5735 Hatate
{8) BC-201/$15 Reoats {15) BC-15°%5 Redate
Firslintial e iibel Last Narnat
Adiress T

By i Ao 4.8 wste © Ouibeur'y Bl SPapch.

B
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VIDEO NEWS

DAVID LACHENEBRUCH
CONTRIBUTING EDITOR

¢ Home control by video. Going on the
market before year's end is General Electric's
HomeMinder system that can operate key
household devices from the family TV set—adjust
temperatures, dim lights, turn appliances on and
off at specific times, store messagee, and display
important dates and appointments. The system
also can be addressed at a distance by means of a
pushbutton telephone. HomeMinder uses the
X-10 system developed several years ago by BSR.
Each appliance or electrical socket i8 fitted to a
module, which may be operated from the central
microcomputer by means of a wireless remote
controel, and all functions are depicted
graphically on the TV screemn.

HomeMinder initially comes in two versions—a

CHOOSE ONE. .
kS
Lidnts aagm STERED
i
g’ = HIiid
| = )
ROOn
ATR 'ES%E? COFFEE . =
EE
‘ | . 3 UnITS
3506?!1'{ )] 3 ¥V EHMTEF
uzun/ RETURN FOR
w TO TU HORE

G.

$400, set-top system with its own remote control,
designed for connecting to any television set, and
a 25-inch color monitor-receiver with everything
built in and using a single hand-held wireless
remote-control unit to operate both the TV set
and the HomeMinder. The on-screen visuals
show diagrams of every rocm of the house {up tc
10 rcoms) along with numbered menus of lights
and appliances. On-screen prompts (see Fig. 1)
help the user to operate the system step by step,

such as “What do you want to turn on?" or
“Where i3 {1?” Up to 100 lights and appliances
may be controlled from the HomeMinder, which
has 84K ROM and 4K RAM memory.

¢ VCR Reliability. The service record of VCR's
already compares with that of color TV, according
to manufacturers and marketers of the product.
One major manufacturer tracked 865,000 VCR's
of 15 of 1t3 modsels sold since 1981 for 18 months
and found the “overall defect rate” to be 4.7%.
Thers were service calls on 8.3% of the units over
the 18-month period, but 25% of these were found
to be unwarranted—due to such causes as battery
inserted backwards. deck not pPlugged in, ete. The
same company found that video cameras had only
a 2.9% defect rate in 18 months.

Another company listed these top 10 causes of
failures during the warranty period: Belts, 21.5%;
IC's, 8.8%, tape heads, 4.8%; idlers and pulleys,
4.4%; circuit-board agsemblies, 3.8%; motors,
2.5%; switches, 1.5%; tape-loading mechanism,
1.8%; remote-control hand units, 1.3%, and relays,
1%.

Barly fears of short head life haven't been borne
out by the facts, Manufacturers report their tests
show head life of up to 3,000 hours if good-quality
tape is used. One major VCR rental firm puts
actual life at 1,000 hours and adds: "Head
problems always relate to tape quality or tape
cleaning.” Although some VCR manufacturers
recommend one swipe of a head-cleaning cassette
when the picture deteriorates, others warn
against any consumer head cleaning, and they all
agreo thal here i8 a major cause of head
problems. The worst offenders frequently are
audiophiles, who are 80 accustomed to frequent
cleaning of audio-tape recorder heads that they do
the same to their VCR's. That can be very
damaging because of the speed at which the
heads revolive and the delicacy of the heads. The
other major cause of head problems—poor-
quality tape—results in clogging of heads with
flaked off coating. Videotape is one product in
which brand name is all-important. R-B
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Where 's Your ELECTRONICS Career Headed?
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Pate 4

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 carcer. 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 Availoble from:

Grantham College of Engineering
2500 South La Cienega Blvd.
P. O. Bax 35499
Las Angeles, CA 90035

Independent Hame Study Can Prepare Yau

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.

We are located at 2500 S. LaCienega Blvd.,
Los Angeles, California, but for faster response
please use our mailing address: P. O. Box 35499,
Los Angeles, CA 90035.

Grantham College of Engineering  11-84
P. O. Box 35499, Los Angeles, CA 90035

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

Name - _ Age___ T

Address. —
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Simpon LEADER

4'2 DIGIT
MULTIMETERS

5349

MODEL
BOGOA

.K PRECISION

5299 95

MODEL
1601

¢ Isolated 0-50¥DC. continucusly
varlabile; 0-24 in lour rangea

* Fully sutomatic shuidosn,
adjustable currant liml1

+ Parlecl lor solid slate serviCing

* Sine. square and lrisngle cuipul
* Varisble and fixed TTL cutpuls
= 0.1 Hz 10 1MHZ in aix ranges

* Push button "enge and functlon
selecilon

= Typical sine wave distortion
under 0.5% trom 1 Hz 10 100kH2

POWER SUPPLIES

* 0.3% Accuracy

* Manual or
Autorange

¢ 10A + mMA Range
¢ Beeper

¢ "Touch-Hold"
Function

312 00

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

+ Frequency measuemenis lo
200KHZ

¢ dB messuremants

« Basic dc accuracy Q.4%; 104y,
10 nA and 10 m{} sensitivity

* Relative meaSuremenits
* Trus AMS

* High-apeed Baepar

1

* Functions a8 three separale
aupplies

* Exchutive tracking cireuil
+ Fixed output 5¥DC, 54
* Twa 0 to 25vVDC outpuls al D.5A

* Fully sutomatic, current-limlted
overload proleclion

FUNCTION GENERATORS

MODEL

ODEL 531095

SWEEP FUNCTION

* Four instrumerts In ona package
= sweep generstor, function
generator, pulse generalor. lone-
bursi generalor

* Covers 0.02Hz-2MHz

+ 1000:1 {uning range

* Low-distorllon high-accuracy
outputs

e

8329 ¥, MODEL 1650

Ny <
MULTIMETERS § &F

s Analog Display e Rota%Knob s Volts AC &

DC » Reslstance to » 32 M{2e 10 Amps » Diode
Test » 3200 Counts ® Fast Autoranging  Function
Annunclators in Display * Power-Up Self Test

s 2000+ Hour Battery Lite wf Power Down ‘“‘Sleep
Mode” » New Test Leads » VDE & UL Approval

*99% 85*

75 73
* 0.5% Accuracy * 0.7% Accuracy
* Manual or * Autorange Only
Autorange ¢ 10 Amp Only
¢« 10A + 300 mA
Range I 4G pov i |
* Beeper CL Al :
70 MHz Dual Time Base
SCOPE MODEL
PR{C!S!UN ]'" . e
INDUSTRIAL | i
TRANSISTDR ::1D ?j
TESTER 3
5199395 i u:\
MsgggL PRICE DOES NOT

INCLUDE PROBES

® Now with HULO Drive * imVidlvision sensitivity to 70
MH2Z

® Works in-Circuit when
others won't

® |denlifles all three tran-
slstor leads

& Random lead connection

® Audibly and visually in-
dicates GOOD transistor

§8  CAPACITANCE METERS
g s199% S159%
MODEL B30

MODEL 820
8 Automalicaily mea- ® Resolves to 0.1pF
sures capacitance

® 4 diglt easy-to-read
trom 0.1pF to 200mF

LED diapiay
8 0.1pF resolution ® Fuse protected
8 (.2% basic against charged
accuracy

capacitors
® 3% digit LCD dlsplay 8 Overrange Indication

* 500 4 Vidivision cascade
sensitivity

* Four-input operation Provides
trigger view on 4 separate Inpuls

* Aitermate lima base cperalion

* Swltching power supply delivers

besl efticiency and regulation at
lowast weaight
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V-1050F

100 MHz Quad Trace
wfdelay sweep

vasor 309

60 MHz Dual Trace
widelay sweep

HI-PERFORMANCE
PORTABLE
OSCILLOSCOPES

£15 SHIPPING WITHIN

BECKMAN’S CIRCUITMATE * A
ALL UNDER $100  ——_

AVAILABLE NOW. .
569

%64 %
Circuitmate DM-40 — The DM73 Is the smallest digital
e e 3&-&9&6?32??:& mbtielflrlrl?ler orll the market. lts
20— | usacy, robe-style design makes it ideal
Judgi, 3%4.::;: Bizo= diode test, aulo- For taking measurements In hard-

polanty, auto-zaro,
accuracy. dlode test, l:lto-decimal to-reach test areas.
hFE test, conductance,

10 amps AC and DC 389 95

rangas, auto-polarity
¥ Circuitmate DM 45 —

PRICE DOES NOT INCLUDE

*Small Size

auto-zero, auto- *Complete

decimal

3%-digit multimeler, Autoranging
95 0.5% Vad X ]
579 diode tesfc%??ﬁ'ﬁﬂft" *"Touch Hold"

* Audible
continuity
checking

ggr 10 amps A
and ranges, auto-
zero, aulo-polarity, 376 95

auto-decimal

Clreuitmate DM-25—
3% diglt, pocket-size
multimeter; 0.5% Vac
accuracy. dlode test,
capacliance, contlnulty
Deeper. conductance,
10 amps AC and DC
ranges, auto-polarity,
auto-zoro, auto-
decimal

The DM 77 glves you
the cenveniance of
autoranging plus 10
ampSs acidc
maasurement
capabllity. You simrly
select the tunction
Ou wanl, and the

DM 77 automatically
515 1he required
range.

roLrreeHorimne  THE TEST EQUIPMENT SPECIALISTS
800-223-0474

26 WEST 46th STREET. NEW YORK. N Y. 10036
al:S 212-730-7030
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WHAT’S NEWS

A major new printed-circuit-
production process that will give
producers of printed circuits sav-
ings ranging into millions of dol-
lars has been developed by
scientists of the General Electric
Research and Development Cen-
ter at Schenectady, NY.

Secret of the new process is a
family of special metallic “inks”
consisting of a liquid polymer
“loaded” with fine powdered met-
als—a mixture of iron and nickel.
To define the circuit pattern, the
ink is transferred to an insulating
substrate (circuit board) by screen
printing. The board is then run
through an oven to harden and
cure the ink.

The board is then dipped into a
copper-sulfate bath to plate it with
copper. While in the bath, some of
the metal powder in the cured ink
pattern dissolves (going into solu-

G.E. SCIENTISTS ROBERT WO )NAROWSKE {right) AND CHARLES W. EICHELBERGER in the
final stage of a new printed-circuil process expected (o save millions of dollars 3 year.

Revolutionary advance in circuit printing

tion as femric sulfate) and copper
from the bath takes its place. The
process takes about five minutes
{versus as much as eight hours for
older techniques).

with the new process, circuits
can be printed on almost any sub-
strate—glass, paper, plastics and
even (properly insulated) steel. A
new polymer insulation makes
steel a highly practical substrate.
The insulation has high dielectric
strength, and is flexible, enabling
the steel to be bent, if desired.

With the new insulation, cost
savings of over 10:1 can be
achieved by fabricating multi-layer
circuits. The single-layer printed
circuit is coated with the dielectric
layer—leaving holes where layer-
to-layer interconnections are de-
sired—and another circuit is laid
out on it. The procedure is repeat-
ed to form a number of layers.

% :
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DBS applicants alter their plans

Three DBS applicants—CBS,
western Union, and RCA Amer-
icom—have altered their plans,
leaving only five applicants pre-
pared to commence DBS program-
ming by the end of this decade.

CBS has abandoned its DBS
plans, and has dropped out of a
possible joint venture with Satel-
lite TV Corporation. Western
Union has also decided not to pur-
sue its proposed Ku-band service.
Rather than withdrawing com-
pletely, RCA Americom has scaled
back its plans. They have
postponed any possible start-up
until at least 1989, and will use just
two 16-channel satellites as op-
posed to their originally proposed
four.

Many of those still proceeding
with DBS are altering the details of
their proposed services. For exam-
ple, STC, a subsidiary of Comsat,
now is seeking to co-locate two
satellites at 110° west longitude in-
stead of their originally proposed
101°. STC also wants to use six
channels to cover the entire U.S.
upon launch. Originally they
planned to start offering service to
Just the eastern part of the country,
with western-U.S. service to com-
mence |ater,

New infrared detector
may be used in space

A new way of making ultrasen-
sitive indium antimonide infrared
detectors usable in space satellites
should result in an appreciable im-
provement in the imaging abilities
of satellites that are used for
weather forecasting and a host of
other applications.

Until now, indlum antimonide
detectors have been limited to
land-based equipment or aircraft,

continued on page 21
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LITTLE
THINGS
MEAN
A LOT

Being the first company to

make solderiess breadboards

isn't necessarily what makes

us the best. It’s all the little Leads

things you don't see, like our  won't buckle, Clips

spring clip terminals. that make won’t oxidize, it all adds

AP*PRODUCTS up to longer life.

ACEBOARDS so = Even from the out- see there

big on reliability. <" js  side there's more is more than a pres- P~
From our larg- /'."‘ , to an ACEBOARD sure sensitive mount.

est ACEBOARD / than meets the It also insulates to prevent

with over 5000 tie gye. Our durabie shorts and seals the bot-

points, to a single tle . Acetal Copolymer tom of the individual work pertectly, bring it

point block, our Spring clip plastic body s a spring clip cells. back to your AP PRODUCTS

terminals give you nothing goodinsulator withexcellent  {f solder shavings from distributor. He'll reptace it,

but goed, solid contact on dielectric properties. . ¢ resistors orcom- No hassles,

every connection. They accom- And special manu- H _ ‘ 1 ponent leads To heip you see for yourself

modate a wide variety of leads facturingtechniques f i drop Into the what a big difference the little

and have the best electrical intheinsertionofthe celi, they can't  things make, we're oftering

properties, because Our 8pring  contacts into the spread into you a 10% discount on the entire

clips are solid alloy, not plated  plastic body insure othercellsto AP PRODUCTS ACEBOARD/

nickel. We've even developed that your Breadboard short them out. Breadboard line.

enough normal force to break  will always remain Take a close Just flll out the coupon

through any oxides which could flat. No skimplngor lock at our and present it to your

occur on s0lder plated leads. plannedobsolescence ACEBOARDS. AP PRODUCTS distributor.

You've come to trust our test here. Again, just good AP PRODUCTS

—

l

clips for the same reason. solid contact on has the biggest

Since one bad connection  every connection. and most com- Py
can ruln a whole circult, we pay  Turnour breadboard plete line of .
ciose attention to how well our body over...and you'lldls-  ACEBOARD sizes. It's e \ I l '
spring clip terminals sit within  cover another key to It's also our commit- - 3
the Insulator cell areas. reliability. The ment to you i
Spring cllp edges are double-sided that if your / //
never ex posed at the adhesive ACEBOARD
Insertion window. [ foam you'll doesn't

Fox the name of the \
distriutor nearast you,

call TOLL FREE [BD0) 324-9604

H 1]
(1n O, call colect. (216) 384-2101], This coupon is worth 10% off the purchase

price of any size ACEBOARD or Breadhoasd product.

CIRCLE 87 ON FREE INFORMATION CARD 100015-1259
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|
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NRI gives you ALL
need to repair ALL

When you've learned the

basics the NRI way, you can
troubleshoot the entire system—
and earn good money doing it!

“Uh-oh. The computer’s
down. Again.”

Surely the above words are
the most dreaded sounds in
most offices. For business
owners, lost computer time
means [0st money. For
customers, it usually means
frustration, delay and a strong
temptation to take a walk to the
nearest competitor.

But for the NRI-trained
computer service technician,
adown computer can mean
higher eamings or even the
oppertunity te start your own
computer-maintenance
business.

Fixing computers:
fastest growing occupation
in the U.S.

Whether the flaw is in a cir-
cuit board, a disk drive (often) or
a printer (very often), everybody
wants it fixed—and fixed fast.

It's little wonder that
America's continuing love affair
with the microcomputer has led
to growing job opportunities.
The U.S. Department of Labor
recently projected that the
number of computer service
jobs will double before the year
1995. The same agency also
reports median earnings of full-
time computer service techni-
cians are $430 per week (with

Total System Training from
NRI: Boards to Peripherals
As an NRI graduate, you'll
be qualified to fix just about
everything that can go wrong,
for any major brand of desktop
microcomputer (and a large
chunk of the aging minicomputer
population,

as well).

much higher earnings for
experienced service per-
sons). And while all
computer-related job
opportunities are
expanding, the
computer service
technician is the

fastest growing job
category of all (48%
faster than electrical
engineers, 92% faster
than injection moltd
machine gperators).

Choose from a
wide variety of
career paths

As a
trained com-
puter techni-
cian, you have
an unusually
wide variety of
choice of
career paths:
working for a
large corporation
or an independent;
making office calls or
stayingin the shop;
working for a retailer or
for a specialized service
firm—even starting your
OwWnN prosperous computer
repair business, The demand
is everywhere— and the demand
is growing.

arin

BM I 8 Régrtersd Trademan of

I ! Meching C.

Epaon i a Regotersd Trademark of Epaon Amenca, Inc!
Appie and the Apphe logo 2:¢ Regratersd [ adertarks of
Appie Computer. NG,

Compsq I8 & Registersd Tracdemark of COMPAQ
Computer Corporstion.

T11984 ATET Technologies, inc.
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'he training youll
MICrOCOMPULters.

Only a person who knows
ind fully understands all the
inderlying fundamentals of
nicrocomputers can hope to be
Ible to tackle all microcom:-
wuters. NRI has known the need
or thoroughly understanding
undamentalis since 1914, when
ve trained the first of our over
ne million technicians.

NRI's training is hands-on
raining. We know, and you
inOw, that theory without prac-

ical exerclses is soon forgotten.

30 we give you
yoth. You get
yractical
perience

n writing

programs n BASIC, testing and
debugging systems. You'll learn
how to install an expansion
board, how to troubleshoot
pesky circuit flaws. Using NRI's
exclusive Discovery Lab®, you'll
perform over 60 experiments.
You'll learn how to fix the
slipped disk drive and how to fix
the #@!''@ printer.
Learn at home, in your
spare time
You learn at your conveni-
ence, at your own most com-
fortable pace. Without
classroom pressures,
without rigid night-
school schedules,

Your personal NRI in-

are with you all the way.
They'll answer your

guidance—even

you need it.
Computer, disk

wlthout wasted gasoline.

structor and the NRI staff

questions, give you

give special help it

printer and manuals—is yours
to keep, as part of your training.

Your NRl catalog is free;
send the card today

Send the postage-paid
card now for your free 100-page
catalog from NRL It's the first
step you'll take toward joining
the growing, exciting world of
microcomputers. Your NRI train-
ing can tead to wider oppor-
tunities and a better income.

And NRI, the oldest and
largest home study school, is
ready to help you get where you
want to go. {Note: if the card has
been removed, please write to
us today and ask for our free
100-page catalog.)

drive and printer
—all yours to

keep
As part
of your
I training,
i you work Your NAI course includes this modern 64K
_ with a RAM microcomguter, dual-density disk
TRS-80 drive, dot matrix printer. . . plus a proles-
i Model 4, a sional LOD multimeter, NAI Discovery Lab
/ /.'r owerful and hundreds of demonstrations and
Y mi% r;vc; axperrments. It's alf yours 1o keep.
1 m-
puter with many of ”a’
the features and SCHOOLS

capabilities of machines

costing three times as much.

You'll install a doubie-

density disk drive and a Gemini

10X printer. And the entire
system—computer, drive,

McGraw-Hill
Continuing Education Center

3839 Wisconsin Avenue
Washington, D.C. 20016 Y

we'll give you tomorrow. K21
TR 80 & {rademrs 8 e Radio Shach drasion of Tandy Gomp.
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over 3,000,000 Sold
and still the world's

Most Preferred,
Multimeter. . .
Analog or Digital

Does Things
That Even the Best Digitals

Are Unable to Do, Including Oours

(And We Have 16 of the Bestl)

* “Instant” continugus nuil, peak, trend and continuity
indications

¢ High Immunity to transients and RF Interference

* Does not generate EMI {¢lectromagnetic interference)

+ dB rénges at no extra cost

Highest commaon mode and normal moda rajectlon
Resistance Indication from zero to infinity

Selt-powered on all voitage, current and dB
ranges—no batteries or AC iine connections
Reillable, accurate performance, evén under éxtreme
environments

+ Easy, low-cost malntenance — no expensive “chips”’
to fail

¢ UL Listed per UL 1244 "'Standard for Safety—Elec-
trical and Electronic Measuring and Testing
instruments*’

* Pius a complete line of UL Recognized test accessor-
ies — test leads, amp-clamps, H.V. probes

« Optlens include mirrored scale, overload refay protec-
tions, ever feady case, roll top carrylng case, et al

%00 WA —— I - 100 MA_

=, 0 WA
Sy oz
Gy (LS

e 13
e, | A6
J
SO, = Pak
gy
o -

O

won v

r
LIl
£ — R 0o0o QU
b

& ALL TEASINALS (LW WA,

The Simpson 260
Family InCludes
12 UL Listed VOMS

W T —_—

| 1984 - QUR SOth ANNIVERSARY YEAR

Tal 188 =1 e 1T ]

- | - ‘
A Kaly Industries. inC. Subsidiary
853 Dundgee Avenus, Eigin, liilnols 60120-3090
{312) 697-2280 » Telex 72-2418 » Cabie SIMELCO
IN CANADA: Bach-Simpson, Lig, London, Ontarky
IN ENGLAND: Bach-Simpson {U.K) Lid.. Wadebrigge, Cornwall
IN INDIA. Ruttonsha-Simpson Private, Lid.. Vikhiol, Bombay

And for Those People Who Want a Digltal as Well as an Analog VOM. . . SImpson Has the Largest Line

of Hand-Held, Hand Portable and Bench-Portable DMMs

CIRCLE 25 ON FREE INFORMATION CARD
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WHAT'S NEWS

continiced from page 14

because of their extreme cooling
requirements. Such detectors
must be operated at temperatures
below —300 degrees F, making
cooling with liquid nitrogen or he-
lium necessary. Those coolants
evaporate and must be re-
plenished, ruling therm out for un-
attended space satellites.

The material prepared by Gener-
al Electric scientist Dr. Wirojana
Tantraporn will permit detectors
to perform effectively at — 240 de-
grees F. That temperature can be
maintained indefinitely by satellite
refrigeration systems powered by
solar cells.

Dr. Tantraporn determined that
certain types of impurities in the
material were important in deter-
mining its operating temperature,
and was able to develop a process
that controls the type and amount
of impurities. In his process, a
conventional indium antimonide
wafer is coated with a thin, high-
purity overlayer consisting of indi-
um, antimony, and a special im-
purity, or dopant.

In-office “voice mail”
developed by Fujitsu

An intra-office “voice mail”
computer system that can log a
voice message into a storage unit
and forward it to the recipient later
is announced by Fujitsu. Message-
recording systems are familiar, but
previous ones have been able only
to record the messages on an aux-
iliary tape recorder.

With the new voice-mail system
{VMS), if the caller finds the exten-
sion he has called busy or unat-
tended, he flashes the VM5 and
repeats his message. The VMS
stores the message, then
periodically rings the called pany
until the receiver is picked up.

The VMS provides up to 2,000
extensions with services, and can

process up to 24 messages at once,
with a storage capacity of 1,400 60-
second messages. That capacity is
attained by converting |he analog
phone signais to digital signals,
then storing them by “adaptive dif-
ferential pulse modulation.” In
that system, a signal is recorded
only when it differs from the one
preceding it. That results in a great
saving of space.

The VM5 can be used to connect
a number of offices in different lo-
cations by connecting the offices
with leased telephone circuils.

Parallel recording
permits high speeds

A new technique records infor-
mation onto an optical disc
simultaneously from three semi-
conductor lasers that are on a sin-
gle IC. The new system, multi-
channel recording, can store and
retrieve vast amounts of informa-
tion at speeds hitherto impossi-
ble. It was developed by scientists
of RCA laboratories at Princeton,
NJ.

Three high-power semiconduc-
tor lasers, mounted on asingle IC,
are the central feature of the de-
velopment. They record informa-
tion by creating tiny pits in a light-
absorbing layer on the disc. Each
pit is less than thirty millionths of
an inch across. The information
from the three lasers is simul-
taneously recorded in three close-
ly spaced parallel grooves. The
disc that is used is 14 inches across
and can store 100 billion bits. A
low-power laser retrieves the in-
formation.

“Modern high-speed communi-
cations, such as microwave signals
from satellites or light pulses in
optical fibers, can easily over-
whelm single-channel storage sys-
tems,” says an RCA spokesman.
“With multi-track recording, infor-

WWWW americanradiohistorv comm

mation can now be stored at ex-
tremely high data rates. In the
future, large computer main-
frames that require mass storage
of data would also benefit from
multi-channel optical recording.”

Telex to take over
Raytheon Data Systems

Raytheon Co. and Telex Corp.
announce an agreement in which
Telex Computer Products, Inc. will
acquire the assets of the Raytheon
Data Systems Division. The pur-
chase price Is eslimated at more
than $200 million.

The companies indicated that
about 2,100 employees of
Raytheon Data 5ervices and Leas-
ing Co. will be able to transfer to
Telex, to service Raytheon custom-
ers. Telex has expressed its inten-
tion to establish operations in
Massachusetts, largely to service
the large base of airline users it will
obtain as part of the agreement.

Future direct-broadcast satellites
to be most powerful

The United States Satellite
Broadcasting Co. (US5B) of Min-
neapolis, has let a contract for two
high-powered direct-to-home
broadcast satellites (DBS). Both
design and construction has been
contracted to RCA Astro-Elec-
tronics, East Windsor, NJ. Operat-
ing at 240 watts-per-channel, they
will provide TV pictures and stereo
sound of the highest quality to all
50 states, Puerto Rico and the Vir-
gin Islands.

Because of the high power of the
satellites—greater than anything
yet built or contracted for—home
owners will be able to receive their
signals on inexpensive 24-inch
dishes on their rooftops. The first
launch is scheduled for 1988. R-E
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LETTERS

SINCLAIR LIVES

| have been enjoying your maga-
zine for some time now, and | have
found your articles informative
and accurate. | did spot a com-
ment in the July 1984 issue which
bothered me a bit, though. In the
article “Interfacing the ZXx81,” by
Neil Bungard, one sentence reads
in part, “And now that the'comput-
er is no longer being produced,
you can....”

Not so! While we all know that
Timex has stopped producing the
TS1000, Sinclair is not dead, and in
fact has recently signed a deal with
an eastern firm (whose name, un-

fortunately, escapes me at the mo-
ment) to produce more ZX87s.
Lest anyone believe that | am in
any way detracting from Mr. Bun-
gard’s article, let me say that | have

WRITE TO:

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

every intention of building his cir-
cuit or a variant of it, as | have with
the last few circuits for the 757000/
ZX81 that you have printed.
while your publication is not
completely dedicated to comput-
ers, radio, or any other specialty (a
fact | enjoy very much), it may in-
terest you to know that | consider
your articles among the very best |
have seen.
TIM RUSSELL
Thousand Oaks, CA

VIDEODISC INFERIOR
Your “Video Electronics” col-
umn in the July, 1984 issue of Radio-

RADIO-ELECTRONICS

]
LX)

Be. SUI'e sov
with RCAs
Antistatic Kit.
Protect static sensitive devices
from costly damage.

Electrostatic charges build up all
around the work environment, posing a
constant threat to static sensitive devices.

RCA’s Antistatic Kit {Stock No. 162351)
protects these devices from the damaging
effects of static buildup. The kit consists of a
static dissipative mat, a lightweight wrist
strap and coil cord, and a six-foct ground-
ing cable that safely drains electrostatic
charges to ground.

No matter what kind of static sensitive

devices you 1est, repair, or work with, you
need RCA’s Antistatic Kit working for you.
See your RCA Parts Distributor; or for more
information write RCA Distributor and
Special Products Division, 2000 Clements
Bridge Road, Deptford, NJ 08096-2088.
Aftention: Sales Promotion Services.

“c " Distributor and
Special Products Division
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a9 MHz Dual Trace

W’Ith

FROM FORDEAM
AVAILABLE @NW’ RO RODHA
Descrl tlun Its thin, light, compact design leatures a large 6 inch rectangutar, internal graticule
CRT with percent calibrations, autofocus, scale illumination and photographic bezel.

Reward Eliminates distortion and parallax High performance. Most cost effective scope around,

B MASTERCARD ®VISA ®EBCOD. BMONEYORDER BRCHECK

C.0.D'sexira{required 25% deposit) « Add 58 501or shippingandinsurance & NY, Stateresidents addappropnate salestax

TOLL FREE

Fordham (o) 645-9518

260 Motor Parkway, Hauppauge, New York 11788  In New York State Call 800-832-1446

HITACHI
Cat. No. V-355

THE MOST WANTED!
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Electronics, contained a reference
to RCA’s “nobie experiement”
with CED videodisc, and
eisewhere | read that a high RCA
official had said, in effect, that the
CED debacle was a “technical suc-
cess but a marketing failure.”
Those comments annoy me be-
cause the obvious reason that the
system failed—as anyone who
owned a VCR and a CED system
could testify—is that the CED sys-
tem was significantly inferior in

performance to YCR systems. |
own about ten CED videodiscs,
and have viewed at least twice as
many rental tapes. All the rental
tapes were of obvious higher
quality that the best of the vid-
eodiscs. That reflects comparison
between used tapes and abso-
lutely new discs; the disc deterio-
rates rapidly with replaying.

All the videodiscs | own arrived
with skips (those are just like the
similar defect in an audio record;

The Circuitmate Family

N Froxsl
w: ———

LEADER
Instruwmanta Corp

Tektronix
KEITHLEY

HriTacH:

A R e W

= Polaroid

Designed for maximum convenience and ease of use.

Special features found only on certain models include:

® full line of accessories

® tiitbale

el
O\ e,

® autoranging
* "“touch hold”

® gasy access battery hatch

(ara Peve cowony

HAMMEDD

X s

WESTON

® anti skid pads

Prices range from $59,95 t0 $89.95

Allmodels except for the DM73, are made witha rotary
dial which makes selection simple with a bright clear display.

Bockrman [ndisstrist”

SOLTEC ™

CORSORATION

The Professional Test Equipmeni Source

The Instrument Mart
295 Community Orive, Great Nack. New York 11021

(516) 487-7430 ouniss v.v. (800} 645-6535
e e e |
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the picture shifts abruptiy as a
small section of the program is
skipped over). Every single one
had at least one of those defects; |
haven’t counted, but my impres-
sion is that they invariably had
many (five or ten) skips on arrival.
Such defects increased with re-
playing.

| don’t mean to beat a dead
horse. What | find annoying and
disturbing is the apparent inability
of American companies and tech-
nical observers to dislinguish ex-
cellence from mediocrity.
GREGOR OWEN
Port Jefferson, NY

PREFERRED CHOICE
CLARIFIED

| don’t quite understand why

| Mr. Rich Taylor disagrees with me.

{Radio-Electronics, “Letters,” May
1984.) in the February 1984 issue, |
stated that ~...| didn’t think com-
puter-circuitry articles have been
emphasized too heavily.” That is
evident by the number of people
retaining Radio-Electronics sub-
scriptions and dropping others
like Computers & Electronics. |
didn’t say or imply Radio-Elec-
tronics should become another
computer magazine,

My point was that Radio-Elec-
tronics shouldn’t go out of its way
not to publish articles that deal
with computers. After all, comput-
ers most definitely do have a place
in what he called, “The last good
general-interest electronics maga-
zine...” (I couldn‘t agree more
about that description of your
magazine.) It seems to me that Mr.
Taylor misunderstood my mean-
ing. | hope that this clarifies it.
EDWARD W. LOXTERKAMP
Cincinpati, OH

NO COMPUTERS—PLEASE

I am writing to emphatically
agree with Richard Taylor’s letter in
the May 1984 issue of Radio-Elec-
tronics; it is indeed the last good
general-interest electronics maga-
zine around. Since Popular Elec-
tropics changed its emphasis and
name, its Interest and value to me,
and, l'll bet, to many others who
formerly subscribed, plunged to

| Zero.

You tell us that your insert, Com-

| puterDigest, takes “no editorial
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Take your
- family

heyond

Enter the fascinating world of the home robot

HERGC JR is a friendly, dynamic home companion
rabot. He'll wake you in the morning, guard your home
at night, and entertain throughout the day with small
talk, songs, and games.

Buy HERG JR assembled, ready to roll out of the
box. Or, build him from a simple "We Won't Let You
Fail” kit. Either way, you don't need to know anything
about robots. His built-in personality is fully pre-
programmed. A flip of the switch turns him into your
personal robot. Let him move on his own or direct him
with a wireless remote control.

Slip in a new cartridge for more pre-programmed
phrases, games and actions. And, with his RS-232
intertace, optional HERO JR BASIC and a personal
computer, you can write your own programs.

There's a lot to [earn...and even more to enjoy! So,
for less than the cost of a home computer, introduce
your family to the wonders of robotic living.

See HERG JR at Heathkit Electronics Centers® in
major cities across the U.S. and Canada. Consuit your
telephone white pages for the store nearest you.

OR SEND TODAY FOR MORE INFORMATION!

Mall this coupon todey. Get your...

FREE Heath Catalog.

Full color, tuli Intormation on HERO JR plus
over 500 other fascinating clectronlc kits.

Mali to: HEATH COMPANY
Dept. 020-238
Benton Harbor, M1 49022
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space away’. Well | stopped bellev-
ing in afree lunch many years ago;
maybe it doesn't represent a sub-
traction, but then it must repre-
sent time, energy, and money that
could be added to what you are
presently offering.

Please continue with the good
thing you’ve got, and maybe add
to it with some of the features and
authors that that other magazine
used lo have. You'll be unique, in-
stead of another one of some

The
Professionals’
Choice

For your free copy of the PTS
Price and Technical Information
Guide write:

CIRCLE 52 ON FREE INFORMATION CARD

PTS makes my job easier with 'one stop |
shopping'. All the modules and tuners | need
are avaj
get fast, 8 hour rebuilding, or 1 can makea
quick exchange at over 1500 distributors

Try PTS rebuilt modules and

,/""\

~ PTS CORPORATION

~ P.O. Box 272

- Bloomington, IN 47402
- (812) 2&-9;3:_!1

twenty-odd computer magazines.
SIDNEY F. KAHN,MD
Norwalk, CA

A READER COMMENTS

| received the June issue of Ra-
dio-Electronics just two days ago,
and | have completed the first
reading. | am moved to forward my
comments immediately.

Your speclal section “Receiving
Salellite Television” was timely,
competent, informative, and ex-

Je right behind the counter. | can
throughout the country.”

tuners for:
+ Fast 8 hour
rebuilding service
- Full vear [imited
warranty
- Availability at
over 1500 au-
thorized
stocking
distributors
N len}'
rebuilts
that meet or
exceed
original
manufacturers’
specs
+ One stop
shoppin
or afl
makes/all
models

£ iry R
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tremely well done. | am now re-
tired from the electronics field
after many actlve years, solam not
closely in touch. This provides an
excellent forum for summarizing
the current state of things. Thanks
for a job well done.

Although | am not yet active in
computer programming, | have
hopes for the near future; we have
acquired an 1BM PC and printer in
our home. | ieel confident that
your ComputerDigest section will
become a valvable and useful re-
source for me,

1 wish | could be as complimen-
tary about Robert Grossblatt and
his “Drawing Board” articie on
page 88. It is a masterful combina-
tion of self-adulation, obfuscation,
and derision of mathematics,
which patronizes his readers,
states incorrect information, and
fails utterly in explaining how the
circuit worked. 1 knew how it
worked until | read the article.

It was gratifying to learn that 36°
is %o of 360° and that the Q outputs
of the CD4018 wired decade coun-
ter repeats after five counts. Me-
thinks he would find the timing
diagram in the specification sheet
fascinating reading.

Why did he mention Fibonacci
numbers? Is he interested in rab-
blts? He should be aware thal
these numbers rarely scare any-
one. Most people have never
heard of them and could not care
less. Those who have, know them
to be simple and not very useful.

My enthusiasm remains sub-
stantially undaunted. Keep up the
good work.

L.D. SMITHEY
Pacific Palisades, CA

ADDRESS NEEDED

Recently | have been asked to
repair a model 200 audio amplifier
manufactured by Integral Sys-
tems. | have tried to obtain a set of
schematics for the unit but have
been unable to contact the com-
pany. The address that | have for
the company is 463 Salem Street,
North Wilmington, MA 01887. If
you or any of your readers could
help me to locate the company, |
would be grateful for your help.
Thank you.
KENNETH MONGELLUZZO
Box 608
Newfield, Nf 08344 R-E
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Now there’sa
new breed of
Beckman Industrial
Corporation hand-
held DMMs tough
enough to withstand
accidental drops,
inpqt overloads and destructive
environments.

The new HD100 and HD110
DM Ms are drop-proof, packed with
overload protection and sealed
against contamination, You won't
find a more rugged meter than our
HDs.

Drop Proof

Constructed of double-thick
thermoplastics, the HD100 series
DMMs resist damage even after
repeated falls. All components are
heavy-duty and shock mounted.

Contamination Proof

The HD series meters are
designed to keep working even
arounddirt, heavy grime, water
and oil. The special o-ring seals,
ultrasonically-welded display
window and sealed input jacks pro-
tect the internal electronics of the
HD meters. The cops-proof meters
are sealed so tightly, they even
float in water.

Accidental Overload
Protection

All DC voltage inputs are pro-
tected up to 1500 Vde or 1000 Vrms.
Current ranges are protected to
2A/600V with resistance ranges

protected to 600 Vdc. Transient pro-

tection extenda up to 6KV for 10
microseconds.

More Meter for
Your Money
For starters you can get 2000
hours of continuous use
CIRCLE 7 ON FREE INFORMATION CARD
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from a common $V
transistor battery.
You cap run in-circuit
. diode tests and check

continuity. You even
get & one year warranty.

The 0.25% basic de volt accu-
racy HD meters serve you with 7
functions and 27 ranges. The HD
110 also givea you 10 AMPS ac and
de. With one simple turn of the
single selector switch, you ean go
directly to the function and range
you need. There's less chance of
error.

Also avatlable iz the electrical
service kit. It includes the meter of
your choice, a current clamp,
deluxe test leads and & heavy-duty
case designed to carry both meter
and accessories, conveniently.

Feature for feature youcan't
find a more dependable meter with
prices starting at just $§169 (U.S.
only).

To locate your nenrest distribu-
tor, write Instrumentation Prod-
ucts Division, Beckman Industrial
Corp. A Subsidiary of Emerson
Electric Company. 630 Puente
Street, Brea, CA 92621 (714)
773-8111.

2ee Jercdo gt izl '™

Borkrn
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IT IS ESTIMATED THAT THERE ARE SOME

Wersi Pianostar S2000 30 million pianos in the united

4 . states. Most of those are of the
Electronic Piano mechanical variety that everyone

is familiar with. Some, however,
are quite different—they are elec-
tronic. In those, advanced elec-
troni¢ circuitry replaces the tradi-
tional strings, hammers, etc.

In this review we are going to
look at one of those electronic
pianos, the Pianostar S2000 from
Wersi (1720 Hempstead Road, Lan-
caster, PA 17601). An interesting
twist is that that piano is one that

A versatile electronic
piano that you
can build yourself.

CIRCLE 101 ON FREE INFORSMATION CARD you can build yourself.
continued on page 30
IC Test Clips PRB-1 Logic Probe
Unlike “clothespin® lype test clips which can Compatible with DL TTL, CMOS. MOS ond
strerss 1C°s and even accldentally I0osen or Micro-processors using a 410 15V powel
extract them, the CHIP-CLIP attaches by means supply. Thresholds automatically

ol a snap-action locklng fng thot ensuras
rellable conioct but with vitually no stress 1o the
device under tast.

programmed, Automatic resetiing memory
No adjustment réquired. Visual Indication of
logic levels, using LED's to show high. [Ow, bag
level or open clrcult logic ond puises. Highly
sophisticated. Eliminates need forheavy tesi
aquipment. A definite savings in fime anc
moneytor Engineer and Technlcian

’--.:__-_l"
e

PLS-1 Logic Pulser

PLS-1i$ @ muit-mode high currént pulse
geneaiator packaged inahand-helc
instrument. Signal Injection Is by
means ot a pushbutton switch

near the probe tip

Pulse polarity is automatic. Holding
the button down dellvers aseries o
uises ot 20 pps to the circuit under test

CC-3640

OK

3455 Conner Sreet Bronx, New York, 10475, USA.  [IRRINRI TN
Tesers 125091 OK NYK. Townx 232395 OK NY UR ln('
CIRCLE 30 ON FREE INFORMATION CARD Phone (212) 994-6600. :
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HITACHI
G_i\c‘mm PRECISION TRIPLETT
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HICKOK VIZ nda

... Quality and
Performance

Beckman and

l ELI-J:KE

MODEL BOS0A

4%z DIGIT
MULTIMETER! *
[ | Fr.quency

mwasurements 10
200KHz E ]

4B measure- a
ments

8 _Basic dc accura-
cy 0.04%; 10 uV,
10TnA ‘and 10 mt

Continuity'snd rela.-
tive reference func-
tions identical 1o
8060A.

True RMS measurs
ments [0 30 kHz.
Basic dé
accurady_

0.053“0; W

aVe 10 nA

and 10 m{}
sensilivity’

4> Digits...
True RMS

sensitivity,

s Beeper
8 Relative-measure-
menis 00-
‘ - = A Trom RS $279
$349% Al

———

Full Line-All Brands of Test Gear

Call Toll Free
For Prices

100MHz Dual Time
BASE SCOPE

MODEL 4410

BECKMAN
does it again .
true RMS 4'2 DMM
w/1 year calibrated
cycle at a 3'% digit

*239%

price. AVAILABLE NOW!
DCV 200mV, 2V, 20V, 200V, 1500V .06%
AC V 200m\ 2V, 20V, 200V, 1000V =0.5%
DC A 200uA, 2mA, 20mA, 200mA, 2A, 10A 0.3%
AC A 200pA, 2mA, 20mA, 200mA, 2A, 10A 0B%
19 2K, 20K, 200K, 2M, 20M +0 1%
o LINE
U 1oLL FREE HOT

-0474
E 800-223"

212-730-7030
26 WEST 461n STREET. NEW YORK, N Y. 10036

"~ THE TEST EQUIPMENT SPECIALISTS

ELECTRONIC

MODEL Wiwie Quanites last
1590

® 1mV/division sensitivity to 100MHz

& 500 Vidivislon cascade senslitivity

® 2r/division sweep rate with t0 X magnifier

8 Four-inpul operation provides trigger views
or lour separate inputs

8 Seiectable 1Mi} or 501! inputs

® Atternate timebase operation

I ® 20MHz bandwidth limlter for best vi(?w of

low frequency signals

8 Lighted functlon pushbultons empioylng
electronic switching with non-volatiie RAM |
memory

8 Switching power supply dellvers best
eftlciency and regulation at lowest weight

® Seleclable trequencies for c!\op operation

A

ADVANC =
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continued from page 28

The Pianostar

The Pianostar 52000 is a versatile
electronic musical instrument. Itis
housed in an attractive wood cab-
inet and measures 40% X 57% X
22% inches. The keyboard has a 7-
octave range. The unit boasts two
60-watt RMS audio amplifiers.
Sound output is available from
three sources: speakers, a head-
phone jack, and a tape-recorder
interface.

Eight different “voices” or
sounds are available from the
Pianostar. Two or more of those
voices can be selected simul-
taneously for special effects (more
on that later), etc. The voices
“piano” and “harpsichord” sound
just like their familiar mechanical
counterparts. The “cembalo”
voice sounds much like a harp-
sichord, except that every key
sounds at its normal pitch plus the
pitch that's one octave higher. An-
olher name for the “honky-tonk”
volce might be player piano, be-

cause that voice sounds just like a
player piano.

The forerunner of the piano
used metal plates instead of
strings. The resulting sound is, as
you would imagine, rather harsh.
That sound is simulated by the
unit's “kinura” voice.

The unit's “banjo” voice sounds
very much like the instrument for
which it is named. Other voices
include “rock piano” and “stage
piano.”

The two foot pedals normally
function exactly like their mechan-
ical piano counterparts. The |eft
pedal serves as a damper; theright
one adds a sustain. In the
Pianostar, however, new functions
can be assigned to the pedals by
simply depressing a switch. De-
pressing the Hawail switch asslins
a new task to the left pedal. In that
mode, each time that pedal is de-
pressed, the overall pitch drops by
half a tone and then returns slowly
to normal. With some practice,
youwill be able to accurately simu-
late a “Hawaiian guitar” sound.
When the viBratTO PEOAL Mode is
selected, depressing the left pedal

Enter A Whole New World
of TV Entertainment

Regency invites you to enter
the exciting world of home
satellite television. Imagine
being able to chooseé from over

100 channels, including
movies, sports, néws, and
educational programs, all
at the touch of a button.
Regency offers a com-
plete selection of satel-
lite system components
including the new
SR5000 remote con-
trolled satellite receiver
pictured here. For
more information on

the whole line of Regency
satellite products, see your
Regency dealer or write us at
the address below.

?\ﬁr
eq%c%

Regency Electronles Ine. » 7707 Records Street + [ndianapolis. IN 46226

CIRCLE 9 ON FREE INFORMATION CARD

WwWww americanradiohistorv comm

will add vibrato that will start with a
certain hesitation and then build
up gradually.

An almost limitless number of
special effects can be achieved
through the use of the unit’s volt-
age-controlled filter {(VCF). That fil-
ter has a passband that can be
varied from wide to narrow. The
center frequency is adjustable and
can fall anywhere over a wide fre-
quency range. That center fre-
quency can also be made to vary
about the nominal center frequen-
cy. The amount of variation and the
speed of that variation can be set
by the user.

Wersi Planostar

OVERALL
PRICE

EASE
OF USE

INSTRUCTION ‘ !
MANUAL

PRICE
A’.QLUE
1(2]3 67189

vﬁ‘ﬁ*gﬁ/

TR

Operation of the VCF is handled
by two switches (vcr and ver
TRACKING) and four rotary controls
{SPEED, AMPULITUDE, RESONANCE, and
FREQUENCY). The VCF is turned on
by the switch marked vcr. The
center frequency Is selected using
the rrReQUENnCY control. The
RESONANCE control is used to select
the passband. AampPLITUDE is used to
set the amount of center-frequen-
cy variation. The speed of that vari-
ation is set by the speep control.
Normally, as mentioned above,
the center frequency is set by the
frequency control. When vcr
TRACKING i5 selected, however, the
center frequency is pulled up to
the frequency of the highest key
being played.

Experimenting with those con-
trols and their settings will allow
you to simulate a wide variety of
sounds for special effects. For ex-
ample a "wah wah guitar” can be
simulated with the following set-
tings: voices, rock piano and
kinura; VCF, on; VCF tracking, on;
amplitude, 10; speed, center; fre-
quency, center, and resonance, 10.

Construction
Building the Pianostar is cer-
tainly not a one-night job. On the
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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 glve you excellent service be-
cause CE distributes more scanners
worldwide than anyone else. Qur ware-
house fadlities are equipped to pro-
cess thousands of scanner orders
evely week We also export scanners
to over 300 countries and military
installations. Almost all items are in
stock for quick shipment, so 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 $359.00
Muiti-Band, 20 Channasl ® No-crysial acannsr
Search 8 Lockout ® Priority @ AC/DC
Selaciabis AM-FM modes & LCD dinpiay
World'n first continuous covarags scanner
Frequency range: 25-550 MHE coniinuous coverape
MNever before have 8o many features coms in
such a small package. The Aegency MXS000
mobile or home scanner has contifnuous cover
age from 25 to 550 MHz. Thal means you can
hear CB, Television audio. FM broadcast sta-
tions, all aircraft bands Including military and
the normal scanner bands, all on your choice of
20 programmable channels.

Regency® MX3000-E

List price $5318.95/CE price $179.00
&:Band, 30 Channel @ No-crystal scennar
Saarch ® Lockout ® Priority ® AC/DC
Bandx 30-50. 144-174, 430-512 MHZ

The Regency Touch MX3000 provides the ease
of computer controited. touch-entry program-
ming ina compact-sized scanner for use at home
or on the road, Enter your {avorita public service
frequencies by simply touching the numbered
prassure pads. You'll even hear a “heep” tone
that lets you know you've made contact.

Iry addition to acanning the programmed
channals. tha MX3000 has the ability 10 search
through as much as an antire band tor an active
fraquency. The MX3000 Includes channel 1
priority, dual scan speeds, scan or search delay
and a brightness swilch for day or night operation.

Regency® Z30-E

List price 5279,95/CE price $189.00
&-Band, 30 Channa! ® No-crystel scanner
gands 30-50, 144-174, 440-512 MHE

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

Regency
MXICO0

Regency
MXS000

Regency® C403-E

List price $98.95/CE price $59.00

3-Band, 4 Channel! ® Crysialacanner
Channalindicator LED @ AC only & Low cost
Bands JO-50 148-174, 450410 MHL

Regency's basic scanner. the C403 gives you
the excitement ol police, fire and emergency
calls at a budget price It can tune in 1o any of
live public service bands and brings the signal
in lgud and ciear..on any of four possible
channels. it comes with detachable leléscope
antenna and AC power cord. Order one crystal
certificate for @ach channel you want (o receive.

Regencg’sH)ﬁOOO-E

List iprce $32 /CE price $209.00
&-Band, 30 Channal ® No Crystal scanner
Search ® Lockout ® Priorily @ Scan delay
Sidalit liquid crysta! diapiay e Digitsi Crock
FraQuency range: 30-50, 144-174, 440-512 MHZ
The new handheld Regency HX1000 scanner is fully
kayboard programmable {or the ultim ate in versatik
ity You can scan up to 30 channels at the same time.
When you aclivate tha Criority control YOu automat-
jcalty ovedride all 21her calls 1o hsten to Your lavarite
requency. The LCD display ik even sidelil tor night
use. A die-cast alumbnum ¢hasis makes this the
most rugged and durable hand-heid scanner avaik
abie There ks evan B backup iihium battery to masn-
tin memary 1or iwo years Includes wall chargar,
carrying case, balt clip, flexibie amenna and nicad
battery, Order Your Regency HX1000 now,

Regency® R106-E

List price $158.95/CE price $92.00

5-Band, 10 Channe! @ Crysaiaipcannar @ AC/DC
Fraquency ranga: 30-50, 146-174, 450-512 MHZ
A versalile scanner, The Regency R-106 s bullt
to provide maximum reception at home ©r on
the road. Rugged cabinet protects the advanced
design circuitly allowlng You years of depend-
able jistening.

NEW! Regency® R1050-E

List price $179.95/CE price $109.00
8-Band, 10 Channel 8 Crystailens ® &AC oniy
Frequency ranga 30-50, 144-174, 440-512 MHZ
Now you can énloy computerized scanner ver-
satillty at a price that's less than some Crystal
unlts. The Regency R1050 lats you inon all the
action of police. fire. weather. and emargency
calls. You'll sven hear mobille telephonas.
Programming the R1050 8 easy. Merelytouch
the keyboard and enter any of over 15,000
frequencias on Your choice of 1O channels.

Regency® HX650-E

List price $129.95/CE Price $79.00

5-Band, 8 Channai 8 Handhald crysialfcanner
Hands: J0-50 146-174, 450-512 MHE

Now ¥You can tune In any @mergency around
town, fram wharever you are. the second R
happens Advanced circuitry gives you the
world's amallest scanner. Qur low CE price In-
cludes battery chargerfA C. adapter.

NEW! Regency® HX-650P-E
List Price $189.95/CE price $104.00
MNow, Communications Electronics offers a
special packaged price onthe Regancy HX-650
scannerandths toliowing ltems for onty $104.00.
Yougst the Regency HX-650 scanngr, aset ol 4
AAA ni-cad batterias, the MA-S06 canying case,
six crystal certlticates, AC adaptar/charger and
flexIble rubber antenna {or only $104.00 per
package plus $10.00 snipping/handiing. To
order this 8pecial package, use CE special
order number HX-650P-E

QUANTITY DISCOUNTS AVAILABLE
Order two scanners at the same tim& and deduct
19%, for thrae scannars daduct 29, four scanners
deduct 3%, five scanners deduct 4% and six or
more 5canners Purchased at the same time
earns you & 5% discount off our super [ow
single unil price.

Regency
HXT000

Regency |
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NEW! Regency® MX7000-E
List price $699 95/CE price $449.00
10-Band, 20 Channaei ® Crystailess ¢ AC/DC
Frequency range: 25-550 MHL conlinuvous coverage
and 800 MHZ 10 1.2 GHZ confinudus cOverade
In addition to normal scanner listeni the
MXT000 ofters CB. YHF, and UHF TV audio, FM
Broadcast. all aircratt bands (Civil and militaryl.
800 MHz communications, cellutar telephone,
and whan oonnected toa orinteror CRT. satellite
weather Pictures

The Regency Touch MXTO00 provides the
gase of computer controlied, louch-antry pro-
gramming in & compact-sized scannar for use
at home or on the road. Enter your favorite fre-
quencies Dy simply touching the pumbered
Pressuce pads. You'll aven hear a "beep” tone
that lets you know you've made contact.

In addition Lo sCanning the drogrammed chan-
nels, the MX7000 has the ability to search through
as much as an entire band foran active frequency.
When & calt is received. the Irequency will
appear on the digital display.

Regency® Z10-E

List price $239.95/CE price 513800
O-Band, 10 Channe! ® No-crysisl scanner
Priority control ® Esarch/Scan # AC/DC
Bands J0-50. 140-174. 440512 MHZ

Cover your cholce of over 15,000 Irequancies
on 10 channals st the touch of your tinger.

OTHER RADIO ACCESSORIES

B4-E 1.2 VAAA NFCad batienes (st of tous . . 4900
A 135C-E Crystal cerifeaie ., $3.00
ABD-E Magnel mount mobele antenns . - 535 00
ATO-E Base slation antanna, . B35 00

A0 $3.00 shigping 107 8l scce bacr ey Oriawed &t U sarmes e
Add $3 00 shipping per BCARNS: anignna
BUY WiITH CONFIDENCE

To gat the fantent delivery from CE of any
scannar, aend or phone your order directly to
our Scapner Distributlon Center”™ Be sure to
calcuiate your price using tha CE prices In this
ad. Michigan residents please add 4% sales tax
or supply your tax LD. number. Wrtten pur
chase orders are accopted from approved gov-
arnment agencies and most well rated firms at a
10% surcharge for net 10 billing. All sales are
subject to availability, acceptance and venfica-
tion. All sales on accessories are final. Prices,
terms and specifications are subject to change
without notlce. Al prices are in U_S. dollars. Out
o! stock items will be placed on backorder
automalically uniess CE Is instructed difier-
ently. A $5.00 additional handling fee will be
charged for all orders with 2 merchandise total
under $50.00. Shipmeants are F.Q.B. Ann Arbor,
Michigan. No COD's. Most products that we seil
have & manufaciurer's warranty. Free copies of
warranties on these products are availabie
prior to purchase by writing to CE International
ordars are invited with & $20.00 surcharge for
special handling in addition 10 shippirng Charges.
Non-certilied checks require bank clearance.

Mail orders to: Communications Electron-
ica” Box 1002, Ann Arbor, Michigan 48106
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, Hawall Alaska, or
APQO/FPO delivery, shipping charges are 1hree
tmaes continental U.S. rates. If you have a Visa
or Master Card, you may call and piace a cradit
card order. Order tolHlree in the US Dial
800-521-4414. |n Canadm, order tolkfree by
calling B0O-221-3475. WUI Telex CE anylime.
dial 671-0155. If you are outside the LLS or in
Michigan diai 313-8973-8888. Order today.
Scanner Disttibution Center™ gnd CE 10gos Sre trade
marka of Communications Electroncs inc.
1 Ragency @ hedetaly regeatered trickmark of Ragency
Electronics inc. AD #D80384-E
Capyright © 1284 Communicationa Electronics

Order Toll Free...call
1-800-521-4414

M COMMUNICATIONS
ELECTRONICS”

Consumer Products Division

W Progns O Bos 1003 O dsn Arbor, Muchegan 40108 LS A
Cail TOLL FREE 800-321-8414 of outeids LLEA 313-9T3-8008
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other hand, with the proper care
and patience, it could be handled
by even a beginner. Part of the rea-
son that that’s possible are the ex-
cellent manuals provided with the
kit. Construction details are cov-
ered in two of those manuals.
(There are four all together; we’ll
cover the others shortly.) Of par-
ticular help to the first-time
builder is the one entitled “Gener-
al Instructions.” That book covers
such topics as the tools required,
general construction techniques

(how to solder, etc.), and how to
identify and install the various
types of components found in the
kit. It would be nice if all kits in-
cluded such complete and helpful
information for the beginner.
Actual construction is covered
in the assembly manual. That man-
ual does an adequate job of taking
you through the building of the
device. It is profusely illustrated,
provides valuable hints as you
move step-by-step through the
construction, and provides you

PRINT

Products Intermnational Inc.

Brookwville Rd.
MD 20910

Equipment, Tool. & Supplies

[+1]

TOLL
FREE

aintenance &

800-638-2020
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avery desoldering

syslem or repar System

orderad, recetvs fres s T0-page
how 10 (e Citull Boards texthook.
AS19.95 VALUE
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with a checkiist to help ensure that
nothing is missed. The book does
not, however, painstakingly out-
line the installation of each and
every component. It's not uncom-
mon for asingle step in the manual
to cover the installation of several
components; indeed, some single
"steps” cover the installation of 294
jumpers, 182 resistors, 168 diodes,
and the like. Don't let that scare
you away, however; as we said, the
manual is still good enough so that
most builders should have little
trouble successfully completing
the project.

The third manual of the four
covers the technical aspects of the
Pianostar. Included are sche-
matics, block diagrams, parts-
placement diagrams, and the like.
Also included are the theories of
operation for the various circuits
and sections, and a chapter on ser-
vicing hints.

The fourth manual is an owner's
manual, whose primary purpose is
to briefly summarize the use of the
instrument.

Our experiences with the
Pianostar 52000 have been exceed-
ingly positive. No troubleshooting
was required as the piano worked
perfectly upon the completion of
the project. For those that do en-
counter problems, however, Wersi
stands behind their products. The
Pianostar 52000 is covered by a
one-year limited warranty.

The Pianostar 52000 is an out-
standing product, and one we rec-
ommend for those interested in
musi¢ and electronics. It sells for
$2770, R-E

continued on page 38

“So we would save 25 cents on the
steak. Now, how about the drinks?”
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Meet Our New LogicScope 136.
... A True Dual Trace 10 MHz
Digital Storage Scope. Only $495.

Aasil- 1 T7]

LogicScope

g 3 g i g o g g
E )

TIME OABE AnD SAMPLE STATE

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

Consider the LogicScope 136

® 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 legic 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.
® The pocket-sized LogicScope 136 is made possible by a
patented breakthrough in display technelogy. The conven-
tional cathode ray tube has been replaced by a unique array of
400 LED's that permits simultanecus display of two digital
waveforms.

W 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
24 128-bit waveforms. These can be recalled, logically com-
pared {AND, OR, EXCLUSIVE OR) to other stored/input
waveforms. or output to an external device via an RS 232 port.
® lts very low cost, convenience and ease-of-use make the
LogicScope the ideal instrument, for designing, troubleshoot-
ing or repairing digital systems.

Consider its Engineering & Field Service Applications:
® On microprocessor-based systems, check the timing rela-
tionship of various paraineters relative to the system clock and
other key events. Its storage capability allows visual and logi-
cal comparison of non-repetitive waveforms to known refer-
ence signals. Output 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.
W Its light weight and small size make the LogicScope conve-
nient to take on every service call. The 136 provides much
more information for trouble shooting a digital system or pe-
rnipheral thdn a logic probe or digital muitimeter, without hav-
ing to lug an oscilloscope or logic analyzer along.

Contact us for the name of your local distributor
See us mt Wescon 'B4 Booths 1566 & 1568

POCCET teCHNOLOCY. INC.

7320 Parkway Drive, Hanover, MDD 21076
301-796-3300

CIRCLE 32 ON FHEE INFORMATION CARD
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At CIE, you get electronics
career training from specialists.

If you're interested in learning how to fix air conditioning,
service cars or install heating systems— talk to some other
school. But if you're serious about electronics... even earning an
Associate Degree... come to CIE —The Electronics Specialists.

WWWW americanra diohistorv comm


www.americanradiohistory.com

Why trust your education
and career future to any-
thing less than a specialist?

You shouldn't. And you
certainly don’t have to.

If you talked to some of our
graduates, chances are you'd find
a lot of them shopped around
for their training. They pretty
much knew what was available.
And they picked CIE as
number one.

Be sure to shop around.
Because, frankly, CIE isn't for
everyone.

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

what we've planned for you at CIE.

What you should look
for first.

Part of what makes electronics
s0 interesting is it's based on
scientific discoveries—on ideas!
So the first thing to look for is a
program that starts with ideas
and builds on them!

That's what happens with CIE's
Auto-Programmed®Lessons.
Each lesson takes one or two prin-
ciples and helps you master them
—before you start using them!
How practical is the
training?

This is the next big important
question. After all, your career
will be built on what you can do—
and on how well you do it

Here are ways some of CIE’s
career courses help you get your
“hands-on” training...

With CIE’s Personal
Training Laboratory...

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

When you get your own
S5MH.:, solid-state
oscilloscope, you take some
real professional steps. You use
it as a doctor uses an X-ray
machine—to “read” waveform
patterns..lock them in...study,
understand and interpret them!
When you get your Digital
Learning Laboratory, you'll

be into digital theory—essential
training today for anyone who
wants to keep pace with the state
of the art of electronics. With
CIE's Digital Lab, you'll be
applying in dozens of fascinating
ways the theory you've learned.
For example, you'll compare
analog and digital devices. You'll
learn to make binary to decimal
conversions and to work with
semiconductor devices and
circuits. You'll see how digital
equipment is vital to today’s
exciting, growing fields such as
security... where digital theory
provides the brains for space-age
alarm and protective devices.
You'll build your Microproc-
essor Training Laboratory,
a working microcomputer—from
“scratch.” You'll also learn how
to program and interface it with
displays, memories, switches,
and more.

Earn An Associate Degree
from CIE.

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 op-
portunity to earn an
Associate in Applied
Science _

M

Cl

r---------------_--

in Electronics Engineering Tech-
nology. 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
Commission) Radiotelephone
License, General Class. It can be
a real mark in your favor...
government-certified proof of
your specific knowleCE;e and
skills.
Shop around...but send for
CIE’s free school catalog
first!
Mail the card. If it's gone, cut out
and mail the coupon. If you prefer
to write, mention the name and
date of this magazine. We'll send
you a copy of CIE's FREE school
catalog—plus a complete pack-
age of independent home
study information! For your
convenience, we'll try to have a
representative contact you to
answer your questions.
Mail the card or coupon—
or write: CIE, 1776
East 17th St.,
Cleveland,
OH 44114.

Cleveland Institute of Electronics, Inc.

MAIL TODAY!

WwWwWw americanradiohistorv comm

Print Name .

Address _

City . Slate -
Age Area Code/Phone No..

Check box for G.I. Bill information: [} Veteran

1776 East 17th Street, Cleveland. Ohio 44114
Accredited Member Natvonsl Home Siuay Counct

YES... I'm shopping around for the right kind of career training in electronics —
and CIE sounds well worth looking intc. Please send me my
catalog—including details about the Associate Degree program—plus my FREE
package of home study information!

CIE school

Apt.
Zip -
O3 Active Duty

RE 90
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Bishop Graphics E-Z
Circuit Printed-Circuit
Design Kits

Making your own
PC boards does not
have to involve
photography, etching,
and other headaches.

HOW 0O YOU TURN YOUR ON-PAPER
electronic circuits into working
real-world circuits? How do you
take your breadboarded circuit
and make a more-permanent ver-
sion? If it’s a complex circuit that
uses many |C's, you undoubtedly
use a PC board. But what if it’s
rather simple and uses only a
handful of ICs (such as a circuit
you read about in “Hobby Corner”
or "New Ideas}? For those, making
a single PC board probably just
isn‘t worth the effort.

CIRCLE 102 ON FREE INFORMATION CARD

You should know, however, that
making a PC board does not have
to be a project in itself. 1t does not
have to involve chemicals, etch-
ing, and photography—thanks to
£-Z Circuit printed-cCircuit copper
products from Bishop Graphics
(5388 Sterling Center Drive, PO
Box S007E-Z, Westlake Village, CA
91359-5007).

We should say right at the begin-
ning that £-Z Circuit cannot
replace standard PC-board meth-
ods—it is not suitable for a//

applications. But when you can
use it, the time and trouble you'll
save certainly makes it worth-
while. And we should point out
that E-Z Circuit can be used for
other things than making original
circuit boards: The copper pat-
terns are ideal for repairing or
modifying existing PC boards.

The E-Z-Circui{ process

Wwith £-Z Circuit, you start with a
blank board {instead of a copper-
clad board) and you put copper on
the board where you want it (in-
stead of etching it off where you
don’t). Therefore, etching (our
least-favorite step) is done away
with because the only copper on
the board is what you put down!
Drilling is also done away with be-
cause the blank board you use is
perforated—as are the foil pat-
terns you place on the board.
Camera-ready artwork is also not
necessary.

Once you have your layout de-
sign finished, you're ready to put
the copper patterns on the board.
You simply align the adhesive-

A.W. Sperry Instruments introduces

The 4'2 digit DMM wi
the 3'2 digit price.

Another A.W. Sperry Instr

safety features.

You'd expect to pay $300 or more for an instrument boasting this

M entn
combines the precision of 44 digit readings
wanted features you’'ve been lookin We've eve
built-in frequency counter (u up %.Hz)l
33 ranges, the AWS DM-7010's expanded capability can l be
And that's not alll Included among the special functions bu!
into the DM-7010’s small. self-contained housing are: conductas
diode test and an instant audible continuity check. The DM-7010
has a basic DC Volt accuracy of 0.05% and loads of built-in

to 200

184

With $ functi

kind of performance. yet the XWS DM-7010 can be yours for a low
$170] Now there’s no need 1o pay more for the accuracy and qual-

ity you need ina DMM.

For more Information. call your distributor or A.W. Sperry Instru-

ments. Inc..

P.C. Box 9300, Smithtown. N.Y. 11787. 800-645-5398

Toll-Free (N.Y.. Hawali. Alaska call collect 516-231-7050).

A.W. SPERRY INSTRUMENTS INC.

The Measurable Advantage.
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NEW!

uniden
Beancat
Products

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

Bearcat?300-E

List price $549.95/CE price $339.00
7-Dand, 50 Channat ® Service Saarch ®» No-
crfyalal aconnar ® AM Alrcralt gnd Public
Sarvice bande. ® Priority Channael » AC/DC
Bands: 32-50, 1 18-136 AM, 144-174,421-512 MH2
The Bearcat 330 IS 1he most advanced automatic
scanning radio thal has ever been offered Lo the
public. Tha Bearcat 300 uses a brght green jluo
rescent digital display, $o irs lkdeal for mobile
applications. The Bearcal 300 now has these added
teatures. Sarvice Search, Cisplay Intensity Control,
Hold Search and Reaume Search keys. Separate
Band ke¥s o fermit lock-in/lock-cut of any band for
mora gfficient service search.

Bearcat® 20/20-E

List price $449.95/CE price $2689.00
7-Band, 4 Chennar ® Crystaliess ® Searches
AM Adecreft end Public Servica bands ® AC/DC
Priceity Channe! ® Diract Channai Aocess ® Delay
Fredugncy range 32-30, 118-138 AM 144-1 7€, 420-512 MMET
Find an easy chair. Turm on your Searcat 20/20
and you're in an arplane cockpil Listening to all
the air-toground conversabions. Maybe you'll Pick
up an exciting seavch and reacu® mission on the
Coasl Guard channel Inaflash, you're back On the
ground llstening as news Crews report & fast
breaking stary. Or heering police and fire calls in
Yyour own neighborhood, jn plenty of lime so you
can take Precaulions. You can even hear ham radio
transmissicn. bus/ness phone calis and govern-
menl ntelligence agéncies Withou! teaving your
easy chair. Bacause you've got & Bearcat 20/20
nghl beside it.

The Bearcat 20/20 monitors 40 requanciesirom
7 bands. Including aircratt. A two-position swilch,
located on the froni Panel. alows monitonng of 20
channels at a time.

Bearcat® 210XL-E

List Price 5349.95/CE price $209.00
S-Band, 18 Channei ® Crysialisss ® AC/DC
Frequency sange 32-50, 144-174, 421-512 MHz
The Aearcar 210XL SCanming radio la the second gener:
stion scanner thal repiaces the poDulsr Dearcal 210
and 211. It nan 8imost 1wice (ha SCAnning capacity of
1he Searcal 210 with 18 channels Plus dual 3canning
spereds and & bright Qreen Huorescent dispiay. Auto
matic search linds new frequencies Festures scen
delsy. single shienni, patenled 1rack tuning and mare.

Bearcat® 260-E

List price 5399.95/CE price $249.00
8-Band, 18 Channai ® Priority ® AC/DC
Frequancy rangae 30-50, 138-174, 406-512 MHL
recp up wilh polce and fire calls, ham radio operators
and gther IrAnsmission while you're On the road with 8
Bearcar 280 scannar. Designed with polica and fire
departmanl cooperahion, [ts unique. Prachical shapte
and apecial bwo-00s tion mounting bracket makes hump
maunted or under dash inkt8/lahon possible N any

NEW! Bearcat® 201-E

List price $279.95/CE price $178.00
S-8and, 18 Channa! ® Crystailsss & AC oniy
Priority 8 S5cen Delay ® One Kay Weather
Fraquancy mnge 30-30, 118-138 AM, 148- IM.J?O-&I? MHE
The Searcal 201 parforms any & y PO

Uniden® PC33-E

List price $59.95/CE price $44.00

The Unicen PCA3 boasts 8 super-COmpacl cass snd
front-canel mike connedlon 1o it comiontably inloday s
smaller carw. Controls Powar & Yolume, SqQueich.
Swilches ANL Other jsslures of the PC33 include

could podsibly want WHN push bution aase You can
Program up 10 16 channels lor autemalic monitonng.
Push another button and sesrch ¥ new frequencies
There are no cryStais 10 wnil what you want 10 hear,

NEW! Bearcat® 180-E

List price $249.95/CE price S$149.00

&-Band, 18 Channael! ® Prlority ® AC only
Frequency finge: 30-50, 138+) 74, 408-513 MNz
Police and s calls. Ham radio lransmissont Busness
andg govenment undercover OPEralionk You canhear d
all on & Baarcal 180 scannes raello. Imagine tha thrill of
hosnng @ MaCT news @vent unfokl vyen Defore 1he
news organizations can repon e And the securty of
RAcowing what's happening in your neighborhood by
haearnng police Snd lire Calls  time 10 1ake precautions.
Thers's nathing ke SCBNNING 10 keeP YOu Inrlhe-Rnow,
and no betier wiy to get scanner radio Pertormance 818
valug price than with the Besrcar 180,

Bearcat‘@ 100-E

firsl no-CryYaral progr dhdldacannes.
Lus! price $448 95/CE prica 5234 OO/ SPECIAL!
H-Band, 18 Channel ® Ligquid Grystel Dispiay
Saarch & Limit ® Hold » Lockoul ®# AC/DC
Fraquancy range: 30-50, 138-174, 400-512 MHL
The worki's first no-cryatsl handhel® scann@r has
compressed Inlo & 37 x 7 x 1%" case mora Scanning
POwer than & lound In many base of mobile scanners
The Baarcat 100 nas 8 Jull 16 channels with irequancy
covarage 1hal includas all public service bande (Low.
High, UNF and “T° bands. the 2-Mater and 70 cm
Amateur bands, plus Mtary and Feceral Govarnment
frequencias. It has chrome-platad weys jor functions
that #re user controled, such al lochout. manual and
sutomatis scan. Even search i provided, both manuat
and sUlomatis Wow. what & sCantert

The Basrcat 100 produc as sudio power oulput of 300
melindedits. b tracketunad angd has Selectivity ol betrer
then 50 4B down and sensitivity of 0.8 microvolls on
VHF and 1.0 microvorts on UHF. Power consumbPhion
weC! aatrmery low by using a [Gusd Crystal disciay snd
axCluirve low power infegrated circuils.

Inciuded in our low CE prica |s 8 sturdy Carrying case,
earphone, batiefy charger/AG adepter. Six m ni-cad
batteres and Nexbie antennd. The Aeascar 100 M in
stock for quick $hipmenl. B0 Order your scanner loday.

Bearcat® DX1000-E

List price £649 95/CE price $489.00
FreQuancy ranggctﬂ Mz 1o 30 MHL
The Bearcar DX1 Shortwave radio makes 1uning In
London as easy as dialimg o phone. I teatures PLL
synthesizad accuraty. hao time zone 24-hour degital
quartz C1OCk and & Duill-in Timer t0 weke You 10 your
favonie shortwive statipn |t Can be Programmed o
aclivals periphers| *Quipmant ke & tape recarder 10
racord up 10 fwe difterent broadcasia, &ny frequancy,
any Moda. whik you 808 BRiewp OF Bt workl It will recehm
AM, LSA, USA. CW and FM broadcass

Thera's never Deen an easiar wiy 1o hear what the
woild has 10 S8y, With the Sedrcal DX1000 shortwave
recever, you now hive duwct acceas 10 the wortd,

Uniden® PC22-E

List price $158 95/CE price $99.00

The Uniden PC22 18 8 40 channel AW remote mobile CB
radig. IV 1he snwwarlortoday ssmaller carbwhiCh gon’
alwSy3 DIowide apequate space for mounting. Since al)
the Conrols #ra ON [N MICIODhOne, YOU CBN 3tash tha
“gulis” in 1he trunk_ Tha microphone has up/down
channel seector, chgitat display, T/RX indicalor and
axternat spesher lick. Oimensions: 5% W xTh~ D x
tw” H. 134 vDC. positive or negative Ground.

QUANTITY DISCOUNTS AVAILABLE
Order two scanners al tha same time and deduct
19%, for three scanners deduct 2%, iour scanners
deduct 3, five scanpers deduct 4% and iz or
more RCanners purchased at the Ssame time
@arns you 8 5% discount off our super low
single unit price.

=

Exrnumcumis Sagraaly

vehich The Searcal 260 18 50 ruggedty Guil jar mobil
use that B mesls military standard 8 10¢, curve y for
whbration rsting. Incorporstad In its rugged. all meis)
Caseisaspecisily positioned speaker delivering3d wartts
ol criap, clear audio.

Borh Bamdet™ rmdar drirctums frature EOTT™ oy
Ebcirunic Duata Intevference Trrmunator that edifz-imr
fahe clatm pgnals
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Graguated LED “S"/RF meter DI channel indcator.
Dimensions. 6 Wx6* O x 1% H 2138 VDO

Uniden® PC55-E

List price 589.95/CE ‘?rico $58.00

The full featured Uniden PC55 ront-panal miue con-
NECIOr makes indtallaton easier when space 188 lacior.
Il has ANL, PA-CB. Channal § snd RF Gain swilches
LED “S"/ RF meter, TX lite, PA & extarnal speaker (acks
Dimensons: 6 W x 6" D x 1% H. £13.8 VDC

Bandit” Radar Detectors

Now that everyone aise has takén their best shot st
radar detection, the Uniden Bandit™ haadone them
one batter...with ED.LT, the Elecironic Oata
Interferance Terminator that actually edita-out
laise glarm aignals

The Bandil 55, féatureaa convenient bnightness/
dimmer control lor comiortabie day o night driving.
Plus @ handy highway/City COntrol Jor maximum
tlaxitvity whérever you drve. The Bandit 95 Remote,
s 8 tworpece Mmodullr unit that 1848 you mcun! the
long-range radar sntenna bennd the grill, out of
vigw. The ulira-Compact control unil can then be
inconspiCuously tucked under 1he dash or clipped
ta the visor.Order BendIt 55-E lor $119 00 each or
the Bandit 95-E Remole (o $139.00 each.

OTHER RADIOS AND ACCESSORI’Eg
FB-E-E Frequency Directory for Eastern LA

FB-W-E Frequancy Directory 1or Westem WS A .. 31200
AC-WA-E Bearcet Wealhes Alen™. . 535 00
AED-E Magnat mount moltele snienns , $35.00
ATO-E Base giation anisnna $35.00

A $3 00 SEDI tor 3l #CoB 330 O v At the Sam e (eTes
Add $3.00 Mupping per SCANNEr Sntennd
BuY WiITH CONFIDENCE

To gef the [astsas daliveary from CE ol any
product in this ad, send or phone your order
directly to our Scanner Cistribution Canter”
Michigan residents please add 4% sales tax or
supply your tax {,0, number. Written purchase
arders are accepi®d {rom approved govern-
ment agencies and most well rated firms a1 a
10% surcharge for net 1D Biling. All sales are
subject to availability, acceptance and verifica-
tion. All sales on accessones are linal. Prices,
terms and speciications are subject to change
withoul notice. All prices are in U 5. dollars. Out
of stock items will be paced on backordar
automatically uniess CE s Instructed differ-
ently. A 55.00 additlonai handling fes will be
charged for atl orders with 8 marchandise total
under $50.00. Shipmenta are F.O.B. Ann Arbor,
Michigan. No COD'a Most products that we sell
have a manufacturer's warranly. Free cobies of
warranties ¢on these producis are availabie
prior |o Purchase by wrting to CE Internalional
orders are invited with & $20.00 surcharge lor
special handiing in addition to sShippng charges.
Non-cenified checks reQuire banx Clearance.

Mall orders to: Communications Electron-
ws” Box 1002, Ann Arbor, Michigan 48106
U.5.A Add $7 OO per scanner, rada: detector or
CB or $12.00 pershoriwave receivérfor UP.S.
groundshipping and handling inthe continental
U.$.A For Canada, Puerto Rico, Hawail, Alaska.
or APO/FPO delivery. Shipping charges are
three times continental U.S. rates. lfyouhavea
Visa or Master Card, you may call and place a
credit card order. Order tol-free in the U.S, Dial
B0O-521-4414. In Canada, order tol-free by
calling 800-221-3475, WUI Telex CE anylime.
dial 67 1-0155. If you are outside the U.S. orin
Michigan dial 313-973-88588. Order today.
Scanner Disttibution Center™ and CE (0g0S aré Irate-
marks of Communicalions Electronics™ Ad# 070184
t Benrcar i & regisiarad sracemark of Uniden Corporation.
Copyright® 1984 Comm unicstions Electronics

OrderToll Free...call

1-800-521-4414

Ml COMMUNICATIONS
ELECTRONICS™
Consumer Products Division

918 Prosrx O Box 1002 [} Ann Arteor, Mchsgan 48108 LS A
Cald TOLL-FREE S00-331-441a oF ovtnide U & & 312.871 5888

[~
o
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backed copper patterns with the
pre-drilled holes, and press in
place. If you want to move a pat-
tern, you can—until the adhesive
cures. (After that time, the pattern
can still be removed if you need to
make changes to the board, but it
cannot be re-used.

Once you have your compo-
nent-mounting pads in place, you
can interconnect them with cop-
per tape. When traces Cross, you
have two choices: You can use the
supplied insulating polyester tape

between the two crossing traces,
or you can run one of the traces on
the other side of the board.

That ability to make double-
sided boards (which, interestingly,
is not mentioned in the £-Z Circuit
instruction manual) is very impor-
tant. That's because the copper-
tape traces are thicker than what
you can etch, so you cannot run
them between, for example, IC-
pin pads. Being able to run traces
on both sides of the board helps to
compensate for that.

Bishop Graphics E-Z Circuit

OVERALL
PRICE

EASE
OF USE

INSTRUCTION
MANUAL

1CE
/ VALUE

1[2]s]alsl6]7

«#«-W

Our Twelve
Inexpensive
Ways To
Look Inside
Your ICs.

ng and troubleshooting digital circuitry

RADIO-ELECTRONICS

o
o

no Ionger requires expensmwe equipment and
complex, time-consuming processes. Global
Speciatties offers a family of twetve inexpensive
and easy-to-use logic-test products ranging
from hand-held digitai logic probes and pulsers
to multi-point logic monitors.

These IC troubleshooting tools provide fast,

S - accurate testing of
Global Logic test tamily . . . all logic families in

B Li-1 Clip Type 15Ch LM laboratories, pro-

@ L-2APocker Sae18Ch. | duction, quality con-
frol and field service
applications. We've
advanced the design
B LP-2 Dusl St Proba and use of logic probes

@ LP-3 Migh Spoed Probe and other digital test
8 P4 Hgh Spood ECL Probe | products.

B OF-1 Probe Type Duptal Your local Global distrib-
(A utor can help you select the
@ LPK-1 Oual Sise Prove () | model which precisely fits your
B DPK-1 Probe Type Dhgital needs.

Pulser [Kit]
B LTC-1 Lodcw'fesllﬂ

B LTC-2
_ Analyze est

ECL PROBE LP-9

B L4 Pocker Sue 40 Ch LM
B L1 Low Cost Dusl State
Probe

Cau our Product Availabliity
Phone: 1-800-243-6077

GLOBAL SPECIALTIES
An inderphey Elactronscs Company

70 Fuhon Tetrace &
New Haven CT 06512-1819

(203} 624-3103  TWX. 710-465-1227

CIACLE 33 ON FREE INFORMATION CARD

WWWwW americanradiohistorv comm

Once all of your pads and inter-
connecling traces are in place,
they must be soldered together.
(Even though a trace may be at-
tached to another by the adhesive
backing, they are not electrically
connected until they are sol-
dered.) The final step, of course, is
inserting the components and sol-
dering them to the copper pat-
terns, The component-mounting
pads have an epoxy-glass substrate
and can be soldered many times.
The traces and donut pads,
however, do not have that thermal
barrier. When they are soldered,
the adhesive can soften and the
patterns can slide and/or lift from
the board. If you solder with that
in mind (and you keep your solder-
ing iron in a vertical position), you
won't have any trouble. The ad-
hesive regains full strength when it
cools.

what's available

While the £-Z Circuit patterns
are available separately, their kits
offer a better value. Four kits,
which should fill the needs of most
hobbyists, are available. Each kit
consists of more than 200 pieces,
including such pressure-sensitive
copper configurations as donut
pads, multi-conductor strips, and
power distribution strips, as weil
as TO-5, power-transistor, SCR,
and DIP mounting patterns.

The difference between the kits
is the type of boards (and card-
edge patterns) they contain. For
example, the AppleKit contains an
£-Z Bus board (that is shaped the
same as any apple card) and self-
adhesive card-edge connections.
The S-100 kit includes an S$-100
board. the standard-bus kit in-
cludes a standard-bus board, and
the Eurokit contains two eurocard
boards. Kit prices vary from about
%63 to $68. R-E
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S ELecTRoNCs Baook Cue

The Best Source for Hobbyisis and Professionals

for Over 18 Yearsl

Time- and Money-Saving Advice . . .
Practical Troubleshooting & Repair Tips . . .
State-of-the-art Technology . . . Hundreds
of Projects . . . Plus, Exceptional Savings

Select 5 Books
for Only*92*

1446
List $19.95

e e
1 —
1538
Ligl 1495

1553
List §15.95

1842
Lint $14.95

18

List 7600 Lt 31395

mo?
ELECTRONICS

TECHNOLOGY

Liwl h?.g (paper} Lll: ::: - un'mn I.l-t'grm Llll' :?m
FREE guide to
IASTR mail order sources
for electronic parts
vy, and components
'5"‘ - A 56.95 ';
st $1695 et 11698 Liet 310,96 Lt m’.u un' 's?: ¥ s m Value! Gu::"aw
FREE When You Join Now —— “*‘ﬁf-.
7 very good reasons to jOin I s s m e o m m e s o "'l'
the Electronics Book Club :ELJEEJEPTQEE Baak Cuue -
+ Big Savings. Save 20% 1o 75% on books sure 10 increase I Blue Ridge Summit, PA 17214 I

Your etectronics know-how

» No-Risk Guarantee. All books returnable within 10 days

without obligation

+ Club News Bullelins. All about Current seleclions--mains.

afternates. extras—plus bonus oMers. Comes 13 limes a year

with hundreds of up-1o-the-minute titles you ¢an pick from
‘*Automatic Order.” Do nothing, and the Main selection will

be shipped automatically! But you want #an Allernate

selectlon—or no books at all—we'll follow the instnuctions you

give an the reply larm provided with every News Buileln

» Bonus Books. Immediately gel a Dividend Certificale with

@very book purchased and quality for big discounts of 60% o

80

%
- Exira Bonuses. Take advantage of added-value promo-
tions, pius special discounts
- Exceptional Quelity. All books are first-rale publisher's ed:-
tions selected by our Editorial Board and filled with usetul.
up-to-the-minute information

l Flaase accept my membership in the Electronics Book Club and send the S volumes l
circlad balow, plus, my FREE ¢opy of The Electronics Suyer # Guide. biling me $2 85 I

I plus shipping and handling charges I not salisfied. | may retumn the boaks within 1en

I days wehout obikgaton and have my membership cancaled, | agree 1o purchase 3 0r
more books al reducec Club prices (plus shupping/handiing) during 1he next 12

[} montns. ang may resign any time thereatisr. i
B 800 1108 1199 1218 1409 1449 1474 1487 1503 i
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l 1632 1650 1665 1673 1679 1682 1685 1699 1765 I
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NEW PRODUCTS

INTELLIGENT MODULES, model
3600-80-016 and madel 3600-81-020

are the latest additions to the FLIP
family of vacuum fluorescent dis-
play modules. Each is a single-
board module.

The mode! 3600-80-016 displays 1
line of 16 characters and measures
6.37" wide x 2.20" high x 0.70"
deep. The model 3600-81-020
displays 1{ine of 20 characters and
measures 6.92" wide x 2.20" high
x 0.70" deep.

For the user’s convenience, an
integral switching power-supply

1 REG
$1995.00
,
100 MHz 8-TRACE

4 CHANNEL
DUAL TIME

MODEL 15T70F

REG
$1395.00

80 MHz QUAD INPUT
DUAL TIME

Ao 31095""

40 MHz
DUAL TRACE

fno"' $799%

MODEL 14798BP

$795.00

DUAL TRACE

1~ $635%

.' ¥ REG
. - $695.00
x3 .

MUDEL EE-482

20 MHz
DUAL TRACE ico}

w $450°

SHIPPING CHARGES

CHOWWEME =

ELECTRONICS

TTO Amslecdam Ave.. New York, NY 10025
B write for FREE 136 page Catalog B

110G 3500
500 - 3750

MODEL 14764

MODEL 31B-430
REG

$545.00
$299.95

$750.8nd vi.
Parcel Posl.

MASTER CARD * VISA

DUAL TRACE

1 $435%

ADD
#4.50

SINGLE TRACE xnista

w $180Q95

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

] or Call Toll Free
s 800-223-0826
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provides all required drive volt-
ages from a single 4+5-volt DC in-
put. An on-board ASCII interface
controller handles ail scan, re-
fresh, and data /O tasks, permit-
ting easy interface to an 8-bit data
bus.

The devices display an extended
ASCII character set of upper- and
lower-case letters, numbers, and
symbols using a 0.20" high5 x 7
dot matrix. Display color is a
bright, broad-spectrum emission,
which peaks in the biue-green,
and is easily filtered to a wide
range of colors. Viewing angle is
typically 150 degrees.

The model 3600-80-016 is priced
at $74.00 each for 100 pieces; the
model 3600-80-016 is priced at
$79.00 each for 100 pieces.—Indus-
trial Electronic Engineers, Inc., 7740
Lemona Ave., Van Nuys, CA 91405.

DMM, model 88404, is a 54" digit
benchtop/system that provides
basic accuracy of 0.005% for one
year with a 24-hour specifications
of 0.002%. Complete software cal-
ibration, either manually or over
the bus, makes it easy to maintain
the 24-hour specifications rou-
tinely in those applications requir-
ing optimized accuracy.

CIRCLE 122 ON FREE INFORMATION CARD

At reading rates of 2.5 and 20
readings per second, the model
8840A has 5% digit resolution. At
the fast rate of 100 readings per
second, the resolution is 4% digits.
The model 8840A is priced at
$95.00. 1t Is available with two op-
tions for true RMS AC and fully
programmable 1EEE-488 interface
($150.00 each). A fully loaded pack-
age sells for $995.00. —John Fluke
Mmig. Co., Inc., PO Box C9090, Ever-
ett, WA 938206.

POWER SUPPLY, model WP-29A is
designed to provide an isolated AC

CQIRCLE 123 ON FREE INFORMATION CARD

output from 0 to 150 volts, 0-2.25
amps continuous at 60 Hz. Input
voltage and isolated output volt-

age can be monilored on a large,
taut-band meter.

Secondary leakge is limited to
less than 0.1 milliamp-—lower than
the established ANSI limits in
Specification Code C-101. The unit
is designed for incoming or outgo-
ing quality control, servicing, or
design work where testing circuits
at higher or lower than normal
voltages is required. The model
WP-29A is priced at $167.00 — VIZ
Test Equipment, 335 East Price
Street, Philadelphia, PA 19144. R-E

STOP!

Before you check

those other catalogs..

Check the best first,and save time!
The 15th edition:CEI'S 1984 fall catalog

CALL TOLL FREE FOR YOUR FREE CATALOG!
1-800-762-3412

OHIO WATS

1-800-543-3568

NATIONAL WATS

IN DAYTON:(513)252-5662 TELEX NO.288-229

CEI Consolicated €lectronics, Incororated
705 WATERVLIET AVE,DAYTON OHIO.45420
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New from B&K-PRECISION, for
telephone service, test and repair

COMPLETE TELEPHONE PRODUCT ANALYZER. A total
selt-contalnad system for diagnastic testing.
saivicing and coll2rotion of corded and cod-
less telephones. onswering mochines ond auto-
matic dialers. Performs every test you'll ever need
to test and repalr any phone product including
veritication ot pulse and touch-tone numbers.
meaosurement of frequency enor and moduia-
tion deviation. MODEL 4050 $4695

MODEL 1045 $395

TELEPHONE PRODUCT TESTER. For in-store con-
sumer or service use. Tesls hondset cord. phone
line cord. dia!/redial functlons. voice and dial
numbetr levels. ring function and voice quallty of
corded and cordless phones. answeling ma-
chines ond automatic dialers. MODEL 1045 $395

CORDLESS TELEPHONE TESTER. Provides full servic-
ing ond colibratlon copobilily tor bose and port-
obie phone units. All rf test ond megsurement
tunctions. Replaces expensive FM generators and
modulation monitors. yet performs ol tests te-
quited for cordless phone system analysis and
repair. Including full frequency testing and align-
ment. Generates all prior and recently approved
frequencies MCODEL 1047 5895

MODEL 1042 $19.95

TELEPKONE LINE ANALYZER. Quickly [dentities a
problem as external or in the phone itseii. Tests fof
condition of external phone line, phone jine cord,
rng ond line voltoge levels and polority, Easy o
use. nO batteries or external power needed.
MODEL 4042 $49.95

These tast instruments cover every possibie level of sarvice required for telephone products. They
are equally usefut for troining. The instruction manuals provided offer o comprehensive course of
training for service personnel ond students. Call your nearest BEK-PRECISION distributor for off-the
sheif delivery or additional informotion—or contact B&K-PRECISION.

A PRECISION

DYNASCAN
CORPORATION

5450 West Cortiand Street - Chicago. llinois 605635 -312 BB9-9087
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An exciting new
technology
may make

it possible to offer,
color displays in
applications where
previously they have
been impractical or
impossible. In this
article we'll

fook at that
technology, and its

first commercial

application.

HGSCOR

MOST READERS OF RADIO-FLECTRONICS
arc familise with shadow-mask CRT's.
Thuse CRT's are used in the vast iajority
colar display spplications, includipg the
muost familar of ull. the color TV, But
seyveral breakihroughs in color-display
technology have recently occurred
breakihroughs that could cventually make
the shadow mask colos CRT obsolere.
One of the most recent of those break-
throughs s the new liguid-crvsial color
shutter ¢or switch) from Tektronix (PO

CARL LARON
ASSOCIATE EDITOR

Box 500. Beavenun. OR $7077). The
calor shuttes is used in combination with 1
high-resolution monexfirome CRT and al-
lows the monochrane CRT 10 display
color images. The sysem descloped by
Tektrunix olfers the advanlage of high-
resolution color—much higher than pos-
sible with shadow-mask CRT s—at a rea-
sunable cost. We'll ke a cliser look at
the color shulter in a momwent. but first
lel’s take time o revicw sonwxe important
LC basics.

P86 HIBWIAON
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LCD basics

A liquid erysial is an organic com-
pound; that means that it is 3 compound
that consists of carbon, hydrogen, oxy-
gen, and nitrogen. What is different about
a liquid-crystal compound is that it is Auid
like aliquid. but has the optical properties
of a solid

Another interesting property of a liquid
crystal is that its molecules, which are
shaped like tong rods, act like dipoles in
the presence of an electric field. That
means Lhat the alignment of molecules in
a liquid crystal can be controlled by apply-
ing and removing ap clectric field.

Liquid-¢crystal displays differ from
other types of displays in that they scatter
rather than generate light. The type of
LCD used in watches and calculators, as
well as im the colot shutter, consists of a
vertical polarizer, a liquid-crystal cell {the
cell used in the shutier will be described
below), and a hotizontal polarizer. When
there is o clectric ficld present, the lig-
vid-crystal material is in its relaxed state.
In that state, the ligquid-crysial molecules
neares! the polarizers have their long axcs
parallel to 1he polarizers with subsequent
layers twisting through the 90° between
horizontal and vertical (see Fig, l-a}
Lighi from the light source passes through
the horizontal polarizer, is twisted 90° by
the liquid crystal. and passes out through
the veniical polarizer. Someone looking at
the LCD will see light.

When an electric field is applied, the
liquid-crystal material is in its driven
state. In that state, the liquid -crysial mol-
ecules are oriented parallel to the direc-
tion of the field (sce Fig. 1-b) Because of
that, the natural twist is destroyed, and
hence, the light is not rotated by the LCD.
Therefore the light is absorbed by the ver-
tical polarizer and a viewer would sece a
dark area.

The n cell

Tektronix® major accomplishment in
developing the color shutter was in devis-
ing a liquid-crystal device, called a 5 cell,
with a fast-enough switching timc. Most
liquid crystals switch (change between a
relaxed and a driven state) at rate of 20 to
100 milliseconds. The st cell has a switch-
ing time of 1.7 milliseconds.

The nt-cell consists of two glass plates
coated with indium-tin-oxide, & thin layer
of silicon-dioxide (which serves as an in-
sulator), and a special alignment laver. It
has a special structure in which the liquid-
crystal molecules are arranged so that
when the applied electric field is removed,
the liquid low within the cell does not
oppose the natural rotation of the liquid-
erystal molecules into their relaxed (twist-
ed) orientation. That is the key to the fast
switching umes.

Another factor in developing the a-cell
was the thin cell spacing that Tektronix
has achieved. The cell spacing must be

HORIZONTAL
POLARIZER
T ——— VERTICAL
POLARIZER
s
HORIZONTAL VERTICAL
POLARIZER POLARIZER

b

FIG. i—WHEN NO ELECTRIC FIELD IS PRESENT, a8 Is tho case in 2, an LCD rolates light 0, allowing It
{0 ba seen. When an electnic fieid is present, as is the case In b, lighl 13 not rotated 56 It |8 absorbed by
the polarirer.

LIQUID-CRYSTAL
wCELL

COLOR POLARIZERS

SETTTEY
SILICONE
ELASTOMER

LINEAR
- f] POLARIZER

CRT . FRONT GLASS

(ANTI-

REFLECTIVE
COATING)

SEALING
REAR GLASS MATERIAL

F13.2—TO MAKE THE COLOR SHUTTER, the 2- cell I8 sandwiched between. and optically coupled 10,
& pair of orthogonal color POIanzers and a linear poiarizer.

very accurate because the switching
characteristics described above depend on
the cell being very thin and uniform. If the
cell is made too thin, however, it will not
have the required optical propentics. The
company has developed techniques for
cell spacings of 3 to 10 micrometers with a

WWWW americanradiohistory comm

tolerance of 300 nanometers. Cells with
that spacing have beent manufactured in
sizes ranging from 5 to 40 centimeters,
although the actual viewing area is only
about 90% of the cell size; that limited
viewing area is due to mounting consid-
crations.
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The color shutter

To make the color shutter, the x cell is
sandwiched between, and optically cou-
pled to, an orthogonal set of color polar-
izers (orange and blue-green) and a
horizontal linear polarizer (see Fg. 2).
The “sandwich' is then placed in front of
a CRT that uses 2 phospher whose emis-
slon peaks are in the orange and blue-
green portions of the spectrum (see Fig.
3).
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WAVELENGTH-ANGSTROMS
FIG. 3—IN THE CURRENT TEKTRONIX SYS-
TEM, a CRT wlth & phosphor whose emisslon
paaks lin in the orange and blue-green regions
is used.

To generate a multi-color display, both
the screen and the shutier are switched
synchronously. A block diagram of the
system is shown in Fig. 4. In one frame,
all of the information that shouid appear
in orange is displayed. In the next frame,
all of the information that should appear
in blue-green is displayed.

The role of the ®cell in this system is to
be sure that only light of the appropriate
color will be passed. Orange light enter-
ing the shutter is vertically polarized by
the orange polarizer, blue-green light en-
tering the shutter is horizontally polarized
by the blue-green polarizer. (Note that the
color polarizers also potarize white light
as indicated in Fig. 4.} During the "or
ange™ frame, the liquid-crystal is in its
undriven state. Orange light is thus 10-
tated 90° by the liquid-crystal and passes
through the herizental linear polarizer.
The horizontally polarized blue-green
light is also rotated, but it is rotated out of

the transmission axis of the lincar polar-
jzer and is thus absorbed.

During the "blue-green” frame, the
liquid-crystal molecules are oficnted so
that they do not twist light. Thus, the
horizentally polarized blue-green light is
passed by the horizontal linear polarizer
while the vertically-polarized orange light
is absorbed.

As i1he alternate frames are viewed, the
eye Integrates them to produce a multi-
colored image. With the phosphor/polar-
1zer combination used in this system, any
color that can be created by combining
orange and blue-green can be displayed
by varying the intensity of the scanning
beam. To achieve flicker-free operation,
cach color {framc) is repeated at a rate of
60 Hz: thus, the two field system will run
at a rate of 120 Haz.

Although orange and blue-green are the
colors chosen by Tektronix, any two col-
ors could be used through the proper se-
lection of color polarizers and phosphors,
For instance, early versions of the color
shytter used red and green, The colors
chosen for the cument shutter were se-
lected because they, and neutral (a color
formed by the combination of the two
primary colors and used in the first com-
mercial application of the new tech-
nology—more on that later), are
spectrally separated enough to be easily
distinguishable, but¢lose enough to mini-
mize the eye’s need to refocus.

As indicated above, only colors that
can be generated by combinations of two
primary colors can be displayed.
Tektronix is continuing with its research
in order to develop a shutter capable of
displaying colors that could be produced
by three primary colors. Such a shutier
would be capable of producing a full
gamut of colors, with results comparable
to. or better than, conventional color dis-
plays.

Advantages

The development of the liquid-crystal
celor shutter is important for a number of
reasons. Perhaps most significant is its
high resolution. Because a monochrome
CRT is used in place of a shadow mask (or

9 SYNC iC
GIRCUITS DRIVER
\ ST s wCEW LINEAR
ORANGE. BLUE/GREEN PHOSPHOR FOLARIZER
coLOR
POLARIZER

FIG. 4—BLOCK OIAG RAM OF THE liquid-crystal color shutter display system. Information is fed lo the
CRT in two 3equantial lields, whith are synthronlzed with the Switching of tha color shutter.
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other type, such as penetration-phosphor)
color CRT, much better resolution is pos-
sible (han with any other type of color
display. That means, of course, much bet-
ter graphics, and clearer, casier-to-read
lext.

The use of a monochrome CRT is also a
key to a number of other advantages oF
fered by the display. For one thing, adding
color capability to a monochrome instru-
ment will not require repackaging the in-
strument to accommodate the longer
color CRT. Also, due 10 the absence of a
fragile shadow-mask or complex electron-
gun, monochrome CRT's are inherently
more rugged than color CRT's. Use of a
monochrome CRT also eliminates the
color-convergence problems that plague
other types of color dispiays.

One potential problem with the display
arises from the fact that the system is field
sequential, In the system, the brightness
of a given color will be reduced 1o a max-
imum of 25% of the brightness of that
color on a continuously rastered CRT,
That is dwe to two factors. One is that
since the system is field-sequential, the
two colors have a 50% duty cycle (since
the frames altemate, each color is dis-
played only half of the time). The second
factor is that an ideal polarizer has & trans-
mission factor of about 50%. We are deal-
ing with real devieces here, however.
Taking int® account factors such as the
non-ideal nature of the polarizers, the
brightness level of the display is only
about 12%--14% of the brightness level of
a continuously rastered display.

What offsets that putential problem is a
high and controllable contrast-ratio. The
combination of color and linear polarizers
used 1n the Tektronix system allows for
contrast ratios that can exceed 20:). The
contrast ratio of the display can be varied
by varying the intensity of the scanning
beam. That high contrast ratio allows the
display to be satisfactorily viewed under
high ambient-light conditions, even in full
sunlight.

Applications

There are, of course, a number of ap-
plications where the new Tektronix tech-
nol.ogy can provide color capability where
it has not been pracl:cal before. Examples
of that include small instrument displays
such as oscilloscopes, logic analyzers,
and spectrum analyzers. Those instru-
ments require high-resolution displays to
adequately convey waveform informa-
tion. Another area where color would be
useful is in system-control displays. In
that application, color could be used for
highlighting special situations or warn-
ings.

In fact, the display could be used in any
application where color is desired, but
high-resolution is required. It would be
ideal, for example, for word processing.
In addition, the display's high contrast is a
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FIG. 5—THE MODEL 5715 from Tekironlx. Thei osCilloscope |8 the first commercial applicallon of

Tekironix' liquid-Crystal color shultes t#Chnology.

great advantage in the high ambient light
of the typlcal office.

The 5116

Textronix' first commexrcial application
of the hquid-crystal color shutier was in
its 5176 color-display oscilloscope. The
usefulness and practicatity of the color
shutter is clearly illustrated by that de-
vice.

In that scope (sce Fig. 5). the color
traces are used o make it casy to dis-
tinguish between channels, for emphasiz-
ing eenain types of important informa-
tion. and in general to make the scope
easier and more efficient to use.

ln the past, oscilioscopes have used a
variety of schemes to make them easier to
use. Those schemes include highlighting,
cursors, and alphanumeric readouts. The
addition of color merely takes those
schemes one step farther. In the 3116, for
instanee, channel | data is displayed in
blue-green while the channel 2 data is
displayed in orange. Further, the alpha-
numeric readouts are color coded by
channel, while the X-Y and time-base
measurements are displayed in neutral
(off-white),

The use of color allows users lo over-
come many of the shortcomings of tradi-

tional oscilloscopes. For instance. in the
past, one problem has been how to display
multiple traces while tzking advantage of
the full vertical resolution of the os-
cilloscope. When the traces are of one
color, confusion often arises when those
traces are vverlaid. In the 5716, the use of

color climinates that problem. The chan-
nel-1 and channel-2 traces are, of course,
displayed in their designated colors; with
the areas of the waveform overlap shown
in necutral.

Of course, ane of the key faciors in the
eventual success or foilure of liquid-crys-
tal color shutter technology is ils cost to
implement. Right now, the only indica-
tion of that cost is found in the 5//6. The
basic 5//6 color oscilloscope carries a
suggested list price of $2335. That scope
is the color version of the monochrome
5110, which is priced a1 $1505. That beils
down to a cost of 3830 for the color shurter
alone.

Note, however, that the prices quoted
above are for basic models. When the 5116
is mated with the 30/0 waveform digitzer
(which tums the 5/16 into a color digital-
storage-oscilloscope) the total cost be-
comes 33185, At that price level, the $830
for the color shutter does not represent
quite as large a percentage of the total
cost. Just as with any technology,
however, it is reasonable 1o assume that as
production picks up, costs will drop. mak-
ing the color shutter an extremely attrac-
tive display option.

As time goes on then. It is reasonable 1o
assume that the color shutter will be used
in a wide variety of products and applica-
tions, In addition, it is likely that it will be
used in a variety of non-Tektronix prod-
ucts. That’s because the manufacturer has
recently announced that it intends to sell
the new technology to other companies
for use in their products.

In summary, the liquid-crystal color
shutter, with its dual properties of color
and high resclution, offers instrument
manufaciurers an attractive allemative to
other types of color displays. It is reason-
able to assume that we'll be seeing them
in a great number of products before too
long. R-E
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"The_gudio response should have a deeper—John Barrymore—wice.”

WwWww americanradiohistorv comm



www.americanradiohistory.com

i

The future of shortwave broadcasting is being decided by a pair of international conferences,
the first of which was held this year. Here is a report on that first conference, including a look at
what was accomplished, and, perhaps more importantly, what was not.

ON THE SURFACE, THE WORLD ADMIN-
istrative Radio Conference for the
Planning of the Shoriwave (High Fre-
quercy} BroadCasting Service (WARC-
HFBC) was a rousing success. Held under
the auspices of the International Telecom-
munication &nion (ITU), the Conference
was charged with the task of preparing a

STANLEY LEINWOLL®

In addition, the Conference was di-
rected to develop a set of principles and
procedures governing the use of the shont-
wave broadcasting bands, and to decide
uporn a method of planning those bands.

The report of the first session is 10 be
transmitted to & second session, now
scheduled to be held in Geneva for seven

In all, some 575 delegates from 115
countries participated in WARC-HFBC,
which was held in Geneva, Switzerland,
from January 10-February 11, 1984. In
addition to the countries represented,
there were 20 observers from svarious re-
gional and intemational organizations,
including the fntemational Amateur Ra-

z
repont containing a set of technical stan- weeks during early 1987. That second ses- dio Union (1ARU). e
dards to be used in the planning of the  sion is scheduled to carry out the actual When one considers the diversity of i
shortwave broadcasting bands. planning. interests and cultures represented at the z
= - Conference—East, West, and Third
“Stankay Leinwoll i Tmector of Enginearing ko Propagation and Frequency Management, Radio Free Ewope/ ) ' =
Ha.dio%berly. He was & member of the Unrted Siales Delegation 10 the WARC-HFBC, and s participating In the “_f()lld, developed and developing coun- &
inlersassional activities in preparanon Kf the second session of the Canference, now schedulad for earty 1987, tries: large users of the spectrum and =

43
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THE U.S. DELEGATION 10 the WARC-HFBC

small, and old, established broadcasters
as well as newcomers—it is a miracle that
anything al all was accomplished. The
basic problems involved polarization be-
tween the larger users of the spectrum,
those with extensive worldwide or nation-
al broadcasting commitments, and the
smaller users, who were seeking as-
suranees that their spectrum requirements
would be met and guaranteed.

And indeed, during the five gruelling
wecks of the Conference, it appeared on
more than one occasion that the Con-
ference would fail because of stalemates
that developed over seemingly irresolva-
ble issues. Everyone present made mcnu-
mental efforts to resolve some of those
conflicts, and many of the delegates
worked fiftcen to twenty hours a day dur-
ing the second half of the Conference in
an effont to achieve reasonable solutions.

Finally, however, the Conference was
able to complete its report. That report is
101 pages long, and includes over 70
pages of technical standards and pro-
cedures. In contrast, the seclions dealing
with planning principles and cdures,
and the planning method itself, are only ¢
pages long. Of greater significance is the
fact that some of the basic principles and
procedures are vaguely worded, others
are provisional, and somg¢ are confusing.

A careful reader of that repont comes
quickly to the conclusion that many fun-

damental problems remain, and that the
delegates attending the second session
will be required to work long hours with
diligence, patience, resourcefulness, and
dedication in order to bring that second
session to a successful conclusion.

So, although the Conference did com-
plete its report, the document is a caldron
bubbling with unresolved issues, pro-
cedures that must be clarified, software
that is yet to be developed, and principles
that are still to be tested.

Between the first and second session of
the WARC-HFBC, the Intematfonal Fre-
quency Registration Board ([FRB), one of
the permanent organs of the 1TU, has
been charged with a number of vital pre-
paratory tasks, including the development
of the software necessary to test and im-
plement the planning method adopted at
the first session. That methed appears to
be one of the most complex planning pro-
cesses ever attempted, and the tasks be-
fore the IFRB are indeed formidable.

Some of the major problems facing the
IFRB, and the second session will be de-
scribed shortly. But first, the good news!

Technical standards

One of the most significant accom-
plishments of the Arst session was the
adoption of some 73 pages of technical
standards that cover virtually every aspect
of shonwave broadcasting. Those in-
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clude: double-sideband system specifica-
tions; protection ralios; receiver charac-
teristics; required transmitier power;
propagation, radio nolse, and solar index-
es; usable ficld sirength; antenna and
transmitter characteristics; reliability; de-
lincation of reception areas; rules dealing
with the maximum number of frequencies
for broadcasting the same program 1o the
same area, and specifications for and pro-
gressive introduction of, a single-side-
band (SSB) system.

As just indicated, the Conference
adopted a format for the progressive intro-
duction of single-sideband transmissions,
including a set of single-sideband system
specifications that will allow the number
of transmitters to be increased signifi-
cantly without a comesponding increase
in the amount of spectrum space allocated
to shortwave broadcasiing. Since such a
system will render most of the transmit-
ters and receivers in operation today ob-
solete, the Conference decided that the
progressive introduction of SSB, over a
period of something like twenty years,
was the most effective way of overcoming
the technical and economic problems that
are sure to arise. The second session of the
Conference will determine the precise
starting date and the duration of the transi-
tion period, but at this writing, it is a
virtual certainty that the completion of the
conversion will not take place in this cen-
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tury, and in all probability not before the
year 2010,

Planning principles

The reinainder of the report dealt with
the principals and procedures that are to
be used in planning the shortwave bands.
Those principles include:

& planning of the bands is to be based on
the principle of equal rights of all coun-
tries, large or small, to equitable access to
those bands for use in accordance with the
decisions taken by the Conference:

@ the planning of the high-frequency
broadcasting service shail be based on
four seasonal plans;

® the minimum broadcasting require-
ments submitted by the various nations
shall be satisfied on an equal basis al the
overall level of broadcasting reliability
adopted by the Conference;

@ the planning process is to be based on
double-sideband transmissions with the
possibility for countries so wishing to use
single sideband, provided that the level of
interference caused to double-sideband
transmissions appearing in the plan is not
increased:

¢ whenever possible, only one frequency
shall be used to meet a given broadcast
requirement,

¢ and, finally. the highest possible
number of submitted broadcasting re-
quirements are to be included in the plan

Although those principles read very
well, it is evident thal some may be casier
to satisfy then others, and that before they
are finally implemented they will have to
be tested against a complete ser of opera-
tional requirements.

Planning method

The planning method adopted by the
first session is a highly complex pro-
cedure; a block diagram of the procedure
is shown {n Figure 1. It comprises 11 steps
that will be the subject of tests to be con-
ducted by the IFRB during the interses-
sional pertod. Steps 3 through 8, and step
10 (indicated by the dashed box) are to be
drawn up using the computer at ITU head-
quarters in Geneva.

That planning method represents a rad-
ical departure from the procedure now in
effect. Under Article XVII of the Radio
Regulations, all broadcasters submit their
schedules (o the IFRB six months in ad-
vance of implementation. The IFRB pub-
lishes that information in a book, called
the Tentarive Schedule. Where conflicts
arise, it is up (o the individual countries
involved to solve them. In some in-
stances, the JFRB offers recommenda-
tions for resolving the conflicts, but ac-
ceptance of these recommendations is not
mandatory. The new procedure, in con-
trast, will leave many of the crucial deci-
sions up o the [FRB.

The software to be used in the planning
process has not yet been developed by the
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FIG. 1—THIS BLOCK DIAGRAM shows The plinning procedure drafied by the tirsi sesslon of the
WARC-HFBC. Tha stepa contained wilhin the dashed box are 1o be performed by computer

ITU, and doing so will be an extremely
complex task because of the many varia-
bles involved. Those variables include
changes in season. sunspot number, time
of day, hours of operation, and location of
not onty the transmitter for which a fre-
quency is being sought. but all other
transmitters throughout the world operat-
ing on or adjacent to the frequency being
used. Other variables include type of an-
tenna as well as transmitter power. Fur-
thermore, the use of a computer to predict
optimum frequencies inwolves risks. In
the past. computer-generated propagation
models have lacked the accuracy required
1o produce highly reliable schedules.
Despite those drawbacks, that pro-
cedure was supported by the Third World
and developing countries because they do
not have the technical expertise to choose
and evaluate the best possible frequencies
for their broadcast services. It was their
position that by having the IFRB choose
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the frequency band and/or frequency, it
would provide them with technical as-
sistance they cannot provide for them-
selves.

Some very major questions, par-
ticularly those involving modification
procedures, still rmain unanswered. The
prediction method chosen is based neces-
sarily on simplified propagation models.
and there is considerable doubt about the
accuracy that will result. In many cases,
even using the most sophisticated pro-
grams curmently available, there are sig-
nificant differences between the frequen-
cy band predicted to be optimum, and the
one that actually tumns out to be optimum.
Where such differences occur. methods
will have to be developed for changing
bands or frequencies in order to insure the
success of the services affected.

That concept shapes up as one of the
most troublesome issues to be faced at the
second session. The first session was

o
© b

P8EL HIBWIAON


www.americanradiohistory.com

RADIO-ELECTRONICS

[ <]
L4

In Computer Electronics...

NTS W1TROMNC" HOME
TRAINING GIVES YOU

THE EDGE

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

NTS INTRONIE home training provides
you with a special kind of "Hands-On"
experience that prepares you better,
develops your skilis faster. You advance
as quickly as you wish, working with
actual circuits, diagrams, schematics,
and state-of-the-art hardware. There are
a dozen different NTS programs in
electronics to help you develop and
reach your potential. They range from
basics to advanced areas in several
tields. And the ALL-NEW NTS course
catalog spells it all out. It's free, and
does not obligate you in any way. Send
for it today.

A GROWTH INDUSTRY

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

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

MICROCOMPUTERS

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

The figld of industrial and microorocessor
technology encompasses the application of
glectronic Microprocessor control principles,
Your course takes you from fundamentals of
digital electronics and associated circuitry
through the application of the microprocessor as
a rontrol device. You will learn how to move and
manipulate instructions and information. The
microprocessor trainer included in your course 1S
a microcomputer system designed as a practical
tool for learning the use of software and
hardware technigues utilized in the linking of
microprocessors to various systems.

DIGITAL ELECTRONIGS

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

ROBOTICS & VIDEO TECHNOLOGY

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

NO OBLIGATION

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRAOE TRAINING SINCE 1905
Resden! and Home-Study Schools

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

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

EARN CEU CREDITS

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

Uge the mail-in card or fill oul end mail the coupon. Indicate the fisld of your choice.

{One. only please.) FREE tull color catalog will be 1ent {0 you by refurn mail

NATIONAL TECHNICAL SCHOOQOLS Do 200004
4000 South Figueroa Street. Los Angeles, CA 90037

Please send FREE color catalog on course checked below.
O Robotics
O Digital Elactronics O Video Technology

O Auto Mechanics O Home Appliances
O Air Conditioning /Solar Heating

Narme Age
Aodreds SR Apt
City State

2p . Phone {

0 Check il inlerssted ONLY [N cleanroom training In Los Angeles
0 Check il interested In G.L Bill Information.
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marked by some heated debates over
modification procedures. but in the end,
nothing was resolved. Thus. that thomy
problem was left for the second session to
address. Yet, it rernains Clear that if the
planaing procedure is to be successful.
some method of modifying assignments
must be devised to take care of instances
where the predicted optimum frequency
differs from the actual one.

But the issue over which the Con-
ference nearly failed was over sules for
dealing with incompatibilities. That is:
What happens when the total number of
requirements in a centain band, at a par-
ticular hour, to a specified reception zone,
exceeds the available spectrum?

The larger broadcasters held that all
requireme nts should be met, even if that
meant accepting lower standards and less
protection. It was their position that
equality meant literally that a!l require-
ments would be treated cqually.

The developing countries led by lran,
India, and Algena, disagreed. They held
that there was a difference between equal-
ity and equity. Their view was that if there
were 100 many requirements to be satis-
fied in the existing spectrum, then all
countries should be guaranteed a certain
minimum number of requirements that
would be satisfied at an agreed-upon level
of protection. After that, those countries
with large numbers of requirements
would either have to reduce some of them
or accept reduced protection.

With the battle lines drawn early, the
issue became more and more acrimonious
as the Conference progressed. Attheclev-
enth hour a highly complex three-tier sys-
tem, which satisfied no one, even those
who purported to understand it, was pro-
posed. That compromise also would have
failed if it hadn't included the stspulation
that during the intersessional period the
IFRB would develop the software re-
quired to test the proposed method. and
report the results of those 1ests to the sec-
ond session. The success of the second
session will depend, to a great extent, on
the ability of the Conference to deal with,
and resolve successfully, that key issue,

Perhaps the most sensitive actions 1o be
taken at the WARC-HFBC concerned
jamming. The Conference adopted a reso-
lution relating lo the avoidance of harmful
interference in order to improve the use of
thc shortwave bands allocated to the
broadcasting service. The original resolu-
tien, proposed by the Netherlands, con-
tained very strong language, and specifi-
cally identified jamming and the extent to
which it disrupts shortwave listening. The
Duich found that of 85 broadcasts from
stations in the Far East, Middle East. Af-
rica. and the Americas thal were
monitored. 32 were affected by jamming.

The Dutch resolution further indicated
that it fcared that that form of harmful
interference jeopardized the orderly plan-

SITE OF THE WARC-HFBC Conference in Geneva.

ning of the high-frequency broadcast
bands.

It further proposcd the organization of
extensive monitoring programs to identify
countries causing harmful interference.
The program’'s findings were o be re-
ported to the second session of the Con-
ference.

It must be emphasized that never in the
history of the ITU has the subject of jam-
ming been brought up, because that has
been considered a primarily political sub-
ject, and not apprupriate for discussion at
a technical forum. However, the Duich
resolution pointed out, as indicated
above, that such harmful interference ad-
versely affected the rational planning of
the shortwave broadcasting spectrum, and
that it had to be considered.

After some frantic behind-the-scenes
maneuvering among a number of coun-
tries, a resolution that was acceptable by
consensus was agreed upon. That resolu-
tion eliminates any reference to the word
jamming, or intentional harmful inter-
ference, although its intent is unmistaka-
ble. It further calls for monitoring efforts
1o be conducted through the IFRB toiden-
tify countries causing that harmful inter-
ference, and that information is to be
made available al the second session of
the WARC-HFBC.

The manner in which that monitoring is
performed during the intersessional
period. and the extent to which use is
made of it, may be of vital tmportance in
assessing the impact of harmful inter
ference. and determining the possibility
of rational planning at the second session.

A companion to the resolulion on
harmful interference did not fare as well.
Originally submitted jointly as a planning
principle by Engiand and the
Netherlands, that principie called upon
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the Conference to adopt a planning meth-
od that included procedures to ensure
broadcast reliability for all countries.

That principie was not supported by the
big three in the non-aligned/developing
country bloc—Algeria, India, and Iran,
and ft was subsequently diluted consider-
ably. It became a procedurzal item instead
of & principle, and it gives very litile to
countrics whose transmissions suffer
from intentional harmful interference.
The item now reads 1n pan:

Actions relating to harmtul
interference
in the event of hanmiul interference
to an HF broadcasting service which is
using an assignmenl N accordance
with & currenl seasonal plan, the Ad-
mimStration concemed shall have the
nght 1o request 1he prompl assisiance

of the IFRB in finding another equen-

cy o help restore that service to the

level of rel:ability achieved i the plan.

Any new trequency proposed by the

IFRB shall not adversely alecl the
seasonal plan in operation...

That procedure offers a country (Ad-
ministration) whose transmissions are
being jammed woefully little in the way of
relief. In effect, it gives it the option of
substituting one jammed frequency for
another, if that does not **adversely affect
the seasonal plan in operation.”

The second session of the Conference
will have many very difficult problems to
address. not the least of which s the one
dealing with harmfui interference. how to
cope with it, and how to 1ake it into ac-
count in preparing a planning procedure
that is to work effectively. In addition,
many complex and highly controversial
issues have yet to be addressed, both dur-
ing the intersessional period, and at the
second session of the Conference. Be-
cause of that, the second session may
prove to be quile “interesting.” R-E
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Turnkey Systems

A TVRO system does not have to be bought and assembled piece-by-piece—

lurnkey systems offer an attractive alternative.

PUTTING TOGETHER A HOME SATELLITE-
TV reception system doesn't have to be a
step-by-siep. component-by-component
process. You can do it that way, of course,
if you choose. But there is an alter-
native—the turnkey system,

Typically a tumkey satcllite-TV system
consists of everything you need—Ifrom
the antenna to the receiver—to start
watching satellite-beamed programming
Some systems also include add-ons such
as stereo processors and the iike.

In this anicle, we won't be presenting

the specifications of each system in detail.
That's because the specifications of many
of the components that make up these
turnkey systems can be found in the spe-
cial "*Receiving Satellite Television™ sec-
tion in the October issue of Radio-
Electronics. However, we will be includ-
ing some of the more important specifica-
lions as a guide

Caveat emptor)

Before we begin our Yook at complete
packages remembert that when you buy a

WwWww americanradiohistorv comm

MARC STERN

wrnkey system, you will pay a price for
the convenience. At best. you will find
turnkey systems to be priced about the
same as what you'd expect to pay for the
individual components—hut it can cost
much more. (Especially because some
components are discounted, while turn-
key systems rarely are.) And keep in mind
that the prices that you see here arc only
approximate. In most cases, it's the deal-
er—not the manufacturer—that assem-
bles the components into a system and
sets the price.
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Is convenience the only advantage of a
iumkey system? Not really: Buying the
system from a single manufacturcr gives
you reasonable insurance that all the parts
that make up the system are properly
matched. Further, if the sysiem ever needs
servicing. you'll know who 1o call—even
if you don’t know which part is causing
the problem.

If assembling a TVRO system doesn’t
appeal to you, don’t give up—turnkey
systems are certainly a good way (0 go.
Let’s now take a look at what's available.

Birdview Satellite

For $2995, Birdview offers 2 multiple-
receiver, satellite-TV system—the
20/20M—that allows you to have several
satellite receivers tuned to separate chan-
nels simulianeously. The matched system
includes a receiver, Low-NOisc Block
downconverter (LNB), LS40 line splitter,
infrared remote-control, antenna, and an-
tenna-drive control. The system also fea-
tures stereo capability and digitally
synthesized mning.

BIADVIEW'S LNB |s one of the main compo-
nen!s in The multiple-receives System.

The LNB and the 4-way splitter are the
main components in the multiple-receiver
system. Using the original Birdview de-
sign, the LNB features a 4.7-GHz os-
cillator with a stability of 2 ppm/°C and a
noise temperature of 90° Kelvin (1.17 dB).
The LNB has a nominal conversion gain
of 70 dB. The unit downconverts the 24
available transponder signals as one block
with a range of 500-1000 MHz.

The output of the LNB can be fed toup
10 four satellite receivers by using the
L840 line splitter. Then, each receiver can
be wned to a different ransponder fre-
quency (but on the same satellite, of
course).

Channel Master

Channel Master offers a variety of high-
performance satellite-receiving systems.
They all feature the same basic electronic
componcnts and differ in antenna size and
mount (either manual ur motorized).

With an 8-foot manually adjusted dish,
the 6147 system is available for $1,895
(82395 for the motorized 6247). The
6174, with a 10-foor manually adjusted
dish, is priced at $2495 (the motorized
version, 6274, sells for $2995). A sysiem
with an 6.8-foot dish is priced at $1695 for

the manual version (32095 for the
motorized version).

Thosc systems include the 6/28 re-
ceiver, which features 24-channel push-
buiton tuning. automatic polarity-switch-
ing. LED channel-display. center fine-
tuning meter, and signal-strength meter.
A higher grade reciver is available for
5300 more.

The dish is a prime-focus fiberglass
type. The feedhorn combines the low-
noise amplifier. scalar feed and polarizer.
The antenna mount is the polar type and
can withsiand winds of more than 100
mph. The optional motor-driven tracking
system features UP and DOWN buttons to
aim the antenna and a three-digit readout.

The LNAs, either 100® or 1207, cover
the standard 3.7—4.2 GHz range with a
minimum gain of 50 dB.

Coniter Corp.

Conifer Corp. offers a turnkey pack-
age—the DE-2001 . priced at $3000—that
includes the AN/200 antenna, a choice of
two LNA's (the LN-1200 or LN-1000),
either of two feedhorns (FD-200 and
FD-300). a choice of receivers (RC-200!
and PRO RC-200{). There is also a choice
of two stereo processors available, the
SP-200{ and PRO SP-2001,

The AN-{200 antenna is a 12-foot, 18-
section prime-focus unit that features a
gainof 42.3 dB. a |.5-degree beamwidth,
and a polar mount that will survive winds
up to 100 mph.

The 1wo scalar feedhoms. the FD-300
and FD-200. each offcr a maximum
VSWR of 1.25:1. They are identical units,
except the FD-200 accepts two LNA's,

The [N-7/200 and IN-1000 LNA's are
mounted in rugged cast aluminum. Each
offers a gain of 50 dB. and a noisc-rejec
tion minimum of 30 dB. The standard
LN-1200 has a noise figure of 1.5dB, and
a maximum noisc temperawre of 120°
Kelvin. The LN-1000 LNA offers an im-
proved noise-temperature specification of
100°K maximum with a noise figure of 1.3
dB.

The downconverter supplied with the
RC-200! and PRO RC-2001 receivers has
a noise figure of 15 dB (nominal). with an
image rejeciion of 25 dB. The downcon-
verter's [F output is at 70 MHz and its
voltage requirements vary between 14.5-
and 18-volts DC.

The RC-200/ and PRO RC-200! re-
eeivers have an input IF of 70 MHz (and a

CONIFER'S RC-2001 RECEIVER has many fea-
tures Including tunabla audio.
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required input level from =35 10 -5
dBm). The frequency response of the vid-
eo section is from 20 Hz to 4.2 MHz with
an IF bandwidth of 27 MHz. The units
offer wnable audio (3.5-8.5 MHz) and
features two preset positions (6.2 and 6.8
MHz) They feature an audio-frequency
response of from 50 Hz-15 kHz. The au-
dio-cutput level is nominally ¢ dBm.

Conifer’s stereo processors {models
SP-200! and PRO SP-2007) offer an IF of
16.7 MHz with a seleciable IF-bandwidth
(150 0r 500 kHz), 2 5.5 10 8.0 MHz tuning
range. and an input tmpedance of 72
ohms. Their frequency response is from
15 Hz to 15 kHz.

General Instrument

General Instrument has theee turnkey
systems that are available with either
manual or motorized dish mounts. One,
the SATV-08/412 feaures a manually-con-
trolled 8-foot dish. 120° LNB and sells for
about $2.500. There is also a motorized
version (SATV-08/M2M) that sell for
around $2,900.

Another system, the SATV-108M2, fea-
tures a I10-foot dish with AZ/E! moumts. a
120° LNB, and sells for about $2,900.
The system is also available in a
motorized version (SATV-/08M2M)
priced around $3.500. In addition. there
is also a commercial-grade system, built
around the C4R receiver that sells for
$3,500.

Gl systems have a variety of standard
features including the NPS-36 manual
navigator/power supply, SPM-08 (tu-
bular) or SPM-10B (ruggized) polar
mounts. EPSB electronic polarizer or
EPSO solid-state polarizer, SLA power di-
viders. and line amplifiers.

The navigator/power supply (NPS-36)
features an east-west antenna control,
LED antenna-position display, and a
built-in delay to protect the motor when its
direction is reversed. The SFM-08 polar
mount is designed for eight-foot dishes. It
can be manually operaied or motorized.
The SPM-10B mount is designed for
10-12-foot antennas (manual or
motorized).

The EFSB electronic polarizer shifts
the polarization of the antenna elec-
tronically. The unit has an insertion loss of
less than .06 dB; operates from an 8-15-
volt supply, and has no mechanical parts,
The EPSO solid-state electronic polarizer
includes a scalar feed. and offers an inser-
lior; loss of 0.2 dB. and a VSWR of
1.35:1.

Gencral Instrument offers systems built
around the CRSF and C4R receivers.
(C4R systems are commercially ori-
ented.) Both receivers have the following
general features: 24-channel tuning. digi-
tal tuning meter and display. and an 8-dB
threshold. The reccivers are also compati-
ble with block downconversion
(930~1450 MHz input). They provide DC
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power for an LNB. or an LNA plus remote
downconverter. Audto carners of 6.8 and
6.2 MHz are standard.

Intersat

Intersat’s complcte systems range in
price from 52,000 to $6,000 and include
the Intersat SR-40 receiver. Among the
receiver’s features are detent tuning of 24
channels, a tuning meter, fine-tuning and
audio-tuning controls. plus remote
switching and scanning. The SR-40 ac-
ceprs C-band signals with input levels
from —25t0 — 72 dBm. lts image rejec-
tion is specified at 30 dB. The IF is 70
MHz with a bandwidth of 30 MHz. Polar
ity switching is also featured.

THE INTERSAT /Q-150 RECEIVER is micro-
processor conlrolied and features a real-time
clock.

One Intersat system, the /Q-/60, is mi-
croprocessor controlled, and offers a real-
time clock interface and a 6-kilobyte
memory for program storage. Other fea-
tures of the system include an infrared
remote-control transmitter. mono. ma-
trix-stereo, and direct-stereo capabilities.
In addition, it offers sclectable wide- or
narrow-band filiering with an output of 12-
watts RMS per channel at 0.1% THD.

The television screen is used 1o display
4 menu of satellitc programming. signal
strength. and polarity selection. Wide/
namow audio twning (5 10 9 MHz) is fea-
tured along with a user-selectable scan
rate, and remote-actualor control,

Another system, calied the Baby Q,
features a built-in modulator for Channels
2-6, as well as composite-video and audio
outputs. Other features include a single-
conversion downconverter and a polarity
control. An optional matching stereo de-
coder is available as are wircd remole con-
trols.

KLM

KLM offers six packages (referred to
simply as system 1., 2, etc.), each of which
mncludes the antenna. receiver, low-noise
amplifier. control console, polarizer. and
feedhom.

System |, priced a1 $2.395 _ includes the
X-11 antenna (manual mount}, Sky Eye V
receiver, 120° LNA; polarizer and control
head, and feedhorn. System 2, priced at
$2.4938, includes the X-/{ {manual mount)
anlenna, Sky Eye IV receiver, 120° LNA,
polarizer and control head, and feedhom.

System 3 ineludes the X-11 antenna with
motorized mount, Sky Eye V receiver, a
Polar-Trak Control Consote. 120° LNA.

polarizer and feedhom. The system is
priced at $2,895.

System 4 carrics a manufacturer’s sug-
gested retail price of $2,995 and includes
the X-1! motorized mount, Polar-Track
Control Console. Sky Eve IV receiver,
120° LNA, polanzer and feedhom. Yet
another package, Sysfem 5§, is priced al
$3,495 and includes the X-/. motorized
mount, Memory-Track Consrol Console,
Sky Eye [V receiver. 120-degree LNA, po-
larizer and feedhom.

The final package-—System 8, pnced at
$4.795—includes the X-16 antenna,
maotorized mount, Memory-Trak Control
Console, Sky Exe IV receiver, 120-degree
LNA, polarizer and feedhorn.

The X-#1 is an li-foot porabolic dish
constructed of mesh panels; it can with-
stand winds up to 100 mph. The X-16is a
16-foot. mesh dish with an increased sur-
face area thal delivers a substantial boost
in gain over the X-/1. 1t is built 10 with-
stand winds of 100 mph.

The Sky Eye IV teceiver features slide-
rule tuning, fully-tunable audio controls.
pushbuiton video-inversion, AFC defear.
and an LED bar-graph signal-strength
meter. The Sky Eve V receiver offers sin-
gle-knob transponder wning and audio
control, and features an analog signal-
strength meter and pushbutton video-po-
larity control.

The Polar-Trak motor drive-control
console features pushbution east-west
dish-positioning wilh meter, pushbutton
polarity-control, and a polarity-trim knob.

THE MEMORY TRACK CONTROL CONSOLE
from KLM lealures a 50-satellite memory with a
digltsl readoun

The Memory-Trak remote dish-contro)
has a programmable memory that can
store up to 50-satellite positions with a
0-180° dish-position digital readout. The
control console also features full east-
west manual dish-control and a single-
knob variable polarity-eonwrol,

Accessories Include a stereo processor,
line amplifier, and external polarity-trim
unit.

Regency

Regency offers all the components nec-
essary to make-up a compleie TVRO sys-
wem. Among those components are the
$595 SA-9000 Polaris satellite anmtenna,
which uses a deep-dish, shont focal lengih
prime-focus parabeolic design {made of
.090 hard-alloy, marine-grade spun alu-
minum) in a relatively small antenna with
a 38.5-dB gain, and a 95" LNA.

The (3549.95) SR-3000 receiver offers
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REGENCY'S SR-1000 RECEIVER fealures sepa-

rate video and audlo tuning conirols and & bar-
graph LED tuning meter.

24-channel detent tuning with defeatable
AFC. signal-strength and center-tune tun-
ing meters, as well as separate audio and
video fine-tuning controls. Dynamic
noise-reduction circuitry helps improve
audio fidelity; unmodulated audio and
video outputs are available.

Also available is the $499 SR-1000 sat-
ellite-TV receiver. The unit features sepa-
rate variabie controls for video and audio
luning, dual threshold-cxtension switch-
¢s. and an LED bar-graph wning meter. A
froni-mounted polarity control helps op-
timize reception. The SR-1000 also
provides a baseband output.

The ($495) 95° LNA-95 low-noise am-
plifier offers a 47-dB gain. image rejec-
tion of 20 dB nominal. and an operating
temperature of —20-65°C. It accepts in-
put frequencies ranging from 3.7 to 4.2
GHz, bas a noise figure of 15 dB, and
operates from a supply ranging between
14.5 and 18 volts.

Winegard

Winegard offers a choice of several 8-
and 10-foot TVRQ packages thal are avail-
able with either manual or motorized
mounts. Each sysiem conlains an anen-
na, LNA, receiver, and the Polarotor I.

The key difference between the 8- and
10-foot packages offered by Winegard is
the dish size. The 8-foot packages are
priced al about $2450 for the manual
SC500! version and $2,995 for the
motorized SC-5001S.

The 10-foot packages are priced at
33,081 for the manual version (SC-5020)
and $3,624 (SC50208) for the motorized
version. The system contains the SC-/0/8
antenna. which provides a gainof 39,5 dB
and can withstand winds of up to 125
mph. Each package (both 8 and 10 foot
versions) eontains the same basic compo-
nents, receiver. LNA, etc.

The manually operated systems use the
SC-7035 receiver, which features a digital
channel-readout, fine-tuning control,
variable audio-tuntng. and automatic po-
larity-switching.

The SC-70355 receiver (used with
motorized mounts) is almost identical to
the SC-7035 . except il provides the added
feature of a built-in satellite-selector con-
trol circuit for use with the SC-7703S ac-
ator.

The SC8101 120° LNA is a 3.74.2
GHz GaAs FET amplifier with 2 mini-
mum gain of 50 dB. The downconverter is
a single-conversion unit. R-E
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Tele=Toll Timer

GARY McCLELLEN

Saving a buck on your phone bill is not an easy job—especially with rates constantly going up.
But this automatic call-timer can help you get a grip on your skyrocketing bills.

IF YOU'RE (NTERESTED IN SAVING MONEY
on your phone bills (And who isn"1?), you
don’t have to stop making phone calls—
but making shorter ones would help (es-
pecially if you make lots of toll calls). The
simple timing device that we'll describe in
this article can help you stant saving
money right away: [t will tell you just how
much time you spend on the phone—and
it will, we hope. remind you to shorten
your calls.

Since the timer will moniter all calls
made on a line—even ©n an extension
phone—il’s easy 1o keep tabs on the calls
made by your high-school kids as well as
your own calls! But don’t think that the
timer is limited 1o use around the home; it
can also be very useful in the business
world—especially for those who use a
WATS line (800 numbers).

Inefficient use of a WATS line can cost
a business an awful lot of moncy. And
without some type of umer. improving
phone-use habits is a hit-or-miss proposi-
tion. But with this timer, you can deter
mine how long an employee stays on the
phone. Then his or her telephone pro-
cedure can be “finc-tuned” for greater
efficiency.

Ease-of-use is one of the timer’s great-
est features. For stanters. there are no con-
trols. Any time the phone is picked up, the
dispiay lights and the count begins. And

when you've hung up. the elapsed time is
automatically frozen on the display, so
that you know how long you've been on
the phone. After about 20 seconds, the
project then resets itself and blanks (tumns
off) the display. Now that is truc hands-off
operation!

Not only is the device simple to use—it
is easy 10 bufld, too. All pants arc mounted
on two printed-circuit boards, so con-
struction time is reduced to a few hours
{once vou have the boards, of course). All
the parts arc casily available, so not only
will you have llule trouble in obtaining the
parts, you'll also have the opportunity to
shop for the best prices.

Before we go any further, we should
mention a few words about the FCC and
your friendly iclephone company. The
timer. if assembled properly, should meet
the FCC's requirements (namely Parts 15
and 68). However, local phone companies
may have their own nresticaiions. There-
fore, we suggest that vou contact them for
their requirements before you begin build-
ing this project.

Circult operation

As shown in the block diagram in Fig.
1. the timer consists of an input-con-
ditioning circuit. a comparator, a 20-see-
ond timer. and an inverter. In addition,
there are three divide-by-60 countcrs
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{(IC5-1C7), three BCD (Binary Coded
Dectmal) decoder/drivers. three seven-
segment displays. and, of course, a power
supply.

The conditioning circuit, which is con-
nected to the telephone line, isolates the
device from the line and protects the unit
from linc transients. When the phone is in
its cradie, 48 volis appears across the line.
Picking up the handset reduces that value
to about 9 volts. The conditioning circuit
reduecs the telephone’s line voltage to
about 2.1 volts when the phone is hung up
and 0.4 volt when it's off the hook.

The output of the conditioning circuit is
fed to comparator ICl-a, which compares
that output to a 1.4-volt reference. When
the handset is picked up, the input imme-
diately drops below the reference and trig-
gers the comparator. That activates the
rest of the circuit.

The comparator outpul drives inverters
that, in tyrn. are used to blank the displays
and teset the counters. Three counters,
[CS-IC?, generate the timing function: A
60-Hz signal is fed to ICS and is divided
down to | Hz for use by IC6 and IC7,
which count the 1-Hz pulses. The count is
divided intemally and then output in BCD
(Binary Coded Decimal) form. That BCD
output is sent 10 three BCD-10-seven-seg-
ment display drivers, 1C2-1C4. which
dnve the displays. DISPI-DISP3. (Note
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When the phone is hung up. the output
of ICI-a goes high. That resets IC5 and
freezes the clapsed time on the display for
20 seconds. (After the 20 seconds, the

timer is resel automaltically. ) Now. refer to
the schematic in Fig. 2 for a more detailed
look at the circult's operation.

In Rg. 2. we see that the input-con-
ditioning circuit consists of diades
DI1-D4, capacitors C1-C3, and resistors
RI-R3. Diodes DI-D4 form i full-wave
bridge rectifier. whose output is filtered by
capacitors CI-C3. That's done o prevent
damage o the circuit caused by transients
(such as those that might be gencrated by
a nearby storm). Resistors R1-R3 provide
a high input-impedance to the circuit.

The comparator, 20-second timer, and
inverter functions are handled by an
LM339 quad-comparator. A voltage-di-
vider circuit in the supply provides the
reference voltage for ICl-a. When the
phone is picked up, the outpat of the con-
ditioning circuit drops below the refer
ence voltage and triggers ICl-a. causing
its output o go low, and capacitor C4 to
begin charging through dicde D5. That
causes 1C1-b's ouwtput to go low, emoving
the reset from counters 1C6 and 1C7, and
causing the display to light and the timers
o begin counting.

When the phone is hung up, the output
of IC1-a goes high. That resets IC5 and
freezes Lhe time displayed. Capacitor C4
now begins to discharge through resistor
R5. When C4 has discharged sufficiently
(after about 20 seconds). ICI-b is again
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triggered. lts high output resets the coun-
ters. lts output is alsp inverted by ICI-¢
and fed to the pin 4 terminals of 1C2-C4
to blank the display.

Diodes D10, DI1, and resistor R8 con-
dition the 60-Hz output from the power
supply by clipping the peaks off the out-
put waveform to produce the squarcwave
signal. That signal is applied to the cLoCK
input of IC5, divided down to | Hz and fed
to IC6 and IC7.

The BCD outpuis of 1C6 and ICT are
fed w three decoderidrivers, 1C2-1C4.
Resistors R11-R31 (at the output of the
display drivers} limit the display curmentto
about 10 mA per segmenl.

The power supply consists of 8 9-volt
AC wall transformer and diodes D6-D9,
{which are configured as a full-wave
bridge rectifier). The rectifier output is
filtered by C8 and regulated to 5 volts by
IC8. a standard LM7805 three-terminal
regulator.

The reference voltage that sets the trip
point for comparator 1C1-a is obtained by
dividing the output of the regulator with
R9 and R10. The 60-Hz squarewave signal
for the timing circuitry is also derived
from the power supply.

Now that we have a good idea about
how the timer works, iU’s time 1o put il .
logether!

Construction

The first step in construction is to ob- '] | \
tain the printed-circuit boards. While you
can assemble the circuit on perforated =Y ety
construction-board (parts layout is not es-
pecially critical), using PC boards speeds
up construction, reduces errors, and .\. )

The foil patems for the main circuit |
board are shown in Figs. 3 and 4. Note

makes troubleshoating much easier.

that the main board is double-sided und
uses plated-through holes. If you make
your own boards from the foil patterns :

shown, it will be necessary to solder all
parts directly to the PC board. That's be-
cause several parts must be soldered on
both sides of the board. {You cannot use
IC sockets unless you use the wire-wrap

type and lift them up enough so that you ® o
can solder on the component side. ) Figure }e_ ~3.1/2 INCHES - >
gozl;gwa etrh: :g::lgfl‘:-f;:: J(&murﬁ i::ls;l:y F1G. 4—FOIL PATTERN tor the component side of the main board i5 shown here full-scale. H you make

e your own PC boards 'rom the patiern shown, b sum to Soider all componenis to bolh sides of the
Once you have the boards, then it is board.

lime to get the parts. Noie that neasonabie
substitutions can be made for almost all
parts. The capacitors are a good case in )
point because their values are not critical. r
The value of capacitor C4 determines how
long the display stays lighted after you '
hang up. If desired, simply use smaller or
larger values to shorten or lengthen the on l '%&% ‘%&& %
time. We used lantalum units in several 9? ¢QT (bee
places simply because they were avail-
able, bul standard aluminum electrolytics 0000000 0000008 ©000008
should work fine. L

As for the resistors, all are quarier-watt 2-7/8 INCHES - ——————-—-D-I
units, cxcept for R1 and R2. The reason  FIG. 5—DISPLAY BOARD foil patismn I3 shown here.
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PARTS LIST

All resistors Ya-watt, 5% unless other-
wise noted.

R1, R2—1 megohm, Y>-walt

RA3—100,000 ohms

R4—10{00 ohms

R5—10 megohms

R6-R8—10,000 ohms

R3—6800 ohms

R10—2700 chms

R11-R31—470 ohms

‘Capacitors

Cs. C2, C6, €7—0.01 uF 50 wvolts. ce-
ramic disc or potyester

Ca—1 uF 16 volts, radiai-lead tantalum

C4, C5—10 uF, 16 volis, radial-lead tan-
talum

8470 uf, 26 voits, radial-lead slec-
trolytic

C9, C10—0.1 pF, 16 volts. coramic disc

Semiconductors

1C+—LM339N linear quad comparator

1IC2-IC4—MC14511, BCD 1o seven-389-
ment latch/decoder dnver

IC5-1C7—~MC14566BCP, tmabase gen-
erator

IC6—LM7B0SCT. § volt. 1 amp regulator

D1-D5, D10, D11—1N4148

D6-D9—1N4002

DISP1—-DISP3—FND-503 (Fairchild), 0.5-
Inch, common cathode, Seven-seg-
ment display

Other Componenis

F1—0.25-amp, 3AG fuse

T1—8 volt, 250 mA {or greater] wall-
mount transtormer (Jameco AC-9004
or equnvalenty

Miscellaneous—Circult boards, cabinet,

IC sockets, modular telephone cable,

fuse howder. 4 X 1-inch piece of red display

filter (see lext). mounling hardware, etc..

The following is available from Men-
dakota Products LTD., PO. Box 20HC,
1920 W. Commonwealth Ave.. Fuller
ton, CA 92633: Sed of 1he two etched,
predrilled printed-circuil bosrds, part
No. TTT-1, 15.00 postage paid. Calitor-
nia resldents add 6% sales tax. Allow
68 weeks for dellvery.

half-watt units are used here is to avoid
resistor breakdown and telephone-line
problems: Quarter-watl resistors are rated
at 100 volis; that value is likely to be
exceeded when the phone rings.

There are many possible substitutions
for transformer T1. If you can’t find a 9-
volt AC unit with a current rating of 250
mA or grealer, try a surplus outlet. Many
calculator-type battery chargers contain
9-volt transformers. To use that type,
you'll have to pry open the vasc and re-
move the rectifier and filter capacitor. Just
be sure not to use a 9-volt DC charger.
because the timer won't count if you do!
{Remember that the 60-Hz signal from the
power supply is used as the ¢lock input.)

The red-plastic display filter used on the
fron! panel (to improve contrast) is avail-
able from many sources. A quick look
through the ads in the back of the maga-
zine should prove that to you. You can
also try to get the filter material from a

surplus outlet. or you might want to use
red cut-and-pee] drafling film over a piece
of clear plastic (try a drafling-supply
house for the Alm). Just remember that
you need only a 4 X l-inch picce.

The display board

Once you have the parts. you can stan
putting the timer together. We'll start with
the display board: Refer to Fig, 6 and the
pants-placement diagram in Fig. 7. First,
pick up one seven-segmemt display and
U it over so that the pins are facing you:
make sure that the ribbed side is on the top
as shown. Cut the decimal-point lead off
each display; that’s the one at the lower
left comer of the module with the pins
facing you. Now insert the units and sol-
der them in place as shown in the parts-
placement diagram,

Next install twenty-one 470-ohm re-
sistors (R11-R31) below the displays
(again refer to Figs. 6 and 7) and bend the
lower leads straight down before solder-
ing. After soldering, clip off only the up-
per leads. Allow the boitom leads to
remain—the resistor leads are used to

TOP OF
DISPLAY
{RIBRED}

RESISTORS
RII-RI1

make the connections to the main board.
Now install iwo pieces of leftover compo-
nent fead in the holes at each comer of the
display board and bend them down lo
match the resistor leads. (See Fig. 6.)
That completes the display board. Set it
aside for now.

The main board

As we discuss the main-board assem-
bly, refer to 1he parts-placement diagram
in Fig. 8. Start by installing the IC sock-
cts, making sure that pin’l is correctly
oriented. (Note that all sockels are in-
stalled so that their pin-1 notches point in
the same direction.) Install a 14-pin sock-
et at ICI first. Then install six 16-pin sock-
ets at IC2-I1C7. Check your work for
shorts and solder bridges: make any nec-
essary corrections before continuing. Do
not install the 1C's at this point.

Now we 1l install the diodes. Be careful
not to get the IN4148 and 1N4002 types
mixed up. Also be sure lo install them
with the banded-ends (cathodes) posi-
tioned as shown. First gotw the 1C5 sockét
and install two IN4148 diodes (D11 and

MAIN CIRCUIT
BDAAD

CUT-OFF COMPONENT
LEADS

F1G. 6—THE DISPLAY BOARD Installed In the main board. Note: The ribbed surface markd the top of
the seven-segment displays. Resistor leads sre use to make Connection between the main snd display

boards, The leads are also used for mounling supparl,

A11-RAT —

EXTENDED COMPONENT
LEADS (*SEE TEXT) 1

FfYrvyyvy ¥

*;*iitf

"
TO MAIN CIRCUIT BOARD

FIG. 7-—-THE PARTS-PLACEMENT DIAGRAM for Lhe diapléy board |s shown here,
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TO DISPLAY BOARD

i

L

T T R

Y ety
% cs
gvac F!
10, -
Tl ™ T

e TF‘

—HE™ 3 Yom
s=pe-e- 05| 02pa—03
g 2 €

~—= | 70 TELEPHONE
* | LINE

- RED AND GREEN
WIRES

FIG. 8—THE MALIN BOARD'S parts-plscement diagram. Note that all pin-1 noiches of the ICe face iNihe

same direction.

1/4-AMP FUSE AND
FUSE HDLDER

172.INCH
ALUMINUM SPACER

SVOLT
RcGu LATOR

SEVEN-SEGMENT DISPLAYS
FIG, 9—A TOP VIEW OF the cOmpisiely Assembled ¢lrCult is shown hers. Noia that IC8 and the fuse
holdar are secured to the rear panel of the cablnet.

DI0) just below the socket. Then move to
the right and install four IN4002 units at
D6 through D9, Continue with the diodes
by moving over to the ICI socket. Install
five IN4148 diodes at DI through D35.
When done, check your work carefully to

imake sure all diodes are in the right places
and properly oriented. Now, let’s move on
to the capacilors,

Start by installing a 0.1-F disc at C10
located between the 1C2 and IC3 sockets
and another at C9, directly below as

WWWwW americanradiohistory comm

shown. Next install a 470-pF electrolytic
capacitor a1 C8 (at the bouom of the
board). Be sure to double-check the polar-
ity of that capacitor. After that. install two
0.01-uF units a1 C6 and C7 to the right of
the ICS socket.

Continue by installing a [0-pF tan-
talum unit at CS. again double-checking
that the positive lead is correctly oriented.
Likewise, install another 10-pF tantalum
at C4. Moving to the right, install 0.01-uF
capacitors at C| and C2 (between the di-
odes). Then finish up the capacitors by
installing a 1-pF iantalum unit at C3. Next
we'll instal] the resistors.

Stan by installing a 10,000-chm unit at
R8 (below the [CS socket). Then move
over to the socket for IC1 and install a
couple of 10.000-0hm units at R6 and R7.
After that, install a 1000-chm resistor at
R4. Finish the row by installing a 10-
megohm unit at RS. Next install 4 2700-
ohm unit at R10 and a 6800-chm resistor
at RY. Move to the right edge of the board
and install a 100,000-chm resistor at R3,
Then finish up the resistors by installing
two |-megohm, ¥2-watt units at Rl and
R2.

Next install the LM7805 voltage reg-
uiator at IC8. Note, that the 1C is soldered
directly to the board. Be sure to position it
50 that the metal tab is facing toward you
(or to the nearest edge of the board).

With that done. it's nme to double-
check your work. Once vou are sure that
you have no solder bridges or other errors.
you can install the assembled display
board

Installing the display board takes a little
patience. Make sure that all the resistor
leads on the display board are bent
straight down and then slide them through
the holes on the main board. When the
two boards touch, solder in place and trim
all leads.

Install the IC's next. Be sure to install
them in the right places with pin | oricnted
as shown. Install three MC14511 BCD de-
coder/drivers at 1C2, IC3, and IC4. Then
install three MC14566 counters at
IC5-IC?. Lastly, install an LM 339 quad-
comparator at ICI. That completes the
main-board assembly.

Prepare the cabinet by making a 2V by
¥ inch cutout for the display, and drilling
a % inch hole at the rear of the case to feed
the line and telephone cords through. It's
a good idea to use a strain relief (or grom-
met} to prevent stripping the wires acci-
dentally. }f you use & grommet, you cun
secure the cords to the case with a small
cable-clamp. That will prevent the wires
from pulling free of the board. Drill screw
holes at the rear of the ¢ase for mounting
hardware (see Fig, 9.) The size of those
heles depend on your mounting hardware.

Next mount the display filler in place.
{We taped the edges first and then ran a
bead of silicone sealer around the exposed

continued on page 87
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FLOYD L. OATS

We've already seen that the IC tester we've been building can be used for more than just
testing digital IC’s. This month we'll add an EPROM programmer,

P t 3 IN THE FIRST TWO
a r pans of this article,
we looked at acircuit that could be used—
along with your computer—io test digital
IC’s. We then added a low-budget logic
analyzer to the tester: It worked by allow-
ing you lo view 16 digital signals on a
single-lrace oscilloscope. This month.
we'li expand the cirenit even further by
adding EPROM-programming capability.

Before we 2o on, we should add some
cautions: The circuit was designed to be
used with an S-100 bus computer. With
modifications, il can be used with essen-
tially any eomputer. In either case. some
programming experience is essential:
While the sofltware that is required is de-
scribed, the actual, complete programs
are nol presented.

EPROM programmer

The digital 1C tester—along with your
computer—<can be used to program and
verify virually any 24-pin member of the

2700 EPROM family. That includes ev-
erything from the original 2704/2708
through and including the 2732. Al.
though the circuit can be modified 10 pro-
gram 28-pin devices such as the 2764, we
will not cover that here.

Figure 10 shows the pinouts for some of
the various styles of 24-pin EPROM's.
You*1l want to refer to it as we talk about
the different types of EPROM's available.
We should add one more caution, though:
Before you try to program any EPROM,
make surc you have the manufacturer's
data sheets. Pinouts, vollage require-
ments, and programming sequences can
vary from one manufacturer 10 another,
and from older devices to newer ones.
Double checking is the safest and surest
way to avoid problems.

Before we can discuss the EPROM pro-
grammer ¢irenit, we have to know what
we want it to do. So let’s first consider
how the 2708—a typical three-supply
EPROM—is programmed. (Note that

WwWwWw americanradiohistorv comm

when we say “three-supply™ or “single-
supply,” we are referring to the number of
power supplies required for READ
operation—we do not include the pro-
gramming-volitage supply.)

To program the 2708, its TY/wE pin Is
brought to + 12 wolts and is held at that
voltage throughout the programming op-
eration. (That causes the eight data lines
to become inpul-data lines). An EPROM
address, and the data to be stored in that
address, are then prescnled to the
EPROM. Both the address and data lines
must be held in their valid state while a
program pulse is applied to the program
pin.

That +25-volt program pulse has a
pulse width between 100 microseconds
and | millisecond. After the pulse is ter-
minaled, the next (sequential) address,
along with the contents to be stored there,
are sent to the EPROM and another pro-
gram pulse is issued. After all addresses
have been pulsed, we say we have com-
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FIG, 10—PIN FUNCTIONS VARY from cne type of EPROM to ancther. While you can use this as 8 guide,
make sure you have the manutacturer'a data ashee! tor any EPROM you wanl o program.

pleted a single pass.

It is necessaty to make enough passes
to bring the total program-pulse time 10 at
least 100 millisecands per address. That
means that if your pulse width is, say. 500
microseconds. then at least two hundred
passes musl be made,

The 2708 is only one kind of
EPROM—a threc-supply type. Now we’ll
lock at the programming procedure for a
typical single-supply EPROML: the 2716.

To enter the 2716's programming
mode, pin 20, the oulput-cnable pin (OE.
pin 18) is brought to +35 wolts. and the
programming-voltage pin (V,p, pin 21} is
brought to +25 volis. The address and
corresponding data are presenied to the IC
and held valid while a fifty-millisecond
high-level TTL pulse is sent to the TE/PGM
pin. (Note that, as opposed 1o the 2708,
we program with a TTL-level pulse—the
programming vollage applied to pin 21
remains constanl at 25 wolts. We should
note, however, that the programming volt-
age can be switched. if desired.)

Only a single puise is required to com-
pletely program a location. Unlike Lhe
2708, sequential addressing is not neces-
sary and only the addresses being written
need be pulsed. Therefore, since all of the
address locations in new (or erased)
EPROM’s are set to |, to program a 2716,
only Lhe addresses that need to be changed
to zero bits are "bumed in.” Thos¢ ad-
dresses that need to be sel o one are

programmed by simply passing over the
location,

The EPROM-programmer circuit

Because the EPROM programmer
(whose schematic is shown in Fg. 1) is
being built as an add-on 1o the digital 1C
tester, we have 10 map up to four kilobytes
of EPROM address into 256 memory-
mapped locations. (You will recail thar
the IC tester uses cight address lines to
carry stimulus information and thus oc-
cupies 256 memoty locations.)

We overcome that problem by using a
D-type flip-flop (IC15) w store the most-
significant bits of the EPROM address.
and by implementing a three-phase pro-
gram/verify cycle (which we'll describe
in more detail shortly). When we combine
ICI5 with the sixteen stimulus latches
(IC1=1C4), we obtain thineen address
lines and cight data lines. That’s enough
to accommodate up to 8K of EPROM
space.

The three-phase cycle is shown in Fg.
12 1n the first phase, enabled by as being
high, the EPROM upper address (As—ai2)
is loaded imo IC15. In the second phase,
the eight ieast-significant address bits
(A0-A1) along with eight dala bits (po-Dx)
are loaded inlo the stimulus latches
(ICI1-IC4, Fig. 2)) and a "burn” interval
is nitiated. [m the third phase, the bum
Interval is terminated and the programmer
is restored 10 its idle state (which is de-
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fined as both of the flip-flops in 1CI6
being reset).

Referring back to Fig. 11 (and to Fig. 3
in Part 1), you'll notice that five of the
upper stimulus latches (a0—a4) are fed 10
IC15. The as latch is sent topin 1 of 1CI7.
The sTIMULUS LOAD signal is inverted to
an active-low pulse by ICI7-f and then
applied to both flip-flops of ICI6 as a
clock.

Assume the programmer (o be in the
idle state, awaiting a phase-one load. If As
is high (&3 low), pin 2 of [CI6 is con-
diticned to set one of its fip-fAops on the
trailing edge of the stimulus-load pulse.
(We’ll call that flip-fop. 1C16-a, the LOAD
fiip-flop.) When the LoaD Rip-fop sets, it
will clock pin nine of IC15. thereby cap-
turing the EPROM upper address. The
Loap flip- flop primes the second Alip-flop
of [C1610 set and, through 1C17-b, condi-
tions its own reset. (We'll call the second
flip-flop, 1C16-b. the TTop flip-flop for
TTL Pulse.)

The second phase starts with the next
stimulus load pulse, which will now reset
the Loap flip-flop and sel the second
(1Te) Rip-flop to initiale the burm interval
(see Fig. 12), TILp activates the progranv
verify controls and also maintains a low
imo the Loap flip-flop through IC17-¢.

The Loap Aip-flop being reset causes
the TTLp flip-flop to reset on the next stim-
ulus load (phase three). The bum interval
is terminated and the programmer is re-
tumed to its idle state. We should note that
I1C15 still retains the bits captured during
phase one.

During a program cycle, the TTLP Hlip-
fiop supplies a TTL pulse for program-
ming those EPROM’s that require only a
TTL-level pulse. The signal also controls
the high-voltage pulse needed by many
EPROM’s. For example, the TTLP signal
contrels the base of Ql through ICI7-¢
and [C17-d. Transistor QI controls V
the programming voltage. When Q1 is
turned on, it will drop about two volts and
pass the remaining 26 volis to the
EPROM. When pin 6 of IC3 is low, diode
D3 retums the program pin to ground.
Capacitor C4 limits the overshoot on the
emitter of QI to acceptable levels.

Switch $24 is useful in lesting and trou-
bleshooting QI and associated circuitry—
when closed, it will held V., high with-
out regard 1o the state of TTLP.

Closing switch $25 will uncondi-
tionally hold the programmer in the idle
state thereby disabling the entire circuit.
A quick-arming power-on resel function
is provided by Cl, R15, and RI6.

Personality module

As shown in Fig. 11, the signals and
voltages developed are sent to the
EPROM socket (SO5) through a switch-
ing and distribution network (S18-S24,
and S04). Socket SO4, the personality
module socket. accepts a personality
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FIG. 12—THE THREE-PHASE cycie required to program or verily @ singie EPAOM address. The
Program or verity function i8 selected by the programmer's Switches. (See Fig. 13}

module that is custom made for each style
of EPROM. (The personality module can
be made on a DIP header, and consists of

appropriate jumpers. We’ll get to the spe-
cifics of the jumpers shortly.) The switch-
5 (518-523) are configured (o select ei-

WwWww americanradiohistorv comm

ther a program or verfy function.

The personality-module outputs (pins
1-5) feed what may be termed the " varia-
ble” EPROM pins. Figure 13 defines the
personality module and the program/ver-
ify configuration needed for each
EPROM. We'll discuss those configura-
tions in more detail later,

Construction

It is recommended—but not essen-
tial—that the programmer be built on the
same board with the 1C tester, Component
placement, general signal routing, and
construction method are not critical and
are therefore left to your discretion. Don't
forgetr that the EPROM programmer
needs an external source of +28 volts at
about 100 mA. (A variable power supply
is preferred.)

Most of the signai connections to the IC
tester can be seen in Fig. 11, The EFROM
socket daca-lines are connected to the iso-
lation side (test-socket side) of the isola-
tion switches so that they may be
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PARTS LIST

All resistors are ‘sw-wail, 5% uniess
staled otherwise

A14—1000 ohms

RA15, R17—2700 ohms

R16—3300 ohms

R18—100 ohms. ¥ walt

A19—390 chms, ‘4 watt

R20—5600 ohms

R21—10,000 ohms

Capacilors

C2, C3, C5—20 uF, 35 wolis. electrolytic

C4—33 pF, ceramic 0isC

Semiconductors

IC15—74L 5174 nex D-type fip-llop

IC16—74LS74 dual D-type Hip-llop

IC17—7406 hex inverting butter/driver

IC18—74L.5367 hex bus dnver

01—2N3504

D3—1N9t4

Da—1N4733

D5—1N4T42

LED+—standard green LED

LED2—standard red LED

Other components

$18-25—SPST switch {DIP switches pre-
terred)

Misceilaneous: IC sockels, Jumpsr
header, el

connected to the stimulus latches for pro-
gramming or disconnected for program
verifying. The least-significant address
bits, a0 through a7, are connected to the
most-significant byie of the stimulus
latches and five of thase {ao-a4), also go to
IC15. The address lines are connected di-
rectly to the laiches.

The personality-module socket (SO4)
will aceept a 16-pin header plug, which
must be pre-wired for a particular type of
EPROM (according to the data shown in
Fig. 13.} As an example, consider the
2732 entry in that figure: Pin one is wired
1o pin twelve, pin two to pin eleven, pin
three to pin thirteen, et¢. Once you install

the jumpers on the header, label it
“2732.7 If you can manage, you might
want 10 squeeze the switch setlings for
programvverify selection on the label.

Diagnostic indicator

Figure 14 show's an option you can add
to the programmer (o give both a visual
and a software indication of the program-
mer’s current phase. lican be very helpful
for debugging and troubleshooting, and
can be used by software to continuously
monitor the state of the programmer for
self-diagnostic purposes

When a signal 1s active, its line to the
test socket is low and the corresponding
LED is illuminated. The host system may
determine the cument phase by simply
reading the test socket and examining pins
9 and 10.(1f you use this option, the isola-
tion switches for test sockel pins 9 and 10
will have to be open while the program-
mer is in use. Switch §25 must be ¢losed
when the programmer is not in use.)

Testing the programmer

Preliminary tests designed to check out
the wiring and logic of the programmer
are made with the EPROM socket empty
and the 28-volt supply removed. Set up
the IC tester with the test socket vacant,
the power-supply jumpers removed, isola-
tion switches for pins 9 and 10 open, and
all other isolation switches closed. Open
all eight of the programmer's switches
(518-825) and, if practical, power the de-
vice up and down several times and verify
that the power-on reset forces the idle con-
dition.

All stimulus patterns can be viewed in
terms of test-socket pins since, from the
standpolnt of the host computer, the ex-
panded tester still appears as merely a 16-
pin test socket. Referring to figure 15, the
first stimulus pattern of the three-phase

PERSONALITY
MOOULE VERIFY
EPROM TYPE JUMPERS PAOGRAM | VEAIEY | PROCEOURE

2704, 2708 1-12 18 520 VIOR V2
2lemiE 521 §23
3-15
414
= |5

2758 1-12 $19 520
9 iE 521 821 vi
A4 s34 524
4-10
5_7 A

N6 1-12 519 520
2-13 §21 s21 V1 0R V2
318 s24
gl § - 10*
2712 s 21 523

1-13 524 V2

27328 510

YOU MAY WANT TDAOD A SWITCH TO AVDIO CHANGING JUMPERS
F1G. 13—PERSONALITY MODULE AND SWITCH configursilons for various EPRO M's, See the text for
more Informalion on verlty procedures ¥ (load. load. |0ad, read| and V2 (load, load. read. load)
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LOATLA sl LEDI
FAOM 116, \
PING

TO TEST
SOCKET
{801}
PIN9

TILP 1/ 1ALS367

FRAOM IC1E,
PIN8 LER2

5y

FIG. 14—FOR A VISUAL INDICATION of the pro-
grammer’s current pha e, you can add this diag-
nostic logic.

program/verify cycle will contain the up-
per EPROM address on the lines assigned
to test-socket pins 9—13. The As bit must
be high to enable this phase-one load, so
the line assigned 1o pin 14 musi also be
high to cnable the address-register (IC15}
load and the phase advance. The second
and third patterns are identical and will
direct the EPROM lower address to pins
9-16 and data to be programmed to pins
1-8. Although many of the patterns may
never aclually reach the test socket, the
host computer will “think™ that an IC is
being tested.

We can begin by testing the phase-ad-
vance logic. Using a stimulus with the AS
bit high, send the patlem repeatedly and
check for the phases to progress according
to Fig. 15. Starting in the idl¢ condition,
send the same stimulus once more and
then change the paitern so that AS is low.
Send this new pattern ten or twelve times
and observe that the phasc is properly
advanced to the idle state but the new
pattern is not able to cause any further
activity. It should be apparent that the
issuance of two or more consecutive stim-
uli with As low will guaraniee that the
programmer goes to the idle state. The
software can use that principle to imple-
ment a “restore” function.

For the remaining tests, you will need
to insert a personality module for a 4K
EPROM and set up the DIP switches to
program. Make sure the swiiches agree
with the personality-module style (see
Fig. 13) and leave the EPROM socket
empty. Send stimuli which will load vari-
ous bit patterns into the address register
and check the appropriate bits on the
EPROM socket itself. Make the phase-
two and -three bit pattemns different from
the first to be centain that the upper ad-
dress bits are captured only during phase
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1 - Pa B - B
[] '] 0o ar )
2 1% > X Tiy 15
L] [ ] o3| [ ]
1
] [L ENABLE PHASE.ONE ‘”ﬂ E]
i LOAD (A} A3
[t: = " 3 3
A12] b1
sl g b I
ATA
] [] <" [ 188 oa | ST [Tas [ (LoWERSBTS
I B. LA EPROM § ]
‘A [ Ja10 > AoDRESS 0§ I: [ ] a2
3 7 {UPPER & AITS) ; 5
|J: f) A3 o5 | :] Al
1 3 2 9
[ ] B 07 | [ ] a0
& A
’ ]
FUNCTION STIMULUS PATTERNS j
WRITE 56 2300 - PHASE ONE————, .
INTO ADDRESS 9355 — PHASE TWO 398 = 56
298 ————— 9855 ~ PHASE THREE
WRITE 74 2300 - PHASE DNE—————
INTO ADDRESS 9A 74 — PHASE TWO JGA = 14
| 334 A4 -PHASETHHEEI B

£

FIG, 15—THE SOFWARE views Ihe programmer ss an IC under tesl. The first pattern sent ls sssigned
to the EPROM lines as shown in 8, while lhe second and third patterns are assignsd to tha linos shown
In 5. Sampie bit psiterns (in hexadec/mal 10rm) used to program two EPROM address locstions sre

shown in ¢.

one. Next, vary the phase-two and -three
patterns and check the data and lower-
address bits, again on the EPROM socket.
By testing the bits on the socket, the wir-
ing is checked out as well as the source
logic.

For the next test, an 820-ohm, 2-wau
resistor is needed. (If you don’t have that
unusual itlem you can ¢ombine four 3300-
ohm Y-wati resistors in parallel.) In either
case, take notice that the resistor(s) will
become very warm to the touch.

With the programmer in the idie con-
dition, apply + 28 vols (o 1he collector of
Q1 and observe Ql's emitter for a vollage
near ground potential. Close switch 524,
and the emitter should go to about 27
volts. Now connect the resistor, which
constitutes a typical load. from the emitter
to ground and look for a voltage of 25 or
26 volts. If Q1 has been substituted for,
and 1s dropping four volts or more, the
substitution is not acceptable.

Lcave 524 closed and the load con-
nected for ten minutes or longer and then
open §7. The emitter should retum to near
ground potential. With switch 57 open,
cycle the device through the phases and
confirm that transistor Q1’s emitler is con-
trolled by TTLP.

For the final hardware test, close switch
S8 and make sure that the programmer is
locked into the idle condition regardless
of attempts to cycle it from the host com-
puter. Now, with S8 closed and the
EPROM socket empty, make sure the IC
tester and any other expansion devices

still function properly.

Using the programmer

Before you can use the programmer.
you'll have to write some software to con-
trol it. A relatively simple (and popular)
methed is to store the intended EPROM
conlents in a main memory arca and use
software lo transfer that data to the pro-
grammer (while keeping the address and
data bits properly distributed and main-
1aining good program-pulse width).

The program will have to send the prop-
er set of bits 10 the device during each
phase and must control the program pulse
width by means of a delay between phase
two and phase three. Programmiing is
more complex for the three-supply
EPROM’s because the source data is
transferred (o the EPROM 4 number of
times as multiple passes ape made. Don't
forget that only a single pulse per address
is permitted with single-supply EPROM
types and the pulse width must be 50
milliseconds, * 10%.

Figure 15 may be helpful in determin-
ing the address- and data-bit distribution
among the three phases. Examples of ex-
act stimuli for programming iwe locations
are shown. Using that figure, you can de-
velop software that will create and issue
the appropriate pattems. You can leave the
delay between phases two and three at a
very low value for now. Check that the
programmer is in the idie stawe when the
software is initiated and that the software
leaves the programmer in the idle state at
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completion. If your program doesn’t do
that, it is not observing the three-phase
eycie requirements.

Onee the raw program is developed to
your satisfaction, you can work on adjust-
ing the pulse widih. You can do that easily
with the aid of an oscilloscope by simply
measuring TTLP and changing the soft-
ware delay accordingly.

If you don’t have an oscilloscope, use
a clock or watch to measure the time it
takes to transfer one or two kilobytes.
Run the program with the EPROM
socket empty. and adjust the software de-
lay until the rum time is 100 seconds, +3
seconds.

The EPROM verify software is easier to
¢reate because there are no Jdelays or mul-
tiple passes involved. The three-phase cy-
cle is used t0 load the addresses. but the
data pattems have no significance since
the isolation switches to the EPROM data
lines will be open during the verify opera-
tion.

There are two verify procedures. vi and
v2 specified in Fig. 13: In the vI process,
the host reads pins 1-8 of the test socket
during the idle state after having executed
the three-phase ¢ycle te load the EPROM
address. In the v2 process, the read is
performed during phase three, and one
more load 1s done to complete the cycle.
Normally, the contents of the EPROM is
cither read into @ main memory area for
examination or compared with a memory
area to verify the EPROM contents.

When you have the hardware and soft-
ware debugged, you are rcady 1o test the
programmier with an EPROM in the sock-
¢tand the V., supply connccted. The first
thing you'll want to check is that the
EPROM is erased. Power the programmer
down, insert an EPROM and the associ-
ated personality module, sct up the DIP
swilches for verify (using Fig. 13), and
open the isolation switches for test socket
pins onc through eight. Power the pro-
grammer up and run the verify software,
checking for FFH patterns in all ad-
dresses.

Power may be removed from the pro-
grammer while the DHP switches are
changed between program and verify. but
be careful that Vs is not applied lo the
EPROM while the five volt supply is re-
moved. Set up the programmer swilches
for the program function and close the
isolarion switches for pins one through
cight of the test socket. With the desired
EPROM data loaded into the main memo-
ry source-area and the programmer in the
idle condition, bring up the 28-volt supply
and exccute the EPROM program soft-
ware. Afier the program runs, remove the
28-volt supply and set up the DIP and
isplation switches for verify. Run the ver-
ify software and if the EPROM contents
prove to be good, you have now suc-
cessfully programmed an EPROM and
the project has passed its final test. R-E

¥861 HIGWIAON

Ler]
[T


www.americanradiohistory.com

RADIO-ELECTRONICS

g
(=]

ZX81

M Emos o rs
o Bl cloNr -0 X Jo K-

NEIL BUNGARD

P t 4 THIS MONTH, WE'LL
a r finish up our look at
interfacing the ZX81/TS/000 by showing

you how you can add speech capabilities
to that machine.

AddIng speech capabllities

A Digitalker speech synthesizer is the
Jast of the external eircuits that we’ll be
adding o our interface. The Digitalker,
which is manufactured by National Semi-
conductor, consists Of a speech processor
IC (SPC) and ROM that contains the syn-
thesizer’'s vocabulary. (For more informa-
tion on the Digitalker, see the July 1982
issue of Radio-Electronics.)

We'll be using a set of three IC's (the
SPC and two 8 X 8K ROM IC's) called the
DTI050. It sells for about $35 and is avail-
able from a number of suppliers, includ-
ing Jameco Electronics.

The complete synthesizer is not diffi-
cult to build: All that's required is to add
simple filter and amplifier circuits to the
DTI050 IC set.

As we mentioned before, the syn-
thesizer's vocabulary (which consists of
i37 separate *“words,™ 2 tones, and 5 dif-

F 08 oM 07 0P £E (N (m 68
MR ECEE s NE S

Learn how to add speech capabilities to
your ZX81/TS1000 in this concluding part of
our look at interfacing that computer. We'll
also show you how (o free up the

computers port for other uses.

Interfacing the ZXS1

ferent silence durations) is contained in
two ROM IC’s (MM5216455R1 and
MMS52164SSR2). The vocabulary is listed
in Table 21. (That is the most popular
vocabulary set. although other ROMs
with different, and larger, vocabularies
are available.)

The synthesizer circuit, as shown in
Fig. 11, consists of a digital and an analog
section. The digital section consists of the
speech-processor 1C22, two ROM's,
IC23 and IC24. and two 7400-senes IC's
for control-signal deceding.

The analog section of the circuil con-
sists of 1C25 and 1C26. IC25 is an LM346
op-amp that is configured as a lowpass
filter with a rolloff frequency of about 200
Hz. The filter is required to take out the
high-frequency noise generated by the
Diglratker's speech-synthesis technique.
1C26 is an LM 386 audic-amplifier IC that
is used to drive a small 8-chm speaker.

To use the Digitatker with the ZX8!, 8
data-bus and 3 control-linc connections
are required. The data bus carmes infor-
mation to the SPC (telling it which word
to speak). The control signals are used to
time the nformation transfer and start the

WWWwW americanradiohistory comm

speech sequence. Figure 12 shows the
control-signal timing necessary to write
information to the SPC.

That control-signal timing is accom-
plished with 3 output device-code pulses
(18. 14, and IC)and a KC20. When pin 2of
the 1C20 sces a low-going pulse accom-
plished with an “OUT 147 device-code
pulse, its output (pin 12) goes to a logic @.
(That’s the negative-going edge of the
pulse generated on the cs input of the SPC
in the waveform shown in Fig. 12.) Next
an “OUT (8" device-code pulse is gener-
ated to the WE input of the SPC. That
pulse initiates the data transfer into the
SPC, and starts the speech sequence. The
final device-code pulse that is generaed is
“OUT IC™, which sets the output of the
74LS873 (pin 12) back to a logic | and
deselects the SPC. (That's the rising edge
of the pulse in the top waveform in Fig.
12.)

As long as the Digitalker is speaking.
its INTR output (pin 6) is at logic @. At the
end of a speech sequence however. the
INTR line goes to a logic 1.

The status of iNTR is checked by using
an “IN @C™ device-code pulse which is
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FIG. 11—THE SPEECH SYNTHESIZER Circull, thanks 1o lsrge-scale integrailon, Is not 88 complex 85
you might think. For best voice quslity, don’l use a very small speaker for SPKR1.

DATA

FIG. 12—THREE 280 CONTROL SIGNALS sre
needed to generate the timing shown here.

connected (0 the enasLE pin of IC21. a
7418373 three-state latch, When IN8C is
generated, the status of the INTR output of
the SPC is sent through ICIO to the Z80
accumulator on data-bus bit D@, 1f D@ is a
logic 9, the speech sequence is still in
progress. If DO is a logic 1, then the
speech sequence has ended, and the next
word can be sent o the SPC.

We will demonstrate the capabilities of
the Digitalker by using a machine-lan-
guage routine and two BASIC programs.
Remember that the programs we 'l use are
only a starting point. You are encouraged
to modify the programs. For example. you

might want to use the Digitalker with any
of the other interface projects presented in
this series.

To begin, first reserve the required
space for the machine-language program
which operates the Digiralker's circuitry.
A 20-character REM statement accom-
plishes that task. Then load the machine-
language subroutine listed in Table 22.
When the machine code has been entered,
erase the loader program (if you used one)
and load the BASIC program in Table 23.

Let's follow the two programs lo see
what they accomplish. Beginning in line
20 of the BASIC program, the variable
“A" (which represents the numerical val-
ue of the word that the Digitalker will be
asked (0 speak) is set to zero, (A complete
listing of the Digitalker's 144-word vo-
cabularly and each word’s associated nu-
merical value is shown in Table 21.) Line
30 places the value of “A” into a memory
location where it will later be retrieved by
the machine-language subroutine that is
called by line 40.

The first three instructions of the ma-
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chine-language program repeatedly
check the INTR output of the SPC to deter-
mine if a speech sequence has ended. As
we mentioned previousty, that's done by
generating an input device-code pulse (IN
@C), setting all bits of the accumulatertoa
logic @ except bit D@ (AND @1), and ask-
ing if D@is a togic 1 or a logic B{}Z 82 40).
1If D@ 15 a logic @, program execution re-
turns to the beginning of the machine-
language routine. If D is a logic 1, which
means the speech sequence has ended, the
numerical value of the next word 1o be
spoken is retrieved from memory location
4095H (16533), where it was previously
stored by the BASIC routine. That’s ac-
complished with the instructions: LD
B,40, LD C,95, and LD A (BC). Once
the numerical value of the next word to be
spoken is in the accumulator of the Z80, it
is transferred to the SPC by a series of
output instructions (OUT 14, OUT 18,
and OUT 1C).

With the data transferred to the SPC,
the speech sequence starts automatically.
Program execution retums to the BASIC
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B-bit
binary binary

Decimal address Decimal address
Word value S8 S1 Word value SB S1
THIS IS DIGITALKER 009 00000008 Q 48 00110000
ONE 001 000081 R 849 20110001
TWO 2002 00030 S 050 20110010
THREE 003 Q0000011 T 251 20110011
FOUR 804 20000100 U 952 (5,58 R [ 14.5]
FIVE 005 80000191 V 253 0011011
SIX 006 20000110 W 054 20118110
SEVEN a7 00200111 X 955 00110111
EIGHT 008 00201000 Y 056 00111000
NINE 809 00001001 Z 057 D1 11001
TEN e p0O01018 AGAIN B58 20111010
ELEVEN 211 00021011 AMPERE 059 Q0111911
TWELVE 212 02291108 AND 060 DONM11100
THIRTEEN 013 00021101 AT 261 0O111101
FOURTEEN 214 000011180 CANCEL 062 DO111110
FIFTEEN 25 PO201111 CASE 063 o111
SIXTEEN a6 20010000 CENT 064 61096000
SEVENTEEN e17 00310081 400HERTZ TONE 065 01000001
EIGHTEEN 218 20019010 BOHERTZ TONE 066 01000010
NINETEEN 219 201311 20MS SILENCE 067 R1000011
TWENTY Q29 PAC101060 40MS SILENCE 68 21003100
THIRTY e21 PONG101 8OMS SILENCE 069 21002101
FORTY 022 00HB110 160MS SILENCE 070 2103110
FIFTY 023 00016111 320MS SILENCE a7 1000111
SIXTY g24 0201100¢ CENTI ore 81001000
SEVENTY 025 00011001 CHECK 073 01001901
EIGHTY 026 200110190 COMMA o974 21001810
NINETY 027 00011811 CONTROL oars 01981011
HUNDRED 028 00211100 DANGER 076 01001108
THOUSAND 029 292011191 DEGREE e77 21001181
MILLION 030 2001111¢ DOLLAR @78 R1001112
ZERQ 231 20211111 DOWN 079 o111
A 232 DO102008 EQUAL 080 01010000
8 233 20100001 ERROR 281 21310801
C 034 oM00210 FEET 082 21010010
D @35 PO FLOW 083 210211
E 036 00100100 FUEL 0B84 21013100
F 237 0O120101 GALLON 085 01010101
G 938 Pa190110 GO 086 010110
H D39 2180111 GRAM 087 1212111
| 04 01000 GREAT 288 0111000
J %2 3| 0011001 GREATER a9 He110
K P42 01HNEG HAVE o, 10] g1 1R
L 043 DN@1811 HIGH 1524} 21011011
M D44 20101180 HIGHER 092 21811100
N 845 88191101 HOUR 093 HH 11
Q D46 20191110 IN P94 218111190
P R47 oA 11t INCHES 095 11111

TABLE 22—DIGITALKER CONTROL

D& BC IN BC

E6 O AND @1
CA82N JZ 82 40
06 42 LD B.40
CE 95 LO C.95
0A LD A,(BC)
D3 14 OuUT 14
D3 18 OuT 18
D3IC ouT 1C
co RET

program in line 50, which increments the
variable A" by 1. Line 60 sends program
execution back to line 30 where the new
value will be sent to the SPC and the next

TABLE HA—DIGITALKER VOCABULARY

word in Table 21 will be spoken by the
Digiralker.

When the synihesizer is controlled by
the programs we have just discussed. it
will speak, starting with 1he first word in
the listing in Table 21, and say all of the
words sequentially. You’ll notice that al-
though the last valid word has a pumerical

TABLE 23—AUTOMATIC DIGITALKER
DPERATION

20 LET A=0

30 POKE 16533, A

40 LET B= USH 16514
5 LET A=A+1

6 GOTO 39

WWWwW americanradiohistory comm

B-bit
binary
Decimal address
Word value S8 81
18 096 01100380
1) 297 21100001
KILO 098 21108010
LEFT 099 1120011
LESS 100 81100100
LESSER 101 21190101
LIMIT 102 2110C110
LOW 103 21100111
LOWER 104 81101000
MARK 105 2112191
METER 106 01101210
MILE 107 2111811
MILLI 108 21191102
MINUS 109 21101181
MINUTE 110 21181110
NEAR 111 21181111
NUMBER 112 1110000
OF 113 21110001
OFF 114 01110018
ON 115 01110911
ouT 116 21110180
OVER 17 M1
PARENTHESIS 118 21110110
PERCENT 19 21118111
PLEASE 129 21111200
PLUS 21 2111191
POINT 122 01111010
POUND 123 111111
PULSES 124 21111100
RATE 125 2111181
RE 126 B111111@
READY 127 H111111
RIGHT 128 10000000
85 129 10800001
SECOND 130 10000010
SET 13 19030011
SPACE 132 10000100
SPEED 133 189000121
STAR 134 10023110
START 135 10000111
STOP 138 10001200
THAN 137 10201021
THE 138 10001010
TIME 139 19001011
TRY 149 10001190
up 141 18001181
vOLT 142 10001110
WEIGHT 143 10021111

TABLE 24—MANUAL DIGITALKER
OPERATION

20 LET AS=""

30 IF AS =" " THEN INPUT AS
40 LET BS= AS(TO 3)

50 LET AS = AS(4 TO)

60 LET A= VAL BS

70 POKE 16514.A

80 LET B =USR 16514

90 GOTO 30

value of 143, the program sequences
through 235-—there are 112 undefined val-
ues which are spoken. Those undefined
values generate some garbled sounds, But

continved on page 82
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A look at two lesser known but still powerful devices—
the logarithmic and isolation amplifiers.

JOSEPH J. CARR

Pa rt G'mls MONTH, WE WILL

look at two lessér-
known linear devices: logarithmic and
isolation amplifiers. Let’s start with lhe
logarithmic amplifier.

A logarithmic’ amplifier produces an
output voltage that is pmportlona] to the
log of the inpul voltage. We can buiid a
logarithmic amplifier by combining an
ordinary op-amp and an NPN silicon tran-
sistor, as shown in Fig. L. Transistor Qi is
connected in the negative feedback loop
such that the op-amp oulpul woltage, Ven
is also the transistof’'s base-emitter volt-
age, Ve g the traisistor’s collector
current, L is also the feedback current
applied 10 the summing junction. From
the above discussion and basic transistor
théory we know the following:

£
VQE'%'”\—L)

s )

Vo = Vee {2}
From basic op-amp theory we also know:

e = - 3
and

" = v/R 4

s0 we are justified in writing Equation 1
as:
KT (wm )

Vo = — IN
ls

Q ()

where: K is Boltzmann®s constant. Q is

the electronic charge, T is Lhe temperature
in degrees Kelvin, ¥V, is the inpul voltage,
R1 15 the input resistor, and | is the tran-
sistor's reverse-saturation current. The
terms K, Q. RI, and | are constants, and
T can be made constant. in essence.
therefore. Equation 5 tells us that output
voltage Vi is & function of input voliage
V, and some constants. We are justified,
therefore, in calling the circuit shown in
Fig. 1 a logarithmic amplifier.

There is still a problem, however,
which makes Fig. | a liule too simple for
practical application: temperature, T. Tt is
not likely that the temperawre of Q1 will
remain constant, so the outpul signal will
contain a variable term that is independent
of the input voltage. V; in other words,
there is an error associated with tem-
perature.

Eliminating the emperature error re-
quires the use of thermistors or PN junc-
tions connected so that the effects of
temperature are counteracted. For many
circuil designers the best solution Lo that
hassle is to buy an IC or hybrid log-
arithmic-amplifier device.

So what use is the log amp? Rarely will
some instrument need to take the log-
arithm of the input signal. but there are
cases where that is desirable, for instance
for inpul-data compression. Many instru-
ments will see analog signals that have an
extremely wide dynamic range. Yet we
find that amplifier gains that give us ade-
quale low-level resolution will cause sat-
uration on high-level signals. But if the
gain is low enough 1o prevent saturation,
then we Jose the ability to resolve changes
in low-level signals. The solution to that
problem is to use a logarithmic amplifier

WWWW americanradiohistorv comm
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FIG. 1—A LOGARITHMIC AMPLIFIER can be
formed by combining I'I ordinary op-amp with
an HPH tran® | Btor.

that has a different gain at differen input.
signal levels.

If we want to decompress the analog
data, or take the antilog of an analog sig-
nal for any other reason, then we™ may
want to use an antilog amplifier (see Fig.
2). To make that type of amplifier is sim-
ple: We merely reverse the pesitions of R1
and QI in the log amp. The antilog amph-
fier of Fig. 2 also requires emperature

FIG. 2—AN ANTI-LOG AMPLIFIER circuit reseph-
bles the fog-#mp circull. Only the circull posk
tiens of Q1 and R1 have been Swapped.

compensation.

Figure 3 shows the block diagram for
the Burr-Brown 4301 and 4302 hybrid
amplifiers. Those two devices are essen-
tially the same except for package style
(plastic-vs-melal) and emperature range.
The 4304/02 contains logarithmic ampli-
fiers and a summing network. The device
accepts three input voitages (Vy, Vy and
Vz) that produces an output voliage ac
cording to the transfer function:
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where Vg is the output voltage: Vy, V.
and V, are input voltages, and m has a
value beiween 0.2 and 5.0, The valueof m
is set by a simple resistor network. Be-
cause of that, the 4301/02 allows us to
create transfer functions that would other-
wise be difficult 1o achieve with simple
circuitry. Figures 4-athrough 4-c show the
resistor networks for three cases: m=1.
m<|, and m>1, respectively.

Typical applications for the 4301/02 are
shown in Figs. 5. 6. and 7. Figure 5 shows
a simple analog multiplier in which m= |
and the Vy input is biased 10 a constant
value. Hence, the output voltage will be
the product of Vy and Vz, divided by the
V, constant.

Figure 6 shows an analog-divider cir
cuit built along similar lines to the multi-
plier. Again, m is set to one, and, in this
case, Vy is set to a constant value. The
result is an output voltage Vg = 10VZ/ V.

PFigure 7 shows a ¢ircuit that might ge
called an exponentiator, and has a transfer
function of Vg = 10{V )™, where m is sel
by R4, as shown in Fig. 7-b and Fig. 7-c.
Of course, each potentiometer can be re-
placed with a pair of resistors selegted
according to the equations shown in Figs.
4-b and 4-c.

Isolalion amplifiers

There are certain ¢ases where il is desir-
able 1o maintain a very high degree of
isolation between the inputs and outpuis
of an amplifier. If there is some factor 1n
one environment that is dangerous 10 the

‘FiG. 3-BLOCK DIAGRAM and pinout of the Bum.Brown 43014302 hybrid logarithmic 'ampllf;ers.

other. then the use of an isolation ampli-
fier is justified. Biomedical instruments
are a case in point. It is believed that the
maximum safe exposure 1o 60-Hz AC for
certain patients is about 1 microamperes.
Normal leakage currents can exceed that
value by a couple orders of magnitude, so
medical equipment designers usually
specify an isolated input amplifier stage.
For medical applications it is common to
find the degree of isolation expressed as
1012 ohms between inputs and the power
tenininals of the nonisolated side of the
¢ircuit.

Previously, isolation amplifiers were
built from discrete components. Today,
however, we ¢an buy hybrid isolation am-
plifiers from several sources. At least two
methods are now being used to achieve
isolation: transformer coupling and op-
tical coupling.

Figure 8 shows the transformer-coup-
ling method in block-diagram form. A
high-frequency (50 to 500 kHz) signal is
generated in a power oscillator on the non-
isolated side of the circuit. The use of
such high frequencics allows the con.
struction of transformers (T1 and T2) that
casily pass the signal bul severely attenu-
ate the low-frequency 60-Hz AC lcakage.

The oscitlator output signal (200 kHz in
this example) is coupied to the isolated
side of the circuit via transformer T1. The
oscillator signal is used for two purposes.
Those are to provide 200-kHz AC to the
rectifier/filter isolated DC power-supply,
and to provide a 200-kHz carrier to the
modulator stage.

The purpose of the isolated DC power-
supply is to complelely divorce the power
for the isolation amplifier from the power
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FIG, 4——THESE SIMPLE RESISTOR NETWORKS
are used lo aet the vlus of m. The cneln & 18 for
the m =1 case. the one in b |s for the m<1 Case,
and the ane in ¢ I for the m>1 case.

for the nonisolated “outside world."”
Since the current level Is very low. the
rectifiers used in that circuit are often
ordinary signal diodes rather than rectifier
diodes. Also, the high frequency of the
AC, 200 kHz. allows use of very low-
value filter capacitors in the isolated DC-
supply; we don’t need large, high-value
electrolytic capacitors.

Amplifier ICi is connected to the signal
source (a patient in biomedical applica-
tions, for instan¢e). That stage usually has
a medium levei-gain that is a healthy frac-
tion of the total gain. The signal from the
output of IC] is fed to the input of a modu-
lator stage. The modulator output is an
AM signal with a carrier frequency of 200
kHz. The AM signal is coupled to the
nonisolated side of Lhe ¢ircuil via trans-
former T2.

The oniginal signal (V) is recovered by
demodulating the AM signal. While some
designs use simple envelope detectors {as
in AM radios), others use a phase-sen-
sitive detector (also called a synchronous
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detector) for the demodulator stage. That
type of AM detector requires a sample of
the carrier. so a 200-kHz signal is
provided by the power oscillator,

Following the demodulator will be an
output buffer-amplifier (1C2). That stage
may or may not provide variable gauwn.
depending on design.

Optically-coupled isolation amplifiers
(see Fig. 9). as their name would imply,
use light to carry the signal from isolated
10 nonisolated sides of the circuit. Most
isolation amplifiers are of the optoisolator
variety. That device should be familiar to
most Radijo-Electronics readers. It con-

Vaer
F
R1
50K
1
e
R KLY ] IV
Y o |2
o Vz
v
2 - 1 1 |12
vy
Yo " 35

FIG. 5—IN THIS APPLICATION. $n snaiog multi-
plier. the oulpul I% the product of ¥y and ¥,
multiplied by Vy.
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FIG. 6—IN THIS ANALOG DIVIDER, the outpul |8
equal 10 10V, divided by V.

-
-
<

2 vo

Vagr
T A2 Vo = 10 {v M
50X |
APA—a-AAA, ¥y
A1
25K aap t Ict Vo
Midd Vi a30v LR
K 5 4302
e == M

vz :'311 is

A
&
A B C A B C
- A% | ! R4
0o = = 1005t
POWERS RODTS
m > 1} im< 1
& ¢

FIG. 7—IN THE CIRCUIT SHOWN IN &, the valus
of m Is set by R4 as ahown In b and €.
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FIG. B—BLOCK DIAGRAM of a transformer-coupled isolation amglilier. The lransiormers used are
designed to pass the high-frequency Signals bui sharply attenuate any 60-Hz leakage current.

sists of a light-emitting diode (LED) and a
phototransistor housed in an IC package.
Although many people are aware of the
digital applications of the optoisolator, it
is also possible to use that device in linear
applications. For instance, if we modulate
the LED light, the pattern of medulation
is reproduced at the transistor output.

Note in Fig. 9 the use of an isolated
ground for the input stage. If isolation is
to be achieved, the input-stage ground
must be kept separaie from the ground
used by the balance of the circuil.

Figure 10 shows the pinouts and block
diagram for the Burr-Brown 3650 and
3652 isolation amplifiers. The two de-
vices differ from cach other in that the
3650 is a current-input amplifier and the
3652 can be configured for either a curment
or voliage input. Both the 3650 and 3652
are oplically coupled and usc a unique
Burr-Brown circuil that tends to cancel the
drift problems scen on certain other op-
tically-coupled designs.

The 3650/52 devices do not contain a
built-in isolated power supply. The +V
and =V voltages 1o the nonisolated side
can be supplicd from the regular DC sup-
ply used in the rest of the circuit. The
voltages for the isolated stages must come
from a source that is isolated from the AC
power lines. That requirement usually
means baiteries {not while connected 1o
the charging circuit?!) or an external, iso-
lated power-supply. Burr-Brown makes
several suitable DC-10-DC converters in-
cluding single-port (7190). dual-port (722}
and quad-port (724} versions. The dual-
and quad-port versions will supply power
for two or four isolation amplifiers, re-
speclively.

Figure 11 shows a 3650 with differential
current-source inputs (11 and [2), The gain
of the isolation amplifier is 106 volts per
ampere, So the output voltage is given by:
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FIG. —OPTICALLY COUPLED isolatlon smpli-
tiers require the use of & separate, Isclailed
ground for 1he Input stage.

Vo = (11 =12) (10® V/A) (¥4}

where: |1 and 12 are the inpul currents in
amperes.

A voltage-input configuration for the
3650 is shown in Fig. 12. In that citcuit,
two input resistors (R;1 and Rg2) are in
series with the input terminals of the
3650. The gain is given by:

108
"Rgl + Rg2 + Ry + RS L) (8)

Vo

where: Rl and Rg2 are the external re-
sistors shown in Fig. 12, Ry, is the nomi-
nal input resistance of the 3650, and Rg is
the outpul resistance of the driving signal-
source. In many practical cases we find it
possible to lump R, and R? together into
one¢ termof approx:mately 115 ohms. That
action makes the gain dependent solely
upon Rgl and Rg2. The resultam sim-
plification will break down only when
using a signal source with an excessive
oulput resistance.
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FIG. 10—BLOCK DIAGRAM and pinout of the Burr-Brown 3650 is shown [n &; The block diagram and
pinoul of the Burr-Brown 3652 is shown In b.
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FIG, 1—HERE, THE 3650 is configured wiih differential current-inputs.

The oonﬁgurauon for the wlage- mput
3652 is"shown in Fig. 13. As in the pre-
vious case, the gain is set by Eq. 8 with
Ro+ Ry lumped together as 115 ohms.
Let's rewrite Eq. 8 in simplified form to
solve Tor Rgl and Rg2 when the gain is

known. As a basic assumption

Rgl =Rg2 =Rgl, so Eq. 8 becomes:;

Fi
Ra Mi? ”.5) (9}
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Let's look at an example: Calculate Rgl
and Rg2 for an amplifier with a gain (Ay)
of 1000 (10%). Assume a 3652 isolation
amplifier and Rgl =Rg2. Then:

Rg = % "g 115 )
= 1 (1000 - 115)

= 442.5 ohms

In a practical case we would accept a
tiny gain error by using R; = 440 ohms (a
standard value). If precise gain is re-
quired, then we may either trim those re-
sistors or factor the gain into two parts and
make up the error in an adjustable preced-
ing or following stage.

The isolation amplifier is unique in that
it solves certain interface problems for
which no other solution is even reason-
able. Biomedical applications probably
require their use the most, because of the
importance of paticnt safety. But, some
biomedical applications provide very
harsh environments. Electrocardiograph
(ECG) amplifiers, for example, must
sometimes withstand a 2000-3000 volt.

Rg2 } 1c1
V2 oA S 1650
[ >E v
Rg1
V1 i

FIG. 12—IN THE VOLTAGE-INPUT CONFIGURA-
TION, two resistors, Rgt snd Rg2. sre placed in
s#rias with the inpuls

FIG. 13—THE 3652 configured lor voliage Inpul.
The gain for the tircultis given by Equation B in

the jaxt.
10-ms, shock from a defibrillator. Those
machines are high-voltage, electrical-dis-
charge devices used to administer an clec-
iric shock to correct fatal heart thythms.
e isolation amplifier must therefore be
rated to withstand such shocks.
When we continue this series, we will
deal with waveform-generator circuits
that are based on operational ampl ifiers.
We will- include sinewave, squarewave,
and pulse generators, and more! R-E
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CMOS
CLOCK

CIRCUITS

The next time you need a clock generator, pick out one of these CMOS-based designs.

(N THE SEPTEMBER 1SSUE, WE TOOK A
look al squarewave-generator circuits.
This month, we'll 1ake another look,
However, instead of using transistors, op-
amps and 555 1imer 1C’s, we'll deal only
with designs based on CMOS IC’s.

CMOS logic ICs can easily be used o
make squarewave-generator or “clock”
circuits that are both inexpensive and
highly versatile. The outputs can be sym-
melrical or non-symmeltrical, and the os-
cillators can be either free-running or
gated. The gated oscillators can be de-
signed to wm on with either logic-0 or
logic-1signals, and to give either a logic-0
or a logic-l output when in the “off”
mode. You can even use those "cheapo™
circuits as simple VCO’s (Vohage-Con-
trolled Oscillators) or as frequency-modu-
lated oscillators,

If you want VCO operation with excel-
lent linearity and versatitity, then you have
to be slightly more particular about the 1C
you use, We'll get to that in just a litle
while. But first, the basics: 2-gaie CMOS
sqQuarewave-generator or aslable ¢ircuits,

Two-gate astable oscillators

The simplest way to make an astable
circuit is to wire two CMOS inverter
stages in series and use the R-C feedback
network shown in Fig. 1. That circuit gen-
erates a decent squarewave culput and op-
¢rates at about 1 kHz with the component
values shown. The frequency is inversely
proportional 1o the R-C time constant, so
it can be raised by lowering the values of
either Cl or R1. Capacitor C] must be a
non-polarized type; it can have any value
from a few tens of pF to several pF Re-
sistor R1 can have any value from about 47
kilohms to 22 megohms. With those
ranges of values, the operating frequency

RAY MARSTON

can vary from below | Hz to about 1 MHz.
For variable-frequency operation, Rl
should be replaced by a series combina-
tion of a fixed and a variablée resistor.

The output of the astable circuit in Fig.

I switches (when lightly loaded) almost
fully between the zero and positive supply
rail values. But the RI-C1 junction is pre-
vented from swinging below zero or above
the positive rail levels by on-chip clamp-
ing diodes at the input of ICl-a. That
characteristic causes the operating fre-
quency of the circuit 1o be somewhat de-
pendent on the supply: Typically, the
frequency falls by abouw 0.8% for a 10%
rise in supply voliage. If the frequency is
normalized with a 10-volt supply, the fre-
quency falls by 4% at 15 volts or rises by
8% at 5 volts,

The operating frequency of the circuit
shown in Fig. | is also influenced by the
individual gaies that are used. You can
expect the frequency to vary by as much as
10% between individual IC’s. The output
symmetry of the waveform also depends
on the particular IC used and, in most
cases, the circuit will give a non-sym-
metrical output. In most “hobby" or
other non-precision applications, those
defects of the basic astable circuit are of
littte practical importance.

We should note here that for the circuit
in Fig. 1—and all of the others that we’ll
present this month—the supply voltage
indicated by "'+ V" can be anywhere
from 3 10 18 volis DC, Also, the CMOS
IC’s used are all of the "B-series™ type
(with improved gale-oxide protection. )

Figure 2 shows an improved, " compen-
sated™ astable circuit in which R2 is wired
in series with the input of 1Cl-a, That
resistor must have a value that is large
relative to R1; its main purpose is to allow
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FIG. +—THIS 2-GATE CMOS ASTABLE operates
at 1 kHZ with the component values shown.
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FIG. 2—THE *COMPENSATED" VERSION of tRe
2:.gate astable r has Isnt frequen-
cy siabllity with variations in suppty voltage.

the R1-C1 junction to swing freely below
the zero and above the positive supply cail
voltages during circuit operation and thus
improve the frequency stability of the cir-
cuit. Typically, when R2 is ten times the
value of R1, the frequency varies by only
0.5% when the supply voltage is varied
between 5 and |5 volis. An incidental
benefit of R2 1s that it gives a slight im-
provement in the symmetry of the outpul
of the astable.

The basic and compensated astable cir-
cuits of Figs. 1 and 2 can be built with a
good number of detail variations, as
shown in Figs. 3 10 5. [n 1he basic astable
circuit, for example, Cl alternately
charges and discharges via R1 and thus
has a fixed symmetry. Figures 3 to 5 show
how the basic circuit can be modified to
give alternate charge and discharge paths
for C and thus to allow the symmetry to
be varied at will.

The circutt in Fig, 3 is useful if you
need a highly non-symmetrical waveform
(such as a pulse). Capacitor Cl charges in
one direction via R2 in parallel with R, to
generate the mark (or pulse) part of the
waveform. [t charges in the reverse direc-

3 661 HIAWIAON
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FIG. 3—YDU CAN MODIFY THE 2-gate astabie to
glve a non-aymmetrical output. The “mark” time
Is controlled by the paralisl combination of R1
and R2. The “spacs™ time 18 controlled by only
R2.
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SOUAREWAVE
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FIG. 4—THE "MARK™ AND “SPACE" thmes can
be independently varied by R2 and RY respec-
tively.

SQUAREWAVE ©
TPUT

FIG. 5—THE DUTY CYCLE OF THIS ASTABLE is
tully variable from 1:11 10 11:1,

tion via R2 only, to give the space be-
tween the pulses.

Figure 4 shows the modifications for
generating a waveform with indepen-
dently variable mark and space times: the
mark time is controlled by R1. R2, and
DI, and the space time is controlled by
RI1. R3, and D2.

Figure 5 shows the modifications to
give a variable dury-cycle (or mark/space
ratio) output while maintaining a near-
constant frequency. Here, C1 charges in
onc direction via D2 and the lower half of

R3 and R2, and in the other direction via
D1 and the upper half of R3 and R1. The
duty cycle can be varied over a range of
I:11 to 11:1 via R3.

Figure 6 shows a couple of ways of
using the basic astable circuit as a very
simple VCO. The circuit in Fig- 6-a canbe
used to vary the operating frequency over
a limited range via an extemal voltage.
For satisfactory operation, R2 must be at
least twice as large as RI. Its actual vaive
depends on the required frequency-shift
range: A low R2 value gives a large fre-
quency-shift range, and a larger R2 value
gives a small frequency-shift range. The
circuit in Fig. 6-b acts as a special-effects
VCO in which the oscillator frequency
rises with input voltage. but switches off
completcly when the input voltage falls
below a value preset by R3.

COKTROL-VOLTAGE
INPUT

SQUAREWAVE
QuTPyT T

CONTROL-YOLTAGE
INPUT

+] SOUAREWAVED
5 A3 DUTPUT

3 100K

CuUT-0FF ADJ.
B R2?
* 100K
L

PO T T ¥ Y

FIG. 8—A SIMPLE VOLTAGE.CONTROLLED OS-
CILLATOR ©r ¥CO Is shown Ina. Shown Inbis a
VCO that cuts off when V,, falls below & value
thal s preset by R3.

Gated astable circuits

All of the astable circuits of Figs. 1 to 6
can be made using NAND or NOR gates
instead of inverters. Simply replace the
inverters with one of the gates as shown in
Fig. 7.

Using NanD and nogr gates instead of
inverters has a practical advantage—it lets
you modify 2ll of the circuits in Figs. 1-6
for gated operation. In other words, the
astables can be tumed on and off by exer
nal signals. All you have to do is to use 2
2-input NanD (401IB) or nor (4001B)
gate in place of the inverter in the 1Cl-a
position. and apply a control signal to one
of the gate input terminals. By choosing
the appropriate gate, you ¢an control your
astable by either a high or a low gate

WwWww americanradiohistorv comm

signal. That is shown by the two basic
versions of the gated astable multivibrator
in Figs. 8 and 9.

ING out
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outr  IN
IN ouT
& -

% 5 [

FIG. 7— TWO-INPUT MAND OR NOR gates can
be used 38 Invertera. As we'll 309, thay permit
gsted opration. As with sany other CMOS |C. be
sure to tie all unused Inpuls 1o one ot 1he supply

ralls.
K —1
Y £ At il
Lapox M
1 §

GATEIN D—E‘ltl-h >
A2 | T son1 144
100K

QUTPUT
-

FIG. B~THIS GATED ASTABLE hss a normalty-
low output. 11 Is gated on by @ high inpul.

Y

ouUTPUT

FIG, 9—THIS GATED ASTABLE has & normaity-
high output. 1t |8 gated on by & low input.

Note specifically from those 1wo cir-
Cuits that the NAND version is gated on by
a logic-t input and has a normally-low
output, while the NOR version is gated on
by a logic-0 input and has a normally high
output. Pull-up {or pull-down) resistor R2
can be climinated from the circuits if IC1-
a is direct-coupled from the output of a
preceding CMOS logic stage.

In the basic gated astable cirouits of
Figs. 8 and 9, the outpui signal terminates
as soon as the gate drive signal is re-
moved. Consequently, any noise present
at the gate terminal also appears at the
outputs of those circuits. Figures 10 and 11
show how to modify the circuits to over-
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FIG. 10—SEMKELATCHING OR “NOISELESS™
gated astable has s normally-low cutput and ia
gated on by & high Inpul.

ouTPUT

(1]
LLTITE)

FIG. 11—ALTERNATIVE SEMI-LATCHING ssta-
ble has & normslly-high outpul and is gated on
by 8 low Input.

come that problem. There, the gate signal
of IC]-a is derived from both the “outside
world” and from the output of ICl-b via
the diode or gate (DI, D2, and R2). As
soon as the circuit is gated from an exter-
nal signal applied via D2. the output of
ICI-b reinforces or self-laiches the gating
via D1 for the durmion of one-half astable
cycle. That ellminates any effects of a
noisy external gate signal. The outputs of
the “semi-latching™ gaied astable circuits
are thus always complete numbers of half
eycles.

Ring-of-three circults

The 2-gate astable circut is not gener-
ally suitable for direct use as a “‘clock™
generator with fast-acting counting and
dividing circuits. That's because it tends
to pick up and amplify any supply-line
noise during the “transitioning” parts of
its operating cycle and 1o thus produce
squarewaves with **glitchy™ leading and
trailing edges. A far better type of clock
generator circuil is the ring-of-rhree asta-
ble that is shown in Fig. 12.

The Fg. 12 ring-of-three circuit is sim-
ilar to the basic 2-gate astable, except that
its *input” stage (IC1-a—1Cl-b) acts as an

ulira-high-gain non-inverting amplifier
and its main timing components (R1-CI)
are transposed (relative to the 2-gate asta-
bie). Because of the very high overall gain
of the circuit, it produces an excellent and
glitch-free squarewave outpul, ideal for
clock-gencrator use.

The basic ring-of-three astable can be
subjected to all the design modifications
that we've already looked at for the basic

OUTPUT

FIG. 12—THE "RING-OF-THREE " s#table makos
an gxcellant ¢lock generalor.

FIG. 13— THIS GATED “RING-OF-THREE" asi»
bie has 8 normslly-low output and |s gated on by
8 logic-1 signal.

144 14 4011
o i 1/4 4011

R2
) i ouTPUT

= GATEIN

FIG, 14—THIS GATED "RING-OF THREE™ sata-
bie hes & normally.high cutput and is gated on
by & loglc-1 signal.

2-gate astable—it can be used in either
basic or compensated form and can give
either a symmetrical or non-symmetrical
output. etc. The most interesting varia-
tions of the circuil occur, however, when it
is used in the gated mode, since it can be
gated via cither the 1C1-b or 1Cl-¢ stages.
Figures 13 to 16 show four variations on
that gating theme.

The circuits in Figs. 13 and 14 are both
gated on by a logic-1 input signal, but the
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OuTpPUT

FIG. 15—THIS ASTASLE IS GATED on by s logic-
0 signal and has a normally [ow oulpul.

Y

1/4 4001 1/¢ 4001 |
c1 \.L'
i g 5] |

| 680K

FG. 18—THIS ASTABLE IS GATED on by s logic-
0 signal wnd has 8 normally high oulpul

circuit in Fig. 13 has a normally-low out-
put, while that of Fig. 14 is normally-high.
Similarly. the circuits in Fig. 15 and 16 are
both gated on by a logic-0 signal, but the
output of the circuit in Fig. 15 is normally-
low, while that of Fig. 16 is normally-
high.

4046 VCO clreuits

To close this look at CMOS square-
wave generator circuits, let’s consider
some practical YCO applications of the
4046 phasc-iocked loop (PLL) IC. Figure
17 shows the intemal block diagram and
pinout of the 4046, which contains a cou-
ple of phase comparators, 2 VCO, a Zener
diode, and a few other bits and picees.

For our present purpose, the most im-
portant pan of the chip is the VCO sec-
tion. That VCO is a highly versatile
device: [t produces a well-shaped sym-
metrical squarewave oulput, has a top-end
frequency limit in excess of | MHz, hasa
voltage-to-frequency linearity of about
1% and can easily be “scanned” through
a 1,000,000:1 range by an extemal voltage
applied to the VCO input terminal. The
frequency of the oscillator is governed by
the value of a capacitor (minimum value
50 pF) connected between pins 6 and 7,
by the value of a resistor (minimum value
10K) wired between pin [1 and ground,
and by the voltage (any value from zero to
the supply voltage) applied to VCO-input
pin 9.

Figure 18 shows the simplest possible
way of using the 4046 VCO as a voltage-
controlled squarewave generator. In that
circuit, the CI-R1 combination deter-
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FIG. 177—INTERNAL BLOCK DIAGRAM of the 4046 phase-locked loop IC.

mines the maximum frequency that can be
obtained (with the pin 9 voltage at max-
imum) and R2 controls the aciual frequen-
cy by applying a conirol voltage to pin 9:

+9y
(M
ooa? |
QUTPUT | 1 l
8 7116 9 > R2
3 +2 100K
{8 & FAEQUENCY
4 4046 8
H
WA
Al
BEK "

FIG®Y8—A BASIC WIDE-RANGE VCO spanning
from about zero to gbout 5 kHz {determined by
R2).

cl v
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Hiwux
4 g FREQUENCY
u[ a] s
“"‘T
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FIG TF—THE FREQUENCY OF THIS VEO,can be
varied all Ine way down 1o zero.

QUTRUT

4

-
AR

FIG. 20—THIS RESTRICTED-RANGE VCOhas a
frequency range from abouwl 72 Hz 10 5 kHz.

The frequency falls to a very low value (a
fraction of a Hz) with pin 9 at zero volis.
The effective control-voltage range of pin
9 varies from roughly | volt below the
supply value to about | voit above ground,
and gives a frequency span of about
1.000,000:1. 1deally, the supply voliage to
the circuit should be regulated.

We've said above that the frequency of
the circuit shown in Fig. 18 falls to near-
zero when the input voltage is reduced to
zero. Figure 19 shows how the circuit can
be modified so that the frequency falls all
the way to zero—all that’s needed is a
high-vaiue resistor (R3) between pins 12
and 16. Note here that, when the frequen-
cy is reduced to zero, the VCO output
randomly settles in either a logic 0 or a
logic 1 state.

Wwww americanradiohistorvy comm

Figure 20 shows how the pin-12 resistor
can be used 1o determine the minimum
operating frequency of a restricied-range
VCO. In 1har circuit, figy is determined
by C1-R2 and f4,. x is determined by the
combination of C1 and the parallel resis-
tance of R1 and R2.

OUTRUT

5 R?
100K
FREQUENCY

FiG. 21—ANOTHER RESTRICTED-RANGE VCO.
The maximum frequency ls determined by the
C1.R1 lime constanl; the minemum frequency i
detarmined by the fime constam CV{R1 +R3)

4]
007 L9y

Fh

s |3 100K

auTPUT < FAEQUENCY
GATE 5[ 811
IN oy
£ R1
2 $6ex
%
409
A I
3 1
160K +

FIG. 22—THIS GATE. WIDE-RANGE VCT uses
an #xlernal inverter.

Figure 21 shows an allemnative version
of the restricted-range VCO, in which
Suuax is controlled by CI-RI and fip is
determined by Cl and the series cOrm)ma-
tion of R] and R2. Note that, by making a
svitable choice of the Rl and R2 values,
the circuit can be made to “span” any
desired frequency range from 1:} 1o near-
infinicy.

Finally, it should be noted that the VCO
section of the 4046B can be disabled by
1aking pin 5 of the package high (to logic |
level} or enabled by taking pin 5 low. That
feature makes it possible to gate the VCO
on and off by exiernal signals. Figure 22
illustrates that feature and shows how the
basic woltage-controlled oscillator ¢ircuit
can be gated via a signal applied to an
exiernal inverted stage. R-E
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DIGITAL ELECTRONICS, by David
Casasent; Quantum Publishers, Inc.,
c/o Prentice-Hall, Inc., Englewood
Clifis, N) 07632; 7% %X 9% inches;
softcover; 259 pages, inCluding ap-
pendix, bibliography, and index;
$9.95.

The design of digital circuits in-
volves three somewhat separate
disciplines: logic design, applica-
tions, and hardware. This text is
intended primarily for a junior or
senior electrical-engineering
course in digital electronics; no
prior knowledge of Boolean al-
gebra, logic design, or transistor
theory is required. Both differen-
tial and integral equations and de-

terminants are avoided; the one
and only mathematical prere-
quisite is algebra.

The emphasis is on hardware—
that is, the actual design and analy-
sis of individual logic circuits
rather than the interconnection of
them (logic design). That hardware
flavoring fs even more pro-
nounced in the treatment of the
individual gates and regenerative-
logic circuits in which designs
using discrete (individual) tran-
sistors, etc., are emphasized. tib-

eral and ample coverage of IC
logic devices is included in the
text. To help you understand how
they work, most of the IC's are
treated in rather complete detail,
as if they were constructed from
discrete componenits.

A thorough treatment of the
principles and techmques covered
should enable the reader to de-
sign basic special-purpose digital
circuits and to use the multitude of
commercially available digital inte-
grated-circuits, R-E

[ : : :
Learn micro-processing with the new

MICRO-PROFESSOR 1P
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| g':-ade your micro-processing skills
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The MPF-1P features:
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* improved keyboard

# larger display
Three tutorial gutdes help cover all
capsbiliues. The ideal training cool
MPF- (P will deliver you into the growing |
world of micro-processing. lnvest now!

Plus_FREE GIFT  ©°lv $179.95

[ Chegk chia box for FREE

I-80 Microprocewsoy l
Programming and
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yous order within 7 daye. RET94
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or immediatc action call TOLL FREE:
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ull money guarantee ¥3d |
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Oscilloscopes

For Field Service
and Laboratory

#’
1 feature: !
E?J::l;onent tester in all m

odels!

HM605 60MHz Dual Trace - USS 965,
Sensithaty 5 mv-20V/div at B0MHz, 1TmV at 5 MMz « Automatic
peak-value or normal triggenng 1o 80MHz « Delay line « Variable
sweeD delay from 100ns-15 « Timebase range from 2.5s/giv to
max. 5ns/div « Unique fast-rise-time 1 kHz/% MHz calibrator o
Bright high-resolution 14kv CAT

HM204 20MHz Dual Trace - USS 758 -

Sensitvity SmV-20¥/div « 1mV at MHz « Timebase range
1.25s/div-10ns/div » Automatic peak-valug triggering to gOMHx
Delay line « Variable sweep deiay » Single sweep mode o
Y-Outpul ¢ Z-modulation « Overscan indicator «

Unique 1kHz/1 MHz calibrator.

HM203 20MHz Dual Trace - USS 605,-
Western Europe’s best selting 20 MHz-Scope! « Sensitivity ZmY.
20¥/div » Triggerbandwidth 0MHz « Timebase range 0.2p —
max. 20ns/dry

HM103 10MHz Single Trace- USS 410,

Smail, compact service scope ¢ Sensitivity 2ZmV-20¥idrv « Time-
base range 0.2us-0.28/div » TVV and TV-H triggering.

Modular
System
HM 8000

For more details
write or call coliect:

HAIELS INC.
88-90 Harbor Road - Port Washington N.Y. 11050
Phone (516) 883.3837 : TWX (510} 223.0889
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ZX81 INTERFACE
continued from page 72

try them anyway—we're sure you'll find some of them amusing.

For initial testing, you'll want the Digiralker to speak all of the
words in its vocabulary. But if you want to use the synthesizer for
serious applications, you'll need control over exacily what it
says. The next program allows you to command the Digitaiker to
speak any sequence of words from the list in Table 21 so that you
can program phrases or sentences. Enter the BASIC program in
Table 24. Using that program, you can enter a word sequence as
a series of three-digit values. All words must be represented by
three digits: Any numerical value less than 100 must be padded
with leading zeros. (For example, a | must be represented as a @
01.) The digits are entered in a series. and delimiters are not
required between the three-digit groups. For example, if you
want the Digitatker 1o say **The timc is 1:30," the sequence you
enter is:

138139096001021

WIRE-WRAP
CARD-EDGE
CONNECTOR

WIRE WRAP PINS
BENT TOWARD
FOIL TRACES

"PIGGYBACK" PC
BOARD
FIG. 13—THE INTERFACE €IRCUIT does nof have 10 lie up your 2X81%

port. An “extender” board will allow you to piggyback other devices to the
interfece.

FIG. t4=THE FOIL
PATTERN for Ihe dou-
ble-sided piggybsack
extender board. Note
that OnlY one pattern
is shown, The other
gide I8, of course, the

sAme.
}Q_ 2:1/4 INCHES —){

The BASIC program divides the sequence into its three-digit
word representations and sends them to the machine-language
routine where the Digiralker is commanded to sequentially
speak cach word.

A plggyback connector

As you complete the interface projects we're sure that you'll
discover that the 1K or 2K memory in your computer really limits

Wwww americanradiohistorvy comm
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PARTS LIST—SPEECH SYNTHESIZER

Resistors, Ye-watl. 5% uniess otherwise noted
R15—1500 ohms

Ri6—~1 megobm

R17—820.000 ohms

R18—9100 phms

R19—10,000 ohms

R20—10 chms, ¥ watt

Capacitors

C4, C5—50 pF. ceramic dise
C6-C9. C11—D.1 pF, ceramic disc
C10—20 uF, 10 volts. electrolylic
C12—0.047 wF, ceramic disc

C13, C14—.01 pF, ceramic disc

Semlconductors

1C20—74L573 dual J-K flip-flop
IG21—74LS373 octal D-type latch
1C22—MM54104 speech processor [C
1C23-—-MM52164 SSR1 speach ROM
1C24—MM52164 SSR2 speech ROM
1C25—1LM346 quad op-amp
1C26—LM3B6 audw ampiifier

Other componenls
XTAL2—4 MHZ
SPKR1—8 ohms

what you can do. To eliminate that problem. you might want to
add a 16K or 64K memory pack. Both are commercially avail-
able for the Sinclair. The problem is that the interface circuit is
pluggcd into the same slot that the memory pack must plug into,
That problem can be solved by soldering a set of card-edge
fingers onto the wire-wrap socket so that a memory pack can be
piggybacked onto the interface circuit. Figure 13 shows how the
card-edge fingers are attached 1o the wire-wrap socket. Figure 14
is the foil pattern for one side of the board. (The pattem for the
other side is. of course, the same.)

The author of this four-part anticle would like to hear from any
readers with interesting circuits to share, or anyone with ques-
tions regarding interfacing the ZX8/ or Timex Sinclair 1000. You
can contact Neit Bungard direcily at PO Box 493, Blacksburg,
VA 24060 R-E

P

mith

"“We'veaddediheacceleratorcardtothecompurer Whydoyouask?"

THE
RIGHT
STUFFE

The growlh of NTE gualily replacement parts has
been nothing short of astronomical. And 1ha proot
i5 in our new 1984 Replacement Masier Gulde,
destined to be the standard directory for 1echnicians
across the country. In excass of 3.000 quaklity NTE
types are cross-referenced 10 more than 220,000
indusiry part numbers.

YOU'LL FING ALL THE RIGHT STUFF FOR !
REPLAGCEMENT, MAINTENANCE AND REPAIR: i
- Transistors - Memory IC's
« Thyristors = Thermal Cut-Offs
» |ntegrated Circuits » Bridge Rectitiers
» Rectifiers and * Unijunctions
Dlodes * RF Transistors
+ High Voltage * Mictowave Oven
Multipliers and Reciifiers

Olviders « Selenium Rectitiers
- Optoelectronic « NEW! The Protectos

Oevices 6000 ™ Transient
= Zeners Voltage Protection
*« Microprocessors Stap

and Support Chips

Look tor our Replacement semiconductors in the
tright green potybags and Cartons that list rating
limits, device type. diagrams and compslitive
réplacement righl on the pactkage. NTE quality
parts are availabie from your local NTE distributor
and come backed by our exclusive two-year
warranty. Ask for your FREE NTE Repiacement
Master Guide and take off with NTE!

NEwW -TONE ELECTRONICS, INC.
44 FARRAND STREET * BLOOMFIELD, NEW SERSE Y 07003
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Then and now

WITH THE INTELLIGENCE OF HINDSIGHT,
it is amusing and even instructive
to look back on the rapid develop-
ment of the TVRO industry since it
all began in October 0f 1979. It was
on October 18, 1979 that the FCC
held a meeting and decided that
TVRO (Television-Receive-Only)
“terminals” would no longer be re-
quired to file for and receive a
federal license. Until that deci-
sion, many of us had been operat-
ing our TVRO's "extra-legally:” We
had them, we used them, and we
at least suspected we were break-
ing some obscure regulation or
law. When the FCC decided, with
great wisdom, that no further li-
censes would be required, a major
legal impediment to owning and
operating a TVRO was done away
with. The industry has never
looked back from that event.

But perhaps we should. Having
just celebrated five years of
TVRO’, | suspect there are many
readers of Radio-Electronics who
have had the opportunity to con-
sider expanding their own sales
and/or service business to include
TVRO-system hardware. | also sus-
pect, and in fact know, that many
of the best and most qualified
electronic equipment shops in the
country have, in the past, elected
to pass TVRO's by because of a
frightening array of equipment
problems and potential equip-
ment liabilities. That will, for the
next few issues of this column, be
our editorial thrust; we will look at
“then” and “now.” Or, the way that
TVRO hardware has changed since
all of this began in late 1979 and
early 1980, to give you both a feel
'Pubh!_iher. C50 Magazine

for the rapid strides TVRO hard-
ware has made in that five-year
span, and to perhaps introduce
you to the potentially profitable
business of handling TVRO equip-
ment as an adjunct {or featured
gan) to your present electronics

usiness interests. Consumers in-
terested in TVRO's will also find
the following discussions a useful
and informative way to learn about
the equipment that is part of such
a setup.

The basics

The basic TVRO system of 1984
differs somewhat from the basic
TVRO system of 1979/80 because of
the number of subtle (and not so
subtle) advances in technology.
But the elements of the system
have not changed.

For example:

1) Satellite microwave energy is
radiated from a satellite some
22,300 miles aboye the earth. That
energy is usually {but not always)
“directed” at a specific portion of
the earth (known as the boresight).

2} On the earth, the TVRO must
have a clear (not obstructed) view
of the satellites of interest.

3) The TVRO dish is some form
of parabolic (usually) reflector. It
acts like a giant (well, large) collec-
tor, capturing the satellite’s (weak)
signals and re-directing them into
a tight focal point in front of the
dish.

4) There, a small antenna called
a feedpicks up the focused energy
and couples it directly into a spe-
cial signal-booster called an LNA
(tow Noise Amplifier).

5) The LNA amplifies the signal
and sends it through ashort length

WwWww americanradiohistorv comm

BOB COOPER, JR.*

of “premium-grade” cable {typ-
ically RG-213/U or 214/U) to a rear-
of-antenna mounted box called a
downconverter.

6) The downconverter has a lo-
cal oscillator, a mixer, and some
amplifier stages inside a typically
semi-weatherproofed metal en-
closure. The downconverter takes
the 4-GHz (3.7 to 4.2 GHz) signal
and shifts it “"down” to a lower fre-
quency; 70 MHz is typical.

7) That IF signal is now trans-
ported inside (the home, office,
etc.) using relatively low-cost
RG-59/U or RG-6/U cable.

8) Inside, the IF signal is con-
nected to a demodulator that fil-
ters and amplifies the signal and
then demodulates it (turning it
into pure video and pure audio).

9) The video and audio can now
be used to re-modulate a low-
power RF modulator with an out-
put on {NT5C} Channel 2-6. That
signal, usually under +10 dBmV
(3,000 microvolts) is now con-
nected to a standard TV receiver
and you have satellite TV.

That’s the basic system; then,
and now. There are many, many
variations to that system and we’ll
touch on the primary variations as
we work our way through the ele-
ments.

Basically, this is what we will
find. The 1979/80 TVRO was big,
bulky, and expensive. The pictures
were not bad by 1984 standards
(some will say they may have been
better than today) but the equip-
ment was designed by the tech-
nically oriented for the technically
oriented. In other words, ft was
not consumer-friendly. You had to
be very much “into the tech-
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nology” to appreciate the six to
eight steps you had to follow just
to change channels (transponders
in satellite talk), or horror-of-hor-
rors, switch from one satellite to
another. Little old ladies in Dubu-
que were not able to operate the
unsophisticated systems of five
years ago.

Big has gotten small (we’ll see
some 4.5- and 5-foot antennas that
work exceedingly well in the
months ahead); bulky has gotten
tiny (full receivers fit into the plam
of your hand); and expensive has
gotten less so, thanks to modern,
often off-shore, high-production
technologies. It is, certainly, an
entire new ballgame for everyone
involved.

But perhaps something else has
happened that is even more sig-
nificant, especially if you are in-
volved in the operation of an
electronics retail or service outlet.
There is a new recognition that
professionalism in sales and in-
stallation is perhaps more impor-
tant than all of the technology
advances and price declines. Cus-
tomer support—always important
with new technology—is starting
tc be seen as essential. Dealers,
through a trade association and
through regional groups, have fi-
nally figured out that cut-throat
price cutting and selling $100 over
cost is a sure path to failure. Those
who have survived that recent {and

TVRO dealer *'Starter Kit"
available

Bob Coopers CSD Magazine has ar
ranged with a number of TVRO equip-
menl Suppliers to provide a single-
package of matenal thai will help intro-
duce you to the world of TVRO dealership.
A short booklet written by Bob Cooper
describes the start-up pittalls 1o be avgid-
ed by any would-bs TVRO dealer; in addi-
tion, product data and pricing sheeis trom
prominent suppliers In the fieid are in-
cluded. That package of material is free of
charge andis supplied to hrms of indrvidu-
als in the elecironics service business as
an introduction to the 198485 world of
seling TVRO systems retail.

You may obtain your TVARQ Cealer
Starter Kit free of charge by writing on
company letterhead. or by énclosing a
business card with your request. Address
your inqulries to: TWVRO STARTER KiT,
P.O. Box 100858, Fort Lauderdais. FL
33310. That kit not available to indivwduals
nof involved in some form of elecironics
sales and service.

still on-going) shake-out are now
aware that being a TVRO dealer, or
selling TVRO systems, is one of
those “long-pull” businesses that
rewards best those who plan for a
multi-yeared future. 1t has finally
gotten past the lure of being a get-
rich-quick scheme and that may
be more important to established
electronic sales and service cen-
ters than all of the technology ad-
vances combined.

And much of that is due, of
course, to volume. Going into the

start of the summer, there were be-
tween 475,000 and 500,000 TVRO's
operating in North America {in-
cluding Canada). The presem fall
selling season was expected to see
numbers such as 50,000 per month
during the traditionally “up” Sep-
tember/November period. Some
of us recall when selling 50,000
VCR's in America was big news for
asingle month.

Next time, we'll continue our
comparison of the past and pres-
ent states of satellite TV. R-E

SATELLITE TV/

The First

Five Years!

THE MOST COMPLETE report on the mushroaming
home ‘TVRC Industry ever compiled, written as only the
‘father of TVRQ' could have prepared. More than 1000
pages () tracing the complete story of home TVROC,
lavishly itustrated with equtpment photos, schematic
diagrams, equipment analysis reports. Bob Cooper,
the first private individual to own and operate a TVRO
{1976) has callected and polished hundreds of indi-
vidual reports into a unique ‘callecior's edition’ which
clearly explains the TVRQ phenominon in North Amer-
ica. From Coap's first 20 foot ‘monster’ dish (o the
present day 5 lool ‘C-band” TVROs, the fascinaling
growth of TVRO equipment and its legal status unfolds
tar you.

THIS TWO VOLUME SET iotaling more than 1,000 pagesis available for the firsi time
to readers ol Radlo-Electronics at special discount pricing. Originally soid at $100
par two-volume set, & limited supply IS now avalable ONLY through this advertise-
ment. PLUS, you will afsa receive a special extraordinary bonus; the 200 page {+)
October 1984 edilion of CSD'Coop’s Satellite Digest. This very special edition of
CSDis a best-seller in the TVRO industry. with the mosi comprehensive caliection of
TVRO facls and figures ever compiled. Combined with the 1,000 page 'CSD
ANTHOLOGY' reporl. you have instant reference to everything you will éver need to
know aboul the state of the hame TVRO indusiry. Itis MUST reading for evary person
in, or thinking aboul ‘gsatting intg,” any segment of the home TVRO world.

NAME

____SEND CSD ANTHOLOGY/2 Vols.+CSD Bonus.
____SEND CSD October '84 Special Issue ONLY,

COMPANY _

CITY __

ADDRESS _

STATE —— ZIP

| Paymeni: $60 US funds (Anthology + Bonus), $15 US funds
CSD Oct. ONLY; payable "CSD ANTHOLOGY."

Shipping charges pre-

l paid. Enter order t0: CSD Anthology, Radio-Electronics
Magazine, 200 Park Av. S., New York, NY 10003; or call
305-771-0505 for Credit card orders ONLY.
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NEW IDEAS

Continuity tester

MAKING CONTINUITY CHECKS CAN BE A
tedious undertaking, especially if
you happen to be working with
wire-wrap circuits. Of course, you
could use an ohmeter to do the
job, but continuously turning your
head back and forth to read the
meter can be a real pain in the
neck! Thereis, however, a way that
you can check continuity {and
make sure that the resistance is
less than about one ohm) without
“twisting your head off.” All you
need do is rig up some sort of audi-
ble continuity tester, like the one
shown in Fig. 1.

How it works

Power for the circuit is provided
by a single 9-volt, transistor-radio
type battery. At the heart of the
circuit are two LF411 op-amp IC's:
One op-amp, IC1, is used along
with resistors Rl and R2 to form a
ground reference for the circuit;
in effect, producing a 4.5-volt split
supply. The other op-amp (IC2) is
configured as a comparator whose

output used is t0 source current
for the buzzer.

Resistors R4 and R5 form a volt-
age-divider that provides a refer-
ence voltage that is applied to pin 2
of 1C2. The circuit to be tested is
connected between pointsA and s
via jumpers. The resistance of-
fered by that circuit along with re-
sistor R3 forms a second voltage
divider. That leg of the circuit
provides the voltage that's pre-
sented to the non-inverting input
{pin 3) of 1C2.

When a non-continious (open)
circuit is connected across points
A and 8, the voltage appearing at
pin 3 of IC2will be high; therefore,
its output will be high and no cur-
rent flows through buzzer BZ1.
However, when a continious cir-
cuitis connected to points aand e,
the input to pin 3 will be low,
thereby causing the output of 1C2
to go low. That completes the cur-
rent path for BZ1, and causes the
buzzer to sound indicating a com-
plete circuit.
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Diodes D1 and D2 along with re-
sistor R7 provide protection for the
unit in the event that it is acciden-
tally connected to a live circuit.

To calibrate the unit, connect a
47-ohm resistor at R5 and a 1-ohm
unit at across points A and 8. Now
adjust potentiometer RS until the
buzzer just comes on. Resistor R9,
which adjusts the circuit’s sen-
sitivity, should be a multi-turn,
trimmer potentiometer, The max-
imum current through the circuit
being tested will be about 4.5 milli-
amps.—Ron McCabe

-
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BUILD YOUR OWN ROBOT!

Send today for your 52-page (8Y2 x
117) booklet containing complete re-
prints of all eleven articles in the
Bulld Your Own Robot series by Jim
Gupton.

This all-incfusive reprint gives you all
the data you need to build your own
Robot.

H TELLS EVERYTHING YOU NEED
TO KNOW to build the tnicorn-1
Robot without the need for an engi-
neering degree or special equiprnent.

LL LRSS THAN TID
SiRATAL LOGIE Preet

$0 AN 1S

The robot is fully maobile with minipu-
lator arms to grasp. lift and carry.

B MANIPULATOR ARMS and end-
effectors (hands) are what enable the
robot to perform useful tasks. Detalls
of construction techniques and con-
siderations are fully explored.

H MOBILITY BASE is not a lunar
space station. It is Ihe drive system
that permits the robot to move from
here to there. Full construction de-
tails along with a discussion of power
sources IS included.

H THE BODY—FRAME AND ROTA-
TION MECHANISM. This is the part
that makes Unicorn-1 look like a ro-
bot. Wood and Formica are the ma-
terials for the body. Motors and gears
are what make it function.

B COMMUMICATIONS. How you can
tell your robot what to do. Prepro-
gramming techniques....radio controd
....computér control are all detailed.

B SENSORS. How to add sensors so
your robot doesn’t bump into things.

Radlo-
Eieclronios.
| want to order .

U.S. Funds only.
| want to order

U.S. Funds only.

Allow 6-8 weeks for defivery.

Robot Reprints
200 Park Ave. South
New York, N.Y. 10003

reprints @%12.00 plys $3.00
Air Postage and handling for gll other countries.

Flease print

. reprints @%12.00 plus $1.00
pOstage and handling tor U.8.. Canada and Mexico.
Add 96¢ sales tax tor New York State residents only.
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5 New High-Density Disk Drive
Rana’s new 2.5 megabyte disk drive is explored and detailed for
your information. Marc Stem

8 Why your printer doesn’t work, Part 1]
In the final segment of this two-part series, we examine serial
printers and how to get them up-and-running. Hert Friedman

11 Computer-Aided Audio Network Design
How to put your computer to work designing four different audio
networks. Frank Galdes

The evoluation of the floppy disk is fascinating. We've gone from
single-sided, single density to two-sided, double density, and now
RANA introduces what appears to be the ultimate... A disk that can
cram 2.5 megabytes of information into the same amount of space.
To find out-how they do it; see page 5.

Comaursabmss.

SUPER-HICH DENSITY
FLOPPY DISK DRIVES.

How 2. % mecabyms cars siomid
on & 7Va-inch Hoppy divk.

INCOMPATIBILITY.

-
COM PUIER-AIDED DESICN....
-—lduivlq

wTmma—

Com pu:lnshod mlhwamlmhﬂwoﬁmw nsback Pubhcanons.
Park Avenug South. New NY 10003, Second-C men.\'wmd
rlwhnqofhoe-s All nghts reserved Printed In U.S A

A stamped sell-addissed snvelons musi sccompany all sUbmitied MAanuscnpts and’or Brtwork of photographs
thasr metun i desined should they De mecied Wa disciwm sny esponsibdity kor the Y038 of damage of
manuscnpls shd:of artwork or photographs whils in 00 possession OF Charwise.

WwWww americanradiohistorv comm

CompUTER
DIGEST

Hugo Gemsback (1884-1967)
founder
M. Harvey Gemsback, editor-in-
chief
Larry Steckler, CET, publisher
Art Kleiman, editorial director
on G. Wels, editor
Brian €. Fenton, technical editor
Carl Laron, associate editor
Robert A. Young, assistant editor
Ruby M. Yee, production manager
Robert A. W. Lowndes, production
associate
Dianne Osias, production
assistant
Karen Tucker, production assistant
Jacquellne Weaver, circulation
director
Arline R. Fishman,
advertising coordinator

Gemsback Publications, Inc.
200 Park Ave. South
New York, NY 10003
Chaiman of the Board:

M. Harvey Gemsback
President: Larry Steckler

ADVERTISING SALES 212-777-6400
Larry Steckler
Publisher

EAST/SOUTHEAST
Stanley Levitan
Radio-Electronics
200 Park Ave. South
New York, NY 10003
NL-777-6400

MIDWEST Texas/Arkansas/Okla.
Ralph Bergen

Radio-Electronics

S40 Frontage Road—Suite 395
Northfield, Illinois 60093
319-446-1444

PACIFIC COAST

Mountain States

Marvin Green
Radio-Electronics

15335 Mornson St., Suite 297,
Sherman Qaks, CA 91403
818-986-2001

NOVEMBER 1984 — CompuierDigest 3


www.americanradiohistory.com

COMPUTER PRODUCTS

For more details use the free

information card inside the back cover

PLUG-IN INTERFACE ADAPTERS, the
Apricom Paralle! interface AdapDter
{shown in photo) and the Apricom
Asynchronous Communications
Adapter are compatible with the [BMm
PO/XT and work wath all Cperating

CIRCLE 111 ON FREE INFORMATION CARD

systems and sofrware packages avail-
able for the IBM-PC and IBM-XT. Each
card 15 fully bumed-in and tested, and
15 backed by & lifetime warranty

The Paraile! interface Adatler cre-
ates a parallel VO interface accessibie
through 8 connector & the rear pane|
of the computer system, providing
control of numerows pnnters with par-
atlel {or Centronics) type interfaces.

The Asynchronous Communications
Adapter prondes 3 fully programma-
ble RS-232 senal interface for
communication with a variety of de-
vices, including printers, modems,
terminats, other computers, and plot-
ters.

Both boards carry a suggested list
price of $119.00.—Apricom, 7050
Convoy Court, San Diego, CA 92111,

MULTI-CHANNEL SWITCH/SPOOLER
model SX-60 serves up to four com-
puters and feeds two printers
simultaneousty Any of the four input
computers can chirect its outputs 1o
either of the printers. All switching is
under sof tware control.

Spooter buffer sizes of 8, 32, or 64K

4 ComputerDiges! — NOVEMBER 1384

store from 2.5 to 20 pages of dense,
singie-spaced text. For busy installa-
tions, an expansion Doand can increase
the spoolers buffer capacity to 384K,
120 pages. Standard configuration is
four computers in, two printers out, of
two printers m, four printers out. Using
Jumpers, the mode! SX-60 may be
configured for 5in, 1 out; 3 in, 3 out;
orlin, 5 out

The model SX-60 will acCept senal
data on each channel from 150 to
19,200 baud with each computer at a
different baud rate. Printers also may
be set from 150 to 19,200 baud with
each printer at a different baud rate—
for example: a letter-quality printer at
2400 baud and a dot-matrix panter at
1200 baud. A variety of senal.senai

CIRCLE 112 ON FREE INFORMATION CARD

and parallei-senal combinations are
available. All conections are made
through 25-pin D connectors at the
rear A copy function is provided for
multiple copies of documents.

Prices for the model SX-60 start at
$469.00.—Kearsarge Industries,
In<., Reston, VA 29091, 4 Dp
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NEW

HIGH
DENSITY
DISC DRIVE

Here's more storage power
for your computer.

MARC STERN

WA! |ast, a floppy-disk-crive manufacturer has broken
the 2-megabyte barier. Rana Systems has developed a
floppry-disk-cirive that interfaces with the 1BM Persona!
Computer and IBM-PC XT. Called the Rana £.5 Super
Floppy Disk System, this super tigh-density storage
device is capable of storing 2.5-megabytes of
formatted data (3.3 megabytes unformatted) on a
single 5-1/4-inch floppy diskette,

The Super Flopoy, which, according to Rana has
been in development for % years, takes advantage of
microprocessor control and LS| (Large-Scale-
integration) techmiques. The head-movement
commands are under the control of a ¢losed-loop
servo system

The Rana drive

Rana developed their Super Floppy system in
conjunction with Drivetec. The read-write heads—there
are two—are made of manganese zine ferrite and are
mounted on 3 carriage which 1s located on precision
guide rods that insure accurate radial motion. Head
positioning is accomplished on a closed-loop basis,
using servo data recorded between each sector of the
{pre-formatted) diskette.

A special disk-controller card, which fits into one of
the IBM-PC's expansion slots, is required. It
communicates with the microprocessor via the [BM
system bus and replaces the standard [BM disk-

Fig- 1—THE RANA 2.5 SUFER FLOPPY-DTSK SYSTEMis capa-
ble of storing 2.5 megabyles on a 5% inch floppy diskette. It,
ushers in a new era In high-density storage devices.

controller cards. This card will support up to four
drives. For instance, a PC user can have two standard,
360K floppy-disk drives installed and ¢ Rana Super
Floppy drnves,

The drive itself uses two stepper motors, which work
in concert with the drive's controller circuitry, to
correctly position the read-write heads. The first motor
is a coarse stepper and finds the particular track—there
are 160 per side—while the second motor is a fine
stepper which brings the read-write head to the
correct sector. [t must malntain an accuracy of 200-
micreinches.

The direct DC drive motor is on continuousty The
acquisition time for data loading is 35 milliseconds;
track-to-track access time is 0.3 ms. The direct-DC drive
motors “come up” much more quickly than AC units.

A brief walkthrough

A standalone unit, the Super Floppy, is a good
example of the super fugh-density units now appearing

SPINQLE
.~ HOLE
ot
—/
o INDEX
A " HOLE
POSITION
NOTCH =
(. - -
\
Y
READ/MWRITE
WHRITE-PROTECT HEAD
WOTCH OPENING

Fig. 2—AN ORDINARY DISKETTE shows the notching that we
are all familiar with. Compare this with Flg. 3.
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WRITE-
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- HEAD
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Fig. 3—THE RANA DISKETTE has entirely ditferent notching.
Thig means that you cannot subsiltute an ordinary diskette in
the Rana drive.

on the market. When the power is turned on, the drive
remains inactive until @ diskette is inserted and a
special 13tch at the front is closed, at which time, the
drive’s center spindle comes up and centers the
diskette. A cone drops as the rmotor comes on and
auns continuously at 360 rpm (the standard 8-inch
floppy-disk rate). Optoelectronic circuitry reads a
special notch in the diskette to ensure that it has been
positioned property (See Figure 3) and the dve further
checks other position-sensing circuitry at the spindle to
ensure that the diskette remains centered. A user can't
remove the diskette because the latch locks the
chskette into place. The latch must be opened before
the diskette can be removed.

As the diskette spins, the read-write heads, which
are controlled by intelligent LSI circuitry, fook for Track O
and look for bad sectors on the diskette. If the diskette
Is bad, it indicates that to the system board, which, in
tum, gives the user an error message.

Diskette is the key

Besides the special LS| positioning circuitry and
dual-stepper motors, the real key to the super high-
density disk drive is the diskette itself. Although it is a
S5¥%-inch miniflopoy and looks much like any other
5-14-inch foppy there are some differences which
make the diskette used in a superHigh-density drive
unigue.

If you look at Figures € and 3, you'li see what we
mean. In figure €, a garden-variety floppy diskette is
shown. As you tock at it, you'll notice the read-write
notch is at the top right; the positioning hole is to the
right of the center spindie hole, and the read-wrte
window is at the bottom. fwo more positioning
notches are also at the bottom.

Now look at Figure 3, the Rana disk. The read-warite
(also known as the write-protect) noteh is located at
the bottom to the left of the read-write window. And,
a special positioning notch—the ™V~ on the left—has
also been included to ensure that the diskette is in the
cofrect position before the heads begin to look over
the diskette. Optoelectronic Circuitry reads this notch.
That means you can't use a standard floppy in the Rana
drive. Instead, you must use one supplied by Rana,

6 CompulerDigest — NOVEMBER 1364

which costs about $15, at the moment. (Rana officiats
expect the price to drop to about $8, when more
super high-density drives appear on the market.

In reality, these super high-density disks are quad-
density stofage diskettes. Using modified frequency
modulation (MFM), & mary as 160 tracks of information
can be 1aid down per side. (Single-density disks use
one recording head and 36 to 40 tracks. Double-
density disks use one recording head, modified
frequency modulation, and effectivety double the
amount of information capability, and Guad-density
disks use both sides and double the number of tracks
per side. Double-sided, double-density disks use both
sides, but have only 40 tracks per side, while quad-
density disks have 80 tracks, effectively doubling the
amount of information capability. The key to the ability
to double the information capacity with recording
technigue relies on the type of modulation used. With
standard FM technigues, a certain amount of timing
and address data is stored along with the digital data.
Each byte of data on the disk not only has digital
information, but also timing and address Information.
With MFM, only digital and address information is
stored, effectively freeing a great deal of space for
further information storage. Timing is supplied by read-
write head intelligence.)

Serve Information

Equatly as important as the disk media and recording
technigue is a method of storing positioning
information on each super high-density disk. Rana calls
this information the "servo” information and stores it in
between each sector along a track. (Rana uses 17
sectors per track.)

In operation, the disk read-write head interacts with
this servo information for precise head positioning. It
reads the positioning data in each sector and finds the
ones which hold the file of data or program the user
asks for,

The servo information is preformatted on each
diskette supplied by Rana and this is the reason you
must buy the diskettes from them or ther dealers. The
servo information, which acts as header data for the
read-write head, lies before the sector 1D header on
each track (See Fig. 4.)

In operation, the read data is decoded and the servo
data is presented to two electronic devices. The first
does a digital identification of the servo pattems, while
the second compares the amplitude of the left and
right servo signals and repositions the stepper motor
toward the center line of the recorded data

The read-write head constantty fooks for sernvo data
on the disk and constantly updates itself and
repositions itself. Special cirCuitry also compensates for
thermal and humidity-related expansion or contraction
of the diskette and for other mechanical tolerances of
the drive.

A little history

f you've been a personal computer user for more
than a couple of years, you probably remember the
first disk drive you purchased. Think about it for a
couple of minutes. When you purchased that first disk
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drive for your first personal computer, it was probably a
“state-of-the-art” storage device, capable of holding
about 90K of data. It made no difference whether your
systern was an Appie, a CP/m machine, or one of the
Racio Shack compxiters: The amount of storage was
probably about the same, give or take a few thousand
bytes.

It all seems an age-and-a-half ago, but it realty
wasn't. Single-sided, single-density disk drives were
the standards of the industry as recently as three to four
vears ago. Thet type of disk drive—still used by many
computer owners—had a storage capacity that was
limited not only by its format, typicalty 36 to 40 tracks,
but aiso by the method used to store data on the disk,

With & single-density disk drive, each range of
frequencies that’s recorded represents not only the
data, but also @ertain timing and address information
which enables the computer to find specific files or
data on the disk. That manner of encoding Gata on the
disk effectvely limited the amount of data which could
be stored to about 90,000 bytes of usable space.

However new ways to cram maore data onto storage
disks were found. An example is modified freguency
modiuiation or MFM. Using that technique, which strips
away the necessity of using a constant clock pulse for
timing information, the amount of data that could be
stored on a diskette was effectively doubled.

Still designers weren't content and they saw & vast
wasteland on the unused side of the disk. 5o they
included a second read-write head opposite the
already-existing read-write head and effectively
doubled the disk capacity again.

However, the number of tracks remained the same.
£ach side of the disk had only 40 tracks, or 80 tracks
total. The reason this number remained the same is
because the technology didn't exist to Increase the
number of tracks and add even more storage. Like the
car industry’s downsizing program where the first
gains—cutting weight—were easy because all they had
to do was substitute matenals, the earty gains in mass
storage were fairly easy because all that had to be
modified was read-write technology. When it came to
further gains,more-elaborate Circuitry, some of which
hadn't been developed in 1981, had to be created.

Until this time, there was 8 fair amount of leeway in
read-write head positioning because the requirements
weren't as critical as might be. Potentially, 8 S¥-inch
floppy disk could store far more than just 360K but any
increase in the amount of storage couldn't be reached

SECTOR L Gap2 | nava | Gara -——

B TRACK DO
TRACK 11

— — TRACK 02
[

Flg. 4—SERVO INFORMATION acts as header data for the
read-write head. It lies bafore the sector ID header on each
track.

e e = =

because the head positioning required was far too
critical.

But, disk drive designers weren't about to let that
stand in their way. They continued their work until they
were able to lay down doubie or more the number of
storage tracks on the disk Thus, the 40-track disk
became the 80 t0 96-track disk and, as a result, the
amount of information that could be stored increased
by a factor of two and disks could store 8 much as
720K of data. These quad density disks were state-of-
the-art until disk drive developers moved toward the 1
megatwyte barrier

Disk drves from such companies as Amiyn, Tandon
and Rana use precise positioning servos and super-
precise positioning circuitry to achieve information
densities as high as 2.5 megabytes of storage, and have
reached a new plateau in floppy disk storage
technology

what it means

The aclvent of the super high-density disk has several
acivantages for the microcomputer user First it is a
good way point in the seemingly inevitable'trek to a
hard disk and, second, when you reach the hard disk, it
15 3 good backup device.

At one point or another in the life of every
microcomputer user, there comes a day when ordinary
floppy disk drives just aren't enough, for whatever
reasons, whether business, professionat or personal.
Quite likely, this point is reached where several
programs are used frequentty and different data files
are accessed in sUCCESSION.

Using floppy disk drves, at this time, can become
torture because you must constantly switch disks to
change programs OF data disks.

Al this time, the small-computer user probably
wishes he had a hard disk drive to accommodate at
least his highly-used programs and files, especially
because of the high-density storage potential and
because of the speed of program or data sccess. Harg-
disk drives spin at 3,600 rpm and information on them
literally feaps onto the screen.

However, the user also probably can't justify a hard
disk on the grounds of expense, so he must remain
with 8 dual-drve System.

Super high-density disks solve this quandary
because they offer prodigious amounts of storage and
are less expensive than hard disk drives. 50, this type
of drive is a good way point in the move to the hard
drive.

Unless the computer user is walling to invest in a
costly streaming tape cartridge drive, then he must
back up his hard disk with floppy diskettes. On the IBM
AC, that will take about 28 Standlard diskettes and
require the better part of an afterncon. With a super
high-density gisk, however, it takes onty four diskettes
to back up the hard disk and it's a much speedier
proposition. The super high-density disk has & transfer
rate of 500 kilobits per second.

S0, from many viewpoints the super high-censity
disk makes sense. It's only a recent development, but
it’s likety the rest of the industry will soon follow
suit. KD
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PRINTER PROBLEMS i

Last month we examined paralie! printers. Now serial printers come under the spotlight.

HERB FRIEDMAN

BMore often than necessary, the best of intentions lead
to even greater problems, frustrations, or outright
disasters. The RS-939C serial pnnter interface is 8 Classic
example of how to make something that is inberently
simpie into something so complex that it is often
beyond the ability of non-technical users.

How teletypewriters work

The original teletypewriters were mechanical marvels,
that used the interruptions in a closed circuit—a
current ioop—1o exchange information between
several machines or printers. As shown in Figure 1, the
teletypewriter consisted of two completely
independent devices—a keyboard and a printer—
though both units were generally housed in the same
cabinet. The compiete teletypewriter, consisting of a
keyboard and printer was called a KSR—for Keyboard
Send Recewe If the printer was housed in its own
cabinet, it was called an RO—for Receive Only

The loop current—called the mark (standby)
current—was provided by a power supply or batteries.
Depressing any key on the keyboard caused the
motorized keyboard machinery 1o produce an
interruption to the current loop—called a space which
all machines in the loop recognized as the “start” signal
for the next character The time pPeriod used for the
space Interuption to the current was called a “bit.” (it
had nothing 1o do with the binary code.} Following the
space, the machinery produced a series of fve bits

| l

| FRINTER 1S | PRINTER | pry . kSR (KEYBOARD SEND
KEYBOARD KEYBOARD ANU RECEIVE!
L
(]
i
£ PRINTER
= == Y
l KEYBOARD

FIG1—THE SERIAL 'O is derived from the original tele-
typewriter system. (n which a!l 8lements were connected in
series and responded 1o serial loop current interruptions that
represented characters and contro! functions.
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consisting of marks and spaces which represented
characters. Each character was represented oy its own
specific patterm of marks and spaces, which the
printers recognized as the character to be printed.

The bit timing is extremely critical. If the space and
character bits weren't transmitted within a specific time
period, the printing mechanisms got out of
synchronization and produced random characters—

garbage “ To insure that all machines started and
ended together, after the five character bils were
transmitted, the keybecard retumed the current loop to
the marking state {current flow), which the panters
recognized as the “end of character” and "standby” for
the next character. Because of "siop” (tolerances) in the
mechanical system, the minimum length of time for
marking current before the next character was started
was standardized at the equivalent of 15 or 2.0 times
the bit length. This was enough time for the machine to
get readly to receive the next character. The time
required for all the bits necessary to transmit one
character—the start, character and stogp bits—is called
the frame.

Reliability

In order to transmit both upper and Iower case
characters and to provide for a quick-and-dirty way to
test the refiability of the transmission, the number of
character bits were eventually increased to eight: seven
bits to produce the ASCl character set and control
codes, and one bit—called the parity bit —for testing
the reliability of the communications path. {Later,
instead of the erghth bit being used to indicate parity, it
became part of the character code for transmitting or
printing graphic symbols.)

The mainframe computer and teletypewriter
terminals that connected to a computer via modems
were essentialty 8 communications system. The same is
true for the printers driven by modems which couid
print information originating at a mainframe computer
or a KSR TTY terminal. {For example, many doctors had
RO units (printers) that connected through a modem
and a dedicated telephone line to a medical
laberatory Test results from a patient’s biood
samples—which had been sent to the [aboratory—
were instantly ransmitted to the printer in the doctor’s
office.)

Notice that in every instance, except when the
terminal is connected directly to the computer, there is
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a modem before or after the TTY device-—the whole
system is meant for communications.

The RS-232¢€ VO Is born.

While effective, the current loop veas unweildy and
lacked harcware handshaking, and so an “industry
group” came up with the RS-232C IO, an electronic
replacement for the Current [0op. RS-232C substituted
variations in 8 DC voitage level for the current loop and
aiso provided special DC voltages for hardware
handshaking, a means whereby one item of
equiupment knows if another is tumed on or ready to
accept data, or capable of transmitting.

But the RS-232C standlardization was meant for the
mainframe-—or dinosawr—age of computing, and so
RS-232 was designed for communications. Its
connections—shown In Table 1—are entirely
communications-oriented.

TABLE 1

TERMINAL NAME FUNCTION

1 HGNDY Hardware Ground (often not used)

2 ™ Transmit. Data fed into modem or
DCE device from computer O
terminat.

3 RX Recerve. Data recewved by modem
trom the telephone ne (10 printér or
termnal).

4 RTS Request to Send (from DOTE)

5 CTS Clear to Send (DCE device ready)

[ DSR Data Set Ready (DCE device rrady)

7 GND Common signal ground

g cD Camer delect {(Modem recetved
camar)

20 DTR Data terminal or DTE ready

22 RD Ring detector, (For aute-modems)

Even for communications, there is a serious problem.
When using a current 10CP, anything connected into the
loop will work as tong as the framing is correct. Every
printer in the 1oon will simultaneously print whatever is
entered in a keyboard, and any keyboard ¢an enter a
character into the loop. But an electronic Circuit using
variations in DC voltage level must have seperate send
and receive Circuits. For example, if RS-232C terminal
#9 is input, it's input for every pece of equipment,
while terminal #3 is output for every piece of
equiprment. if terminal #2 of the keyboard is
connected to terminal #¢ of the printer, absolutely
nothing will happen. In order to print, terminal #¢ of
the keyboard or modem {the output) must connpect o
terminal #3 (the input) of the printer.

Standards again.

This was understandable by everybody, but there are
always people who believe “standards” should be
standard even if they don't worke Since it was
impossible to have a single set of connections serve as
a “standard,” the group created two sets of RS-232C
connections: One called DCE for Data
Ccommunications Equipment, the other DTE for Data
Terminal Equipment. And the DTE connections mated
with the DCE. Anything remotely resembling terminal

equipment was considered DTE; arything that
onginated or passed data into or from a telephone line
was considered DCE. A modem, being DCE, could be
connécted directly to a printer, which was DTE.
Unfortunately, none of the connections allowed for the
personal computer, and it is this 1ack of foresight that
creates some of the waorst interfacing problems with
personal computers,

Consider this situation: Your computer has one serial
11O which is used for both the printer and the modem.
Sinte the modem is DCE, the computerss serial must be
DTE Then what is the printer? DTE or DCE? By
convention, a printer 1s DTE because it is meant to be
fed by the modem. But we feed printers from personal
computers. If the computers output 1s DTE in order to
drive the modem, it ¢an't drve the printer, which is
also DTE.

The hardware handshaking of the DTE computer is
also intended for the modem; it expects to see a
positive handshake voitage on termindls #4, #5, #6 or
#8, or a combination of terminals, when the modem is
reacty to accept data. This is the exact opposite of
what the printer needs because the printer was
onginaily Intended to work with the modem in place of
the computer. The printer does not need a hardware
handshake because it originates the handshake for the
modem, or the printer provides a software handshake
through pin #2. But if both the Computer and printer
are providing a handshake on the same terminals
neither will know what's going on.

All this—the result of poor compromises and scme
manufacturers who seemingly go out of their way to
make serial connections as difficult as possible—is the
reason why what should be a simple printer-to-
computer connection becomes a week-tong nightmare.

Get the handshake right.

On the other hand, there are a few manufacturers,
such as Smith-Corona (printers) and Kaypro and Radic
Shack {computers) who go out of their way to make
serial interfacing as uncomplicated as possible. For
example, Smith-Corona’s serial connections use the
#20/#4 hardware handshake, meaning, that if you
connect the printers #20 or #4 terminal to the #20 or
#4 terminal of any computer’s serial VO intended for
printers it's all going to work. The serial printer O of
Radio Shack's Cofor Computer is even easier. There is
one single terminat that wall work if connected to any
printer handshake. Then there is IBM AC and its clones,
which expect to see 8 modem ¢onnected to the serial
11O, If you use a printer, you must prewire the
CONNeClions SO the Computer thinks its connected to a
modem. (Regardless what kind of connections are
made between the computer and the printer, keep in
mind that handshake polarity must be observed. Some
printers provide for either a positive of negative
handshake. Know what your computer needs and what
the printer delivers before you buy)

Table { shows some of the unusual wiring probiems
YOU My fun across. All three computers, the [BM AC,
the Kaypro if and the Texas Instruments Professional
have RS-232C 11O intended for a modem, yet note how
all three connect differently to a standard printer’s
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TABLE 2
IBM PC TERMINAL NO. SERIAL PRINTER TERMINAL NO.

2 3

3 2

7 7

5 20

@, 8, 20 6

KAYPRO I SERIAL PRINTER
TERMINAL NoO. TERMINAL NOC.

2 3

3 2

5 20

6 4

7 7

20 6

Ti. PROFESSIONAL SERIAL PRINTER
TERMINAL NO. TERMINAL NO.

2 8

3 2

4-5 (shorl} NC {No Connection)
6 20

7 7l

8 4

20 6

RS-232C input (Diablo 620). Essentially, the connections
trick the computer into thinking it's connected to a
modem rather than a printer,

Getting it all together.

Any one mistake in serial interfacing, from the
number of characters, stop or total bits, to the signal or
handshake connections, ¢an stop your printer cold—or
cause it 1o print "garbage.” But if you initially set up the
printer in a specific order, giving attention to what
appears to be the most insignificant details, you should
be able to have it running at the first try Just keep this
one fact in mind at all times—regardless of the
vanations in connections, labelling or whatever if the
printer employs a DB-25 connector terminal #3 is
always the data input. Do not get confused by DCE,
DTE or any other nomenciature. if the printer was
intended to work with 3 personal computer, it's looking
for data on terminal #3, If it has a harchware handshake
its either #4, #90 or both, with the user selecting the
one to use. if it has a software handshake (ETX/ACK or
X-onXoif) the handshake comes from terminal #2.
{There might or might not be other connections. )
Inexpensive serial printers can generally work with only
a three-wire connection; signal, ground and handshake.

First things first.

Serial printers have switches of a patch panel (small
jumpers) that set the various parameters and functions.
You miust set them for the pnnter’s baud ;ate and
character bits. Baud rate is no problem: the computer’s
manual specifies the output baud rate or tells you how
to program the computer for the desired baud rate,
The numbeer of character bits is something else. If the
computer’s serial output is programmed for eight bits,
even if it is only using seven bits per Character the
printér must account for all eight bits. In some printers,
if seven character bits are programmed, the eighth bit
is always a parity bit: either on or off, but there is either
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a mark or space bit to fill the void. on the other hand,
some printers don't recognize the eighth byt if the
parity isn't specified as even or odd.: if not specificalty
programmed for the eighth tit, the printer looks only
for the seven bits between the start and stop bits. This
throws the framing off and after the first or second
character the printing 15 "garbage.” You Can never go
wrong If you account for the panty bit. If the computer
is specified as “seven bits no-parity” you must set the
pnnter for 7 bits + parity off (8 bits total). You cannot
add 7+ "no parity” and assume &t equals 8 bits. Parity
off on a 7 bit printer is a forced space or mark, the
printer doesn't care which as long as the stop bit(s)
follow at the correct time.

If you think this is confusing, some of the serial
nterfacing for a very populdr computer as given in the
set-up manual of 8 famous, highly-rated printer has
been wrong in every printing. What generally happens
is that after many futile hours of effort, the user
telephones that printer manufacturers service
department and finally gets the correct switch settings
over the phone. {No, | will not embarass them by
mentioning names. The parity bit problem has
happened to the best and worst of printer
manufacturers.)

Part of the framing includes the stop bit(s). Nomatly,
above 110 baud only one stop bit is used. However,
there are computers that use two stop bits (the Radio
Shack Color Computer is one of the more popular).
Nomaily the modern printer will function with only
one stop bit because it frames only the first stop bit
and accepts the voitage transition that takes place with
the following start bit (the space) as the beginning of
the next character On the other hand, a few printers
frame to the second stop bit, and you must set the
computer to provide two stop bits.

The hardware handshake.

Except for an unbelievable blunder by one of the
major fereign manufacturers, the serial hardware
handshake for a printer with a DB-25 connector is
always printer terminal #20 and/or #4: Usually it's only
#20. Software handshaking—the ETX/ACK or DC1/DCR
(which 1s also called X-on/X-off}—is always through
printer terminal #8.

if your computers RS-232C is specificaily wired as a
printer port (DCE) you simply bring the signal and
handshake wires straight across, #9 to #92, #7 to #7,
#920 to #90, etC. If the computer has an RS-939C /O
which is wired for DTE for connection to a modem, but
which is software programmed for a printer, you have
big trouble because the wiring at the computer’s
connector can vary from model to mede!.

Depending on the particular pnnter and computer
being used, some of the connections might not be
required or even exist. Thats when the going gets
sticky Unless you have the detailed connections for a
particular combination of printer and computer, you
might never get the printer working if the computer
does not have 8 true RS-232C pnnter I/O. Contact the
manufacturer of the printer if you have any doubts.
They usually can give you the connections over the
phone. 4P
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This program eliminates the hard work in designing
impedance-matching networks and attenuators for

audio systems.

FRANK GALDES

mEver since the €arly days of the telephone, attenuator
networks have been used to control sound levels and
to match Impedances. Technicians, hobbyists, and
experimenters who work with audio equipmertt and
circuitry often find that a particular piece of equipment
has an input (or output) impedance o line ievel that
does not meet their requirements. In many of those
instances, a commercially manufactured attenuator
network is not readily available to solve the problem.
Of course, you don't need a commercial network—you
can put one together yourself.

Only four networks—the T, H, 1, and U—will be
considered. The T network consists of three resistors
connected in the form of a *T,” as shown in Fig. 1-a. It1s
an ynbalanced attenuator When used between Circuits
of unequal impedance, it is often called a taper pad.
The H-type attenuator is a balanced T pad. k consists
of 5 resistors connected in the form of an "H,” as
shown in Fig. 1-b.

Al R2 R1 R1
AN AM— O 0—%—?—%——0
2m __,_—o#nz
o >—M—l—m—o
< ) Rl
s &

R1 R1
o—AW—s— e
%HZ ﬁﬂ!

- —_— 0 o—AW—— ————0
¢ TR

FIG. 1—THE EQUR ATTENUATOR TYPES thalthe program will
help you design. Shown inals a T attenuator, in bis an H-type.
incls anl-type, and In dis a U-lype attenuator, Note that the
tap on R2 (in b and d] Is at the exact center of resistance.

An L-type attenuator, shown in Fig. 1-¢, is perhaps
the simplest form of attenuator, consisting of two
resistive elements configured n the fom of an "L." The
L pad does not reflect the same impedance in both
directions.

A U-type attenuator, shown in Fig. 1-d, is most often
used matching a high impedance to a low impedance.

Before the era of personal computers or hand-held
calculators, much time was spent using network
formulas, dB charts, and possibly a slide nule to
calculate the resistor values for one of those networks.
Those calculations were time-consuming and tedious,
especially for those not mathematically inclined.

The computer program shown in Table 1 will do all
the lengthy calculations in seconds, after you choose
one of the 4 networks, erter the line impedance, and
the loss {in dB) desired (if applicabie). It wll then
dravv the circuit diagram showing the resistor values,
the input and output impedances, and where the
circuit may be grounded if necessary

The program is written for the TRS-80 Mode! il with
16K, but it should be adaptable to other computers as
well. Note that in the following program a bracket ([
indicates an exponent.

TABLE 1—AUDIO-NETWORK DESIGN

S CLS: PRINT

1@ PRINT “DESIGN AN AUDIC LINE IMPEDANCE
MATCHING NETWORK OR ATTENUATOR™:
PRINT: PRINT

15 PRINT " KIND", "Z IN/OUT",
"CONFIGURATION", "SELECT ONE:".PRINT

20 PRINT " T, "EQUAL/TAPER",
“UNBALANCED" 1"

25 PRINT “ H", “EQUAL/TAPER",
"BALANCED"“2"
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32 PRINT “L", "TAPER", "UNBALANCED", “3~

35 PRINT * U*, "“TAPER", "BALANCED",*4’

48 PRINT

45 INPUT“ENTER NUMBER FOR CIRCUIT
DESIRED™.S

SO ON § GOTO 100, 200, 308, 400

70 PRINT “ERROR - DO OVER™: GOTO 45

160 CLS; PRINT: PRINT: PRINT * INPUT AND

OUTPUT IMPEDANCES ARE EQUAL.

185 PRINT: PRINT * INPUT AND QUTPUT
IMPEDANCES ARE NOT EQUAL, TAPER:...2

118 PRINT: PRINT: INPUT "ENTER NUMBER FOR
CIRCUIT DESIRED" ;N

115 ON N GOTO 120, 156: PRINT "ERROR = DO
QVER": GOTO 110

120 CLS: GOSUB 510: CL.S

125 RA=INT (Zs({ (K- 1)K +1))):
RC=INT{Z+K)/{K2-1))):A=2:8=2

130 RA=RA+1:IF S = 2 THEN 205:CLS

135 TS5="T": BS="UNBALANCED":
I$ ="SYMMETRICAL": U$="MATCH
IMPEDANCE AND REDUCE POWER LEVEL.

140 GOSUE 1000; GOSUB 1620: GOSUB: 1055

145 GOSUB 2000: GOSUB 2025: GOSUB 2025:
GOTO 3000

150 CLS:GOSUE 500:GOSUB 538:G0SuUB
525:CLS

1585 KA={K — 1)K+ 1:KB = (K[2 = 1)/{(2+K):
RC = INT((A + B)/(2+KB))

160 AA = INT({{{{A + B)sKA) + (A —8))/2)

165 RBw= INT(({(A + B)+KA) - (A - B))/2)

178 AC=RC +1:IF § = 2 THEN 250

175 T$="T": BS = “UNBALANCED":IS = “TAFER";
US = MATCH IMPEDANCE AND REDUCE
POWER LEVEL"

188 GOSUB 1000:GOSUB 1025:G0SUB 1055

185 GOSUE 2000:G0SUB 2025:GOSUB 2055:
GOTO 3000

200 GOTO 100

205 RA =|NT (RA/2):RB= INT(RB/2)

218 CL.S

215 T$="H": BS = "BALANCED";
I$ = “SYMMETRICAL":US = “MATCH
IMPEDANCE AND REDUCE POWER LEVEL"

220 GOSUB 1008: GOSUB 1050

225 GOSUE 2000: GOSUE 2030: GOSUB 2055:
GOTO 3080

250 RA=INT (RA/2): RB =INT(RB/2)

255 T$="H": BS="BALANCED":
I$ ="TAPER":US$ ="MATCH UNEQUAL
IMPEDANCES"

260 GOSUB 1000:GOSUB 1835:GOSUB1A50

265 GOSUE 2000:GOSUB 2030:
GOSUB 2055:GOTO 3000

300 CLS

305 GOSUB 500:GOSUB 530: DB=DB+1:
GOSUE 525

318 RA = INT((A/SQR({AB))=(({K+SQR{A/B)) — 1/K))

315 RC = INT{{(A/SQR(A/8))*(1/(K-SQR(A/8)))

320 TS="L":B$="UNBALANCED"; 1S =“TAPER":
U$ =“MATCH UNEQUAL IMPEDANCE"

325 GOSUB 1000:GOSUB 1840:GOSUB 1055

330 GOSUB 2215:GOSUB 2325:GOSUB 20855;
GOTO 3000

400 CLS

405 GOSUE 590: GOSUB 53@: CLS:RO =B/A

410 RA = INT(As{({SQR(1 —RO))/2))

415 RC=INT{A+(RO/SQR{1 = RO)):RC=RC +1
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420 T$="U": BS="BALANCED": I$ = TAPER™:
US =“MATCH UNEQUAL IMPEDANCES”
425 GOSUB 1900:GOSUB 1045
430 GOSUB 2015:GOSUB 2045:GOSUB 2055:
GOTO 3000
500 PRINT:PRINT:INPUT “ENTER LARGER OF
TWO IMPEDANCES” ;A
505 INPUT “ENTER SMALLER OF TWO
IMPEDANCES";B:RETURN
519 PRINT:PRINT INPUT*ENTER THE
ATTENUATOR IMPEDANCE":Z
515 PRINT “ENTER THE REQUIRED LOSS IN DB*
520 INPUT'DE LOSS CAN BE 2.5 TO 30+ IN
SOME CASES™DB
525 K =EXP((DB/20)(LOG(2.71828)/LOG(18)))
‘RETURN
530 DB =CINT(ABS(20s{LOG(SQR{1/(A/8
({71 + SQRO-(1ABMILOG18))) + 1)
535 RETURN
1000 PRINT @ 83, “TYPE: "T$: PRINT @ 100,8%
1025 PRINT @ 164, "LOSS IN DB: "D8
1012 PRINT @ 147,18
1015 PRINT @ 211, “USE: "US:RETURN
1020 PRINT @ 338, RA: PRINT @ 355,RA: PRINT
@ 450.A: PRINT @ 476,RC: PRINT
@ 505,A:RETURN
1025 PRINT @ 338, RA: PRINT @ 355, RB: PRINT
@ 450, A: PRINT @ 476, RC: PRINT @ 505.8:
RETURN
1230 PRINT @ 338, RA: PRINT @ 355, RA: PRINT
@ 450, A: PRINT @ 476, RC: PRINT @ 505, A;
PRINT @ 594, RA: PRINT @ 611, RA:
RETURN
1035 PRINT @ 338, RA: PRINT @ 355, RB: PRINT
@ 450, A: PRINT @ 476, RC: PRINT @ 505, B:
PRINT @ 594, RA: PRINT @ 611, RB:
RETURN
1040 PRINT @ 338, RA: PRINT @ 450, A:PRINT @
476, RC: PRINT @ 505, 8: RETURN
1045 PRINT @ 338, RA: PRINT @ 450, A: PRINT @
476, RC: PRINT @ 505, B: PRINT @ 594, RA:
RETURN
1050 PRINT @ 770, "IF NECESSARY GROUND AT
CENTER OF "RC" OHMS RESISTOR.":
RETURN
1055 PRINT @ 772. IF NECESSARY LOWER LINE
MAY BE GROUNDED": RETURN
2000 Y = 16: FOR X =4 TO 36: SET (X,Y): NEXT X
2005 Y = 16: FOR X =49 TO 70: SET (X.Y): NEXT X
2010 Y = 16: FOR X =85 TO 120: SET (X.Y): NEXT
X: RETURN
2015 Y = 16: FOR X =4 TO 36: SET {X,Y): NEXT X
2020 Y = 16: FOR X=49 TO 120: SET (X.Y): NEXT
X, RETURN
2025 Y = 28: FOR X =4 TO 120: SET (X,Y): NEXT
X: RETURN
2030 Y = 28: FOR X =4 TO 36: SET (X.Y): NEXT X
2035 Y = 28: FOR X =49 TO 7@: SET (X.Y): NEXT X
2049 Y = 28: FOR X =85 TO 120: SET (X,Y): NEXT
“X: RETURN
2045 Y = 28: FOR X =4 TO 36: SET (X.Y): NEXT X
2050 Y = 28: FOR X =49 TO 120: SET (X.Y): NEXT
X: RETURN
2055 Y = 6@: FOR Y =16 TO 19: SET (X,Y): NEXT ¥
2060 Y = 60: FOR Y =24 TO 28: SET (X.Y): NEXT
Y: RETURN
3000 PRINT: PRINT: INPUT "PRESS <ENTER> TO
START NEW CALCULATION.*:GOTO 5
3010 END 4Dp
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TELE-TOLL TIMER
continued from page 64

edges sothut the filter stays in place ) Now
feed the telephone and supply cords
through the hole in the panel and strip
away some insulation. The 1€lephone cord
will have four color-coded leads; clip off
the yellow and black leads (they are not
needed), and solder the red and green
leads to the points indicated in the parts-
ptacement diagram of Fig. 8.

Using a piece of hook-up wire, solder
one end to the fuse holder and the other to
the main board as shown in the parts-
placementdiagram. Solder onc side of the
line cord to the free end of the fuse holder
and the other to the board. Then mount the
holder.

[nstall the boards in the cabinet. Figure
9 shows the installed unit as viewed from
the top: Note that the regulator (1C8) is
secured to the rear panel. That grounds
the cabinet and also allows the cabinet 10
be used as a heat sink. Press-on letters can
be used to label the project o improve it's
appearance. Now, it's finally time to test
the unit.

Testing and use

Verifying the operation of the unit is
easy. Simply plug Tl into any nearby AC

outlet. The display should light showing
“000,” and then start counting. If it
doesn’t, first check the power supply and
the wiring of IC1. Once you get the cor
rect readout, insert the modular plug into
your telephone jack. The elapsed time
shown on the display should then freeze
and, after about 20 seconds, go out. If it
doesn’t, again check the IC| wiring, If
everything is OK, your telephone timer is
ready for use.

Now, anytime the phone is picked up,
the display will light and the unit will
begin counting. By periodically checking
the display (during your conversation), it's
easy (o hold down the time you spend on
the phone—just think about how much
each minute costs as you are reminded by

bright LED’s about just how much time
you're spending 1alking (or listening)!

We should note that, in addition to tim-
ing phone calls, the unit is great for other
timing tasks around the house as well. To
use the unit as a simple timer, just discon-
nect the telephone plug and it starts count-
ing. To reset the timer, unplug T1 and plug
it in again when you are ready to stant
timing, Of course, it's also casy enough to
add a manual reset switch for that pur-
pose.

As a side note, try timing the next sales
call you get. You'll be amazed athow long
some of them last—five minutes or more.
Surely there are better things to do with
your time than listen to sales pitches over
the phone! R-E
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V=

E.W.ENGINEERING, INC.

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

SMALL DC MOTORS, LIKE THOSE USU-
ally found in toys, can be really
handy things to keeparound. They
can be used in a variety of applica-
tions where the circuit you're de-
signing has to move something
other than just electrons. Those
motors are great for control ap-
plications or just about anything
else you can think of that doesn’t
require a great deal of precision.

However, those small DC
motors have their own set of prob-
lems. Forone, the motor’s speed is
notoriously dependent on the ap-
plied voltage. But that drawback
can be turned into a benefit with
the simple addition of a rheostat or
potentiometer to make the motor
speed variable. However, anyone
who's ever tried making a motor-
speed control using that principle,
soon discovers that it's terribly un-
reliable, and it's an inefficient way
to go about things.

No matter how small the motor,
you still have to deal with the fact
that they all have a certain amoynt
of inertia, however small. That
means that regulating really slow
speeds with just a potentiometer
is aimost impossible. It usually re-
qguires that you get the motor
going first and then back the po-
tentiometer off until you achieve
the desired speed.

Not only that, but if the motor
draws a substantial amount of cur-
rent, you're going to find that stan-
dard potentiometers won’t be able
to handle the power require-
ments: They'll start smoking and
that will be the end of that. More
expensive potentiometers can be
used, but you'll still have the same
low-speed problems. Obviously,

there has to be a better way—and
there is?

Controlling DC motors

Another way of controlling the
speed of a DC motor is shown in
Fig. 1. Here instead of controlling
the motor by varying the voltage,
we simply apply a constant voltage
and vary the duty cycle. All that
means is that we'll control the
amount of time the motor is on
and allow the applied voltage to
remain constant. By doing things
that way, the Inertia of the motor
can be made to work on our behalf
because it will keep the motor
turning until the next pulse is ap-
plied to "kick” it along. Therefore,
how fast the motor turns depends
on the controlling oscillator.

S o
/6 4040 Y

woT

1/6 4048
al
Tlicre Do 2nanss
Voo
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DZuF

¢ = 1/14RC
FIG. 1
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Now, there are many ways to
build an oscillator that can be used
to control a motor. We've already
seen that oscillator design is a
wide open field and just about any
combination of circuit building
blocks can be used. Transistors,
logic gates, 555 timers, and so on
can be used to form the basis of a
perfectly workable circuit. Each
has it's own advantages and disad-
vantages.

Figure 1 shows an oscillator cir-
cuit that may be used in motor-
speed control applications: It is by
no means the absolute last word
in—or the best approach to—solw-
ing the problem. It is, however,
one way to go about it and is per-
fectly workable in a wide variety of
applications. In any event, that cir-
cuit will show you the basic meth-
od to follow in designing a circuit
that is capable of handling your
particular requirements.

Higher precision means using a
more precise oscillator and adding
a crystal to the circuit to lock-in the
frequency. Heavier motors will
need a “beefier” output stage than
the single transistor shown in Fig.
1. However, that circuit shows the
basic approach to follow {you may
not find it necessary to go any fur-
ther).

As shown, two inverters—ICl-a
and IC1-b (each % of a 4049 hex
inverter)—are used to make a sim-
ple oscillator whose frequency is
approximately given by:

f = 1N.4RC
Where R is the value of the potenti-
ometer.

The basic circuit shown is one
that you've seen a million times
and have probably used just as
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often as a convenient clocking cir-
cuit. By adding the two diodes (D1
and D2}, we can split the charging
of the capacitor and thereby con-
trol the positive and negative parts
of the cycle—D1 controls the
positive and D2 controls the nega-
tive.

The time the circuit puts out a
high and turns on the motor is
controlled by the value of the left
part of potentiometer R1 and the
low-time is controlled by the right
part of potentiometer. Regardless
of how the potentiometer is set,
the motor will always “see” the
maximum voltage and as a result,
the motor is less likely to stall at
low speeds. You'll also find that
the motor will start turning at a
much slower speed than it would if
the control was achieved by vary-
ing the voltage applied to it.

Although the transistor in our
example is a 2N3055, any transistor
that can handle the power require-
ments of the motor will do. If the
motor is really “chunky,” you
might have to make a Darlington
or add another stage to the out-
put. Ganging the four remaining
gates in the IC provides enough
power to drive even a 2N3055,
however, other applications may
require other components. Al-
though you can use any CMOS
gate that can be made to oscillate,
the 4049 is heftier than most of the
others. But then, the final decision
of circult elements is yours, since
only you know what your needs
are.

There are several improvements
on the basic circuit that come to
mind almost immediately: They
include using a crystal oscillator,
adding a keyboard for speed-se-
lection, or adding a digital display
{(which offers some interesting
possibilities slnce all you have to
do is count pulses and do a bit of
arithmetic). Just as with all the cir-
cuits discussed in this column, re-
member that what we have
described here is only a starting
point.

You can elaborate on the circuit
as much as you want to make it as
versatile as you need. The only
thing | ask is that you let me know
whal you've done—there's a lot of
people out there who are inter-
ested. R-E

ELECTRONIC
COMPONENTS

MANUFACTURERS OF QUALITY
ELECTRONIC COMPONENTS
« BAVTARY CLIFS & WOLDIED

a CARLY BITL » CONNICIORS » CAPACITORE
A DHPIATL & 1dD: « PUldS « PACal B PFLUGH
» BHOBL » LamPl » PONINTAOMINARIT
A ®0 CoNt » BALAYL » RILINIGAS
2 SWITEmIL + LIMICONDUCTORE « SPLARINL
A THIT fOUIPmINT = IRANLIOImIRS » TOOLI
WAL R AN
OVIN 15,000 RIsPERENT 111 M IN ETOCKI

A Bwiwa il Owddur Duank a Fhong mpl gl
Opey fiae & 00w mJriTh Ordent Wrlrbar

I riamd GO0, Yaa 2 Cotpl %8 Muiled
[ - Oervida ULA
10mas Arcawpin & adaiiaf Lead 12 00

MOUSER ELECTRONICS
11433 WOODSIDE AVE. SANTEE CA 92071
PHONE fe1o) 4492222 TWX 910-330-117%
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SAVE BY BUILDING
OUR RACK MOUNT

STUDIO
EQUIPMENT

QUADRAFUZZ — for separaie fre.
Quency bands of distortion are mixed
tor the smoothest fuzz you've ever
heard. nO.6720........... 539.88

HYPERFLANGE/CHORUS — the

Cleanest. widest rande. most varsatite
flanger anywhere at any price,

NOSBESOR. Wo, SUl . e . Fo0 $149.95
VOCODER — unmatched perfor-

mance in a versatile, low cost rack
package. no, 6710. ... .. .. .. $99.95

HOT SPRINGS — user's agree. shor
of slucwo plate sysiems., you won'l
find a betler reverb at any price.
10, 6780 5 5 kbl el e 356205
ADD $3 SHiPP1
FOR EACH KIT ORDERED
Inncvallve. cost efleciive designs by

Craig Anderton In easy to assermnble
kits from:

BAA Electronics, Inc.

Direct mail orders and inQulries to: Dect 11R
W20 W Wiishire . Oxjahoma City, T8 73114 (a0 03 #6740

Ask lor your free catalog.
CHARGE TO VISA ORMC TOLL-FREE
1-800-654-8657 9aM 10 5PM CST MON-FRI
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MMitlntosh

STEREO CATALOG
and FM DIRECTORY

Get all the newast and iates: informarion on the new
McIntosh siereo equipment in the Mclntosh catalog. In
addition you will recerve an FM station directory that

covers alt ot North America.

TODAY!

| cov.

NAME

Mcintosh Laboratory Inc RE
East Side Station P.O. Box 96
Binghamien. N.¥Y. 13904-0098

ADDRESS

L

Basrswiaa iR o

STATE___ZIP.

I e o  — —

Il you ara in & hurry for your catalog pl#ase send the coupon to Mciniosh.
For non rush service send 1ha Reads: Service Card to the magazine.
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BOARD

Making the 4089 do useful things

ONE OF THE NICEST THINGS ABOUT DE-
signing logic circuits is that
they're, well, so logical. All you
need do is figure out what you
want the circuit to do, work out a
flow chart or block diagram of the
unit, find the parts, and that’s that.

Well, to be truthful about it,
there's a bit more 1o it than that {as
we all know), but the creative work
can all be done on paper. Once the
circuit has been breadboarded,
there are always certain minor
technical problems to be taken
care of—like the unit doesn’t
work. But that'’s circuit hacking,
not circuit design.

Anybody who's been following
our discussion on rate multipliers
and has breadboarded the circuit
we worked out last time,
should've found the 4089 to be
really simple to use.

In our last discussion of rate
multipliers, we left out part of the
circuit—the display—because, as
previously stated, you can use any
counter arrangement that you're
familiar with. All you need is a cir-
cuit that's able to count and dis-
play the number of digits you
expect to see in your answer.

This month we’ll add the display
circuitry and also take a look at
what must be done to make our
circuit do useful things. We'll be-
gin our discussion with the display
circuit.

The display

Before we get into our discus-
sion, here's a little advice that can
save you plenty of trouble in the
long run. One of the best habits to
get into when designing is to keep
a notebook containing schematics
of often-used circuits. (The “De-

AG. z

signer’s Notebook” is a good ex-
ample of the type of circuits you
should keep handy.) Remember
Grossblatt's 15th law: Never trust
your memory!

A counter-display combination
is used almost as often as a clock
circuit and, therefore, is a natural
addition to your files. With that
out of the way, let's get to it!

In the example we used for the
circuit last time around, we were
multiplying 14 times 67. That
means we'll need 3 digits (to dis-
play 938). Since we’li be counting
three digits and using CMOS log-
ic, the 4553 decade counter/multi-
plexer is a good choice. We will
couple it to a standard 4511 de-
coder driver.
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Figure 1 shows the pinouts for
both those 1C's. You should be fa-
millar with the 4511 (Fig.1-a) since
we used it to drive the displays in
the keyboard encoder we de-
signed about a year or so ago (Feb-
ruary, March, and April, 1983). It'sa
“plain vanilla” decoder/driver for
common-cathode displays.

The 4553 (Fig. 1-b) is a main-
stream device that has all the cir-
cuitry needed to count up to 999
on board, as well as the multipiex-
ing logic to directly handle three
digits. The IC also contains three
cascaded synchronous-counters
whose outputs time-share pins 5,
6,7, and 9.

The individual digits are turned
on by using the three DiSPLAY-EN-
ABLE pins (1, 2, and 15). The REseT,
LATCH-ENABLE, and CHIP-ENABLE pins
are self explanatory (they're the
same as similar controls found on
other IC's). Pins 3 and 4 are the
external-world connections for
the timing capacitor used by the
on-board, low-frequency multi-
plexing oscillator.

Although you may find the 4553
a bit on the expensive side—usu-
ally about three or four dollars by
mail order—it's a good choice be-
cause takes the place of a whole
handful of IC’s. The savings in
board complexity, power con-
sumption, and bench time make it
more than worth the extra cost.

Figure 2 is the schematic for the
display portion of the rate-multi-
plier demonstration circuit we
started last month. Because the
parts count is tow, deslgning a
printed circuit board for it is a
snap. (You should be able to fit
everything on a small, single-sided
board.)
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By coupling the circuit in Fig. 2
to the one we worked out |ast
month, you’ll have yourself a com-
plete demonstrator for a rate mul-
tiplier. Admittedly, last month’s
circuit isn’t the most useful circuit
in the world, since it's hard-wired
to multiply two particular numbers
together. But we'll talk about how
to make it a little more versatilein a
little bit.

We've already seen how easy it
is to do multiplication, but what
about division? Well, believe it or
not, adapting our circuit to do divi-
sion is simple. But first, lets go
through a quick run down on the
theory behind doing multiplica-
tion. The rate multiplier takes an
input clock and gives us two dif-
ferent kinds of outputs—the base
rate and the mulitiplied rate.

The relation between the two is
controlled by a 4-bit word
(number) presented ta the IC's
data or weighted inputs. The mul-
tiplied rate will be equal to the
Eroduct of the base rate and the

inary word. As mentioned in pre-
vigus discussions, doing multi-
plication is really just successive
addition. We keep track of the
base-rate pulses and count the
multiplied-rate pulses.

When we continue, we will take
a look at what steps we have to
follow to get the device to perform
division. R-E

@Elm KEYBOARD-SYMPHONY

Alpha DX 300
- the musical giant that fits -

The latest in technology for absolutely authentic sounds, incredibly easy
playing features and big savings by dolng the finat assembly yoursetf.

Ask for a sound demo today. Call 1-800-233-3865
or send in the coupon. (inct. $ 2 shipping charge)

Pianostar § 2000
« the real pianc feellng -

- »* WERS)
- - Dept. RE 2
- P.0. Box 6318
Lancaster. PA 17601

City
Phane

CAMFGERouUNEE
|

w1l oM Kay & e
L7 3 -

“People will think we came here to
watch television.”
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THE MEAN LITTLE KIT New compact kit of
electromic lools. Includes T screwdnivers,
adjustable wrench, 2 pair pliers, wire stnpper.
knife, alignment tood, slainiess rule. hex-key
set. scissors, 2-llexible files. burnisher,
soldenng iron, solder aid, sodder ang de-
soldering braid. Highest quatity padded zip-
per ¢ase. Send check or charge Bark-
Amencard. Mastercarge, or Amencan Ex-
press. The JTK-6 sells for $§95.00—JENSEN
TOQLS INC., 7815 S. 46th Street. Phoenix,
Arizona 85040, (602) 968-623%.
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Calitoria-DC Regulated Switching Power
supply 4 5vdc@5amp + 12vdc @ 2 amp
+12v dc @ 1.8 amp —12v dc @ .5 amp
115-230v ac input. fused. EMI fillered Re-
movable DC Power Hamess and Schemallcs
included 74" X 627 % 1.7 ht VisaMC/
M.O.icheck: when ciears. §37.50 ca. (Free
shipping in U.S.) 4-800-327-7182M1-305-
B69-9292. Power Plus, 469 W. S R. 436,
Altamonte Springs, Fla. 32714, (Call for
quanhty price).
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CALL NOW
AND

RESERVE
YOUR SPACE

6 x rate $650 per each insartion,
Reaches 225.016 readers.

Fas| reader senice Ccycls.

Short jead time for the placement of
ads.

We lypeset and layoul the ad at no
adddtional charge.

Call 12.777-5400 to reserve space, Ask
for Arine Fishman. Limiled number of
pades avalable. Mal malenals 19: mini-
ADS, RADIC-ELECTRONICS. 200 Park
Ave. South. New York. NY 10003,

APPLIANCE REPAIR HANDBOOKS—13
volumes by service experts. easy-to-
understand diagrams. illustrations. For major
apphances (@ir condhioners, ralngeralors.
washers. dryers. microwaves, etC), elec.
housewarews, personal-Care appliances.
Basics of solid state, sefting up shop, tes!
inslruments. $2.65 lo $5.90 each. Free
brochure, APPLIANCE SERVICE, PO Box
789. Lombard. IL 60145, 1-{312) 932-9550.
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SATELLITE TELEVISION RECEIVER
SEMIKIT with dual conversion downcon-
verter. Features inlrared remale contrl tun-
ing, AFC, SAW filter, RF or video output.
stereo output, Polorator controls, LED chan-
nel & Wuning Indicators. Install six factory as-
sembled circut boards to complete. Semikit
$400.00. Compleled downconvarier add
$100. Compieted receiver and downcon-
verter add $150. JAMES WALTER SATEL-
LITE RECEIVER, 2697 Nicke!, San Pablo,
CA 94B06. Tel 415-724-0587.
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AND

RESERVE
YOUR SPACE

e 6 % rate 3650 per each insertion.

® Reaches 225.016 readers,

® Fast reader service cycle.

» Short lead time for the placement of
ads

® We iypesel and layout the ad at not
agdditional Charge.

Call 212-7T77-6400 1o reserve space.
Ask for Arline Fisnman. Limited num-
ber of pages avallabte. Mail materiais
to: mini-ADS. RADIOC-ELECTRONICS.
200 Park Ave. South. New York. NY
10003

ELECTRO IMPORTING CO. CATALCG.
This repnnt ol the wistone 176-page catalog
No. 20 gives you an accurate look at the state
of electronics In 1918, Contans everything
from a Zinc Spark Gap 10 a 1000-Mile Receiv-
ing Outhl. You can gel your own copy of this
modern anfique. profusely ilfustrated, lor only
$4.95 plus $1.00 P&H. Order yours from R-E
BOOKSTORE, Radio-Electronice, 200
Park Avenue South, New York, NY 10003,

— S

SATELLITE CONTROL CABLE—NEMAL
ELECTRONICS has designed a new series
of combination cables for TVRO installabons
These cables provide all necessary wires for
signal, motor and receiver power and sense
circuits logether in one direct bunal jacket.
TYPE-1 RG-59 + 9 conductor {2-18gu}
$4951000°, TYPE-2 RG-59 + 11 conducior
{2-12gu) $689:1000", TYPE-3 dual RG-59 +
11 conductor (2-12gu) $679H000°. all made
with milspe¢ RG59, 96% copper shietd,
tinned drain wires. Over 500 types of cable,
connectdrs. SMATV productsin stock. Autho-
nzed distnbutor Kings-Amphenol-Columbia.
NEMAL ELECTRONICS Inc., 12240 N.B.
14th Ave., N. Miami, FL 33181 (305)
B93-3924,
CIRCLE 9§ ON FREE INFORMATION CARD
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FREE 1984 ELECTRONIC TOOL & IN-
STAUMENT CATALOG 15 packed with over
5.000 quality technical products for assem-
bhing. testing and repaining electronic equip-
ment. All products fully illustrated with
photographs. detailed descriptions and pric-
ing to aliow tor easy Ordenng by phone of
mall. Most orders are shipped within 24
hours, 100% satisfaction guarantee, CON-
TACT EAST, 7 Cypress Drive, Burlington,
MA (1803, (617)272-5051.
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SUBSCRIPTION TV MAMUAL. This infor-
mation packed book detals the meihods
used by subscription TV companies to
scramble and descramble video signals.
Covers the Sinewave. Gated Puise, SSAVI
system, and the melhods used by mo$t cable
companies. Includes circuit schematics, the-
ory. and trouble shooting huints. Only $12.95
plus $2.00 lirst class P&H. ELEPHANT
ELECTRONICS INC., (formally Random
Access) Box 41770-R, Phoenix, AZ 85080,
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TUNE "THE HIDDEN SIGNALS" ON SAT-
ELLITE TV —"Secret signals on the birds™. A
new technicai book coverning the recepbon of:
stereo subcarners - telephone channels, -
world news service, -leteprinter news. - radio
channels, - stock market services - teietext -
single channst par carrier « plus many other
satellite hidden signals. The equipmenl. how
it can be used, etc. Fully illustrated, just pub-
lished. $14.95 plus S & H. tniversal Elec-
ironlcs, Inc., 4555 Groves Road - Sulte 3-C,
Columbus, Ohio 43232,
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TIMEX/SINCLAIR 1000, 1500, 2068, ZX81,
SPECTRUM Hardware & Solftware for all
computers: PRTR F—A CentroniCs paraliel
printer interface. Order PRTIF: $50. EPROM-
MER—Programs 2716, 2732, 27648 Order
EPRMR: $75. ASM/DSM—A full featured as-
sembleridisassembler. Order ASMDSM:
$40. TEXTEDIT—A very complete aditor. in-
cluding 64-column mode. Order EDIT: $40,
When ordeéring. specifiy type ol computer.
Cash. check. or C.O.D. only. Send to: Re-
search Service Laboratorles, P.O. Box
19124, OKC, OK 73144.
CIRCLE 10 ON FREE INFORMATION CARD
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CONVERT YOUR TV
TO A HIGH QUALITY MONITOR

L = .

USE WITH COMPUTERS., VCR's & CAMERAS
TRVM kit permiy Dusl hicos
operateon on rransformaer

e 343

rersoiuton Dract Ve * Up 10 80 chirscters
Por ing * Waode Dandwadth « Easy satadation

DVM 1 Hol Chasts Rt with Auio - - 84,95
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= Mac 'Laa Hardwin s 4 Software
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ne.

Bor 411, Low Angeles. CA 90028
(213) 488-5533
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ROBOT KIT - EXCITING, FUN, EDUCA-
TIONAL. The AYOIQE R senses objects inits
paih and tums tc avosd them. This kit aquaints
you with infrired sensors, gear drive rains,
teq mation tnkage and much more. PC brain
board factory wired and tested. Precision
paris assemble in 1 to 2 evenings. $49.95
plus 3$3.50 shipping. BUYUS, 1NC. Dept
RE114, 10 White Birch Dr.. Ossining, NY
10562. VISA or MasterCard (914) 762-4799.
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CALL NOW
AND

RESERVE
YOUR SPACE

s 6 X rale $650 per each inseriicn.

# Reaches 225.016 readers.

» Fast reader service cycle

# Short lead lime for the placement of
ads.

s We typeset and {ayoul the ad at no
addittonat charge.

Call 2¥2-777-6400 10 reserve space. Ask
for Acline Fishman. Limited number of
pages available. Mail materials to: mini-
ADS. RADIO-ELECTRONICS, 200 Park
Ave. South, New York, NY 10003.

TELTONE'S TRK-957 KIT makes bread-
boarding a low-powes, central office quality
DTMF detection system easy and inexpen-
sive. The included M-957 recerver decodes
12 or 16 digits and operates from 510 12V dc.
Its sensitivity, wide dynamic range, notse im-
munity, and low power consumption are ieal
lor telephone switching, computer and re-
mote controi applications. Only $24.75. To
order, call: TELTONE, 1-800-227-3800,
etx. 1130.
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RECEIVE SNOW FREE UHF PICTURES.
Manufacturer of DX Sateliite Receivers now
offers the ullimate URF reception system. Ex-
cellent recephon to 160 miles or more. Sys-
tem comes with 114 @lémen| modulated quad
YAGI antenna. 33 db L.N.A. {booster. Re-
ception whare others fail! 1 year warranty. 30
day refund. $199.95 + shipping VISA-MC.
Specify channats. Order now. DX TELE
LABS, 6601 E. Clinton St., Scottsdale, AZ
85254 602-998-3966.
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COMMUNICATIONS £
CORNER

Mobile digital-communications systems

AS DIGITAL DEVICES WORK THEIR waY
into more and more communica-
tions systems, they are usually ap-
plied within the context of a
complete operating package. That
is, if they provide dataor commun-
ications exchange, they do 100% of
the work. But you shouldn’t think
that computerization necessarily
excludes voice—it can serve to en-
hance what is essentially voice
communication,

An example of that is the ap-
plication of computers to radio-
taxi dispatching, whereby digital
information is transmitted
through the same equipment that
carries voice communications.
The digital data, in such an in-

stance, is the trip charges deter
mined by a computer that has
been programmed according to
the voice information-that the dis-
patcher receives from the driver.

How it works

Figure 1 shows the communica-
tions system. It's really a UHF radio
with a computerized taximeter in
the vehicle and a computer at the
central station. The computerized
meter has a digital display and a
microprocessor that monitors
waiting time and trunks. (Trunks
being the number of suitcases or
parcels handled by the driver or
loaded by the passenger.) The
waiting time at each stop is deter-
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mined by a clock within the meter;
when the wheels stop turning, the
clock starts running. The total
number of trunks for which there
is a charge is entered by the driver,
if possible. If the meter does not
have provisions for entering trunk
data, it could be supplied to the
dispatcher by the driver through
the voice channel; the dispatcher
would then enter that information
into the central computer.

When the driver picks up a pas-
senger, he radios his starting loca-
tion and the passenger’s end the
destination to the dispatcher. The
dispatcher then enters the driver’s
location and destination into his
terminal, which is connected to a
computer that’s been pre-pro-
grammed with every street ad-
dress in town and the surrounding
area.

The computer calculates the
basic mileage charge and also au-
tomatically transmits that informa-
tion {in digital form) to the taxi,
where it is passed on to the meter.
The mileage charge serves as a
base rate to which waiting and
trunk charges are added. At the
end of the trip, the computer in
the meter calculates the waiting-
time and trunk charges, and adds
them to the trip charge. The total
cost of the trip would then be dis-
played on the meter’s digital read-
out. Depending on the sophistica-
tion of the system, the taximeter
might automatically transmit the
total charges back to the central
computer.

Obviously, the computerized
part of the system is no problem. It
doesn’t take advanced technology
to transmit information from the
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taxi or the central computer and
then manipulate the data in any
way necessary. Here the problem
is really in integrating the comput-
er and voice channels. Noise, fad-
ing, and other characteristics of
mobile radio usually do not inter-
fere with voice communications
because the operator can ask for a
repeat of the transmission {or sim-
ply fill in the holes with his own
judgment, based on knowledge
and experience). Voice systems
are only designed to transmit
about 80% of the intelligence with
the brain filling in the remainder.
Computers, unfortunately, can-
not fill in the blanks from experi-
ence. If the central station
transmits the data for a $12.50 trip-
charge and the data doesn’t get
into the taximeter, nothing is
going to work correctly. Then
there’s the problem of shared
channels. If the computer trans-
mission is automatic, it must be
certain the channel is clear.
Because we are dealing with less
than a byte of data, (8 bits can rep-
resent a charge of $255—and that's
a pretty large taxi fare) OK, so now

we're dealing with an extremely |

short data-transmission {on the
order of 7to 30 milliseconds), even
if the sequence is repeated several
times because of a checksum er-
ror. Thus, it's possible to easily
squeeze lthe data between the
time the operator stops talking
and the carrier drops out; all that’s
needed is the length of time it
takes to take a breath to piggyback
the data on the voice channel.
Therefore, we do not need a clear
channel specifically for data trans-
mission; if it was clear for voice Tt
will be clear for data. The only
problem we would have append-
ing the data to the end of the voice
transmission is knowing when the
chit-chat was over.

in the interval between the
voice and carrier drop-out, we
could easily add digital data to just
about any voice system. What we
need is a gizmo that knows when
the voice transmission is over and
will then signal a computer to
“go.” That can easily be done by
something as simple as monltor-
ing the push-to-talk switch on the
transmitter. R-E

.
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|| Why do things the hard way?
|

THERE'S AN OLD LATIN SAYING THAT
goes, "Essentia non sunt praeter
necessitatem.” All it means is
don’t make things harder on your-
self than you have to. {In other
words, do everything the easiest
way!) In my own shop and several
others, I’'ve noticed that many
technicians have a tendency to do
things the hard way. They (and that
includes myself) take a simple task
and make it harder than it should
be. However, that can be rem-
edied by taking a little time (at the
beginning of each job) to look for
an easy way.

Troubleshooting shortcuts
Finding the easy way to solve a
problem isn’t always a simple
proposition. It requires that you
first do a little brain work and then
pay strict attention to detail.
{Translation: Look before vou

JACK OARR,
SERVICE EDITOR

leap!)

For example, let’s suppose you
have a dead stereo. The hard way
to fix it is to jump right in and take
detailed voltage readings of every
stage. But the easy way is to feed
an audio signal to the input of the
unit and use a scope to trace the
signal through the many stages to
find out where it stops.

Once you have found the mal-
functioning stage, it is a simple
matter to locate the cause by tak-
ing voltage measurements. A
quick check of the emitter voltage
of all transistors in a particular
slage should point you in the right
direction.

Figure 1 shows a schematic of a
TV audio stage, which we’ll use for
our discussion. (Although that
schematic is taken from a TV set,
the principle that we'll discuss ap-
plies to stereo’s as weil.
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Let's say, for instance, that you
measure the voltage across the
emitler resistor of transistor Q12
(see Fig. 1) and find it to be zero
when it should be 3.8 voits. You
already know that a signal is being
applied to the base of the tran-
sistor. That simple voltage mea-
surement should have told you
that the transistor is not drawing
any current because the emitter
voltage is usvally the drop across
the emitter resistor.

Looking at the other side of the
coin, what if there is no emitter
resistor (as is the case with Q11)? A
little thought should tell you to
read the voltage drop across the
load resistor (or any resistor that
carries the collector current). If
you find that there is no voltage
drop, but the voltage is present,
suspect an open transistor.

A mind-boggling problem

Here's another one for you: |
didn’t see this one myself, but |
heard about it from a usually relia-
ble source. The complaint was that
there were several “jailbars” on a

TV screen (20 of them, to be exact).
The actual cause of the symptom
was a broken ground on the coax
that carries the signal from the
tuner to the input of the IF. The
cure is simple enough: Fix the
ground and the symptom disap-
pears. But, the thing that puzzled
me was the number of bars!

The standard jailbar symptom,
of course, comes from the 4-5
“rings” on the baseline of the hori-
zontal pulse. They are at the
flyback frequency, maybe 45-60
kHz. But why 20 bars? Twenty bars
would mean that the frequency
was up somewhere around 3 kHz,
but where would we get that?

Taking a guess at it, | suspect that
the waveform of the solid-state
horizontal stage may have gener
ated it somehow by developing
some sort of ringing on each tran-
sition of the signal (or something
like that). But | never did find out.
If any of you have run across that
symptom and have managed to
pinpoint the cause, | will be only
too happy to print it and give you
full credit for it. R.E
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Ottawa, Oritarlo
K1Z 6A6
(613) 728-7900

M5B 1KS

Calgary

T2A 5N1

14 Cartton Streel
TJoronto, Ontario

(416) 977-7692
3220-5th Ave. N.E.
Ba

Caggary, Ailberta

(4083) 235-5300
Vi}-it your nearest Active store, call, write or circle
the Reader Service Card for your copy of Active’'s new catalog.

Downsview

86 St. Regls Cr. N.
Downsview, Ontatio -.L
M3J 1Y8 =
{416€) 630-0400 ]
Yancouver ok
3070 Kingsway
Vancouver, B.C.

VSR 5J7

(604) 438-3321
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TECHNICA 140 channa! cable converier fully remote
sound and video unit onty £149.00. Jerrold LOCS8
convertar only $79,00" Jerrold DRZ450 converter
90 channe! auto luning only $85.00. All units carry
full manfacturers warrarty specials while thay last
For cala send 00, . REDCCAT ELEC-
TRONIC 68lh Drive. Forest Hills, NY
11375, (212) 459 5088.

TUBES, new. unused. Send sel-addressed, Stamp-
ed envelope for list. FALA ELECTRONICS, Box
1376-2. Mitwaukee, W1 53201.

FREE Pay-TV reception. "How-To" baok. HBO,
Showtime, Cinamax $4.95. DIPTRONICS, Box 80
{R3), Lake Hiawatha. NJ 07034

CABLE-TY converters snd descramblers Low
prices, deaiers wanted. Send $5 D0 for calalog R &
M DISTRIBUTORS. Box 266-1. Bosion, MA 02190,
(617) 871-5838

CONVERTERS alt types for all systams. Lowest
pnoes anywhere Quanity discounts. dealer ingur-
w3 acceptedd. Send $1.00 for calalog. PG YIDEO
gOnﬁl‘:’gaPO Box 296, Latham, NY 12110. {518)
74

CABLE-TV groducls. Jarrold. Hamlin, and Cak
converiers. Send $3.00 for information. ADDH-
TIONAL CUTLET CORP.. 1041 W. Commerc:al
Bivd., Ft, Lauderdaie, FL 33308,

AUTOMOTIVE Securlty Catalog. 1984, 24-page
color catalog, $200 ASE. Dept. 1, PO Box 382,
Plainview, HBoa.

PLANS AND KITS

PRINTED-circult boards. Ouick prolot . pio-
duction, design. reflow solder. S8n E?:rin‘ or
description for quole 10 KIT CIRCUITS, Box 235,
Clawson, M1 48017

CRYSTAL radws! Plans! Kits! Plans and calalog
$3.00. COUNTRY CRAFTS INC.. Box 310, Edge
wood, NM 87015,

DESCRAMBLER kits repaired for February’s issue
$24.00 parts & labor, $2 50 S&HM, for detais send
$1.00 {ofter vold in Massachusetts.) NORTH EAST-

ON ELECTRCONICS. PO Box 534, North Easlon.

MA 02356,

containl
TESY &

FUNGTION GENERATOR KIT $59.95%
Auto-Ranging Cap-matar kit $79.95
Phone 209-772-2076

Writa or Phtna for FREE CATALOG

SCIENTIIIC NS TRUMENT"
DAGE QX 144 VALLE Y SPRINGS CA 55252

FREE KIT Catalog

DIGITAL Kiock kit plays 1-01-12 difierbnt melodies
on the quarier hour. Displays time, daie. and other
teatures, Send 52,00 for complete assembly and
plans and pnaing 10 KERBER KLOCK KQ.. 26117
Hillcrast, Eastlake, OH 44064,

SPEECH synthestzer—unlimhed vocabular)r
Schematncs and programs for Apple, VIC. Comm
64, TRS80, and color computer, $6.00. Telkin
Clock for VIC. Comm 64, $3.00. All Radw Shac
ﬁaﬂs MICROTALK, 39 Raymond St, Prowvidence.

CABLE-TY converters: Jerold, Hamlln, SB-3,
AN-3, Mini-Code, Zemth & more. UHF converters:
Daluxe 1l sinewave kits 595,00, gates! pulse add'on
$70 00 Completa units $195.00 with gated pulse
$255.00. (Quantty discounts.} Repairs of all con-
verters & cable boxes. Send SASE (54 cents
pos or call for into. 1 {312} 637-4408. HIGGINS
ELE ONICS, 6014 W. Nelson, Chicage. IL
60634,

CATALOG: Mobby, CB broadcasting? Linears,
transmitters, bugs, scramblers. downconverters.
antonnas, modificabons, morel PANAXIS. Box 130-
F11, Paradise, CA 95969,

DESIGN your requiated DT power sUPPly Practical

grooedure—Sl . Qr | will dasgn 10 your specs
8e quote, JADKO, Bex 397, Calimesa. CA 92320,

CDMMODORE 64 owners r rvestment
with ¥-Guard Crowbar Kit 514 5 assambted
$24 9%, or send $1.00 lor delasls and parts list. IRC,
Box 60, Mason, OM 45040

Z-B0 control board—assemble with T pats,
Takes up to 8K EPROM. 16K RAM. Bare board
$29.95. Send $5.00 for schematic:pans lisl—ra-
tunded with first board order. OMNI SYSTEMS, PO
Box 28347, Minneapolis. MN 55430,

DESCRAMBLER pians. New design decodes
gated synt suppressed Signais—newest pilotiess
mathod. Circuit boards, mast parts from Radig
Shack Detaded thedry. digwings. schematics,
structions $14.95 plus $2.00 shippmg CIRIIO
CORP, Box 212, Lowell, NC 28098.

kobbyist dreaw come True
Perfect raining 100l
low cost lab equipment

SAVET:
Use I’rofoMate

an uniQue design aid
combining mulliple eguipments

=

Proeo »irips
opilonnl

FEATURES ARE :

- 2 FUNETION GENERATORS
AM._ M

. YOLTAGE TO FREQUENCY
CONYERTER

« OC YOLTMETER

« 2124, +5Y POWER SUPPLIES

» FREQUENCY COUNTER

» PERIOD COUNTER

« PRESETABLE DECIMAL
COUNTER

» CRYSTAL OSCILLATOR

» INTERFACE DRIVERS

» LOGIC PROBE

« SWAY GENERAL PURPOSE
TEAMINALS [DPT)

« 10 BP AMPS

» CONSTANT CURRENT SOURCE

PROJECTION TV. .Convart your TV to ect 7
foo! picture...Resulls comparable to $2. i
ectors...Total cost less than $30.00...Plans and
lens $19.95. {llustrated informanon free. MAC-
ROCOMA-GC, Washington Crossing. PA 18977,
Creditcard orders 24 hours, (215) 736-3979.

HI-Ft speaker kits, autc speaker sysiems and
speaker comMponants rom Lhe world's finest man-
ufaciumrs For iners and experls. Free ler-
alure. A & § SPEAKERS. Box 7462R. Denver. CO
BO207 (303) 399-8609,

COMPUTER aser disk mterface, build your ¢wn
Schematics. parts list and sample Ag ogram $1200.
{RATA, 2562 Eas! Glade, Mesa, 85204

QUALITY printed-clrcuit boards. 15 ceals 59-in.
Free drilling Cuaniity discounis INTERNATIONAL
ENTERPH SE. 6452 Hazel Circle, Sirm Valiey, CA

DELUxE Il sine wave dascrambler board owners.
improve ton distance, pucture quality and sta-
ility wath 8 circuit rwsions 59,95, A pulse sup-
pressed descrambler design for the above board
$7.95. G & M, Box 335, Rising Sun, MD 21911,

NEW!I Multi-tuncilon kit with Impressive sound
quality. Converts mono to slameo. OF gnhances ster-
e with wo distingl modes. Gives 3 dB. Gan ba-
tween 30-20KHz. $39 95 plus $2.50. Calfomia acdd
6.5%. SINETRON. PO Box 661571, Sacramento.
CA 95385

SATELLITE TELEVISION

UNSCRAMBLE secrl satadlite channels walch alt
the good stull Plans $19.95—kis $169.95—com-
ete units $295,00—Detaits and order forms £3.00.
CRAMCD, 8688 Royal Drive, Noblesvllie, IN
46060

GEARMOTORS for molonzed satellile antenna
projects, 110VAC, 101RPM: $32 50 plus $4.00 sh&
ping. Actuators 36VDC, 187; $139.00 plus $10
shi TEM, 22518 97th. Corcoran, MN 55374,
(612) 4498-8014.

SATELLITE TV! Lowes! prices. absolutety com-
plete systems| Major brangs. Free Information.
Completa installation/programming guide
$3.00. Deralers wanted. Visa:MasterCard. AlS
SATELLITE. Box 1226-R, Dublin, PA 18917, (215}
249-8411.

Satellite Descramblers

For West Star 5
COMSTAR D4

DEALERS i NOUTRIER WEL OO o . .
§ B i ek on Movies Movies Movies
g add shipping charge §3 000 Send $5.00 for information
G — . Modern Technology
| - P.O. Box 419 D1 _5
o ELEBTHUN PO. BOX 23008 HANJORE CA palda
o TevL: #DB-224- 8206 Boston, Ma. 02186 e:‘s
= HESEAHCH 428 CONESTOCA WAY.8AN JOSE.CA vuiss T (617) 871-5838 S
é CIACLE 22 ON FREE INFORMATION CARD
100

wom - — Tk

WWWwW americanradiohistorv comm


www.americanradiohistory.com

ADVANCED

]!' . u l l I b 595 LM
l : g 19 umdsacn P
P I s [T W
~TaYT-T= (FT="" " Tam
DPRO . LA 1M » e ” ISR R ey g
= wn = ma LAEXMH "™ LM 344 ‘“ W T s ey
Ll -y il an E prmpy - LM e20M vl " yaer - -
0 gy i s || L 5 Lhitgs0n : n gy :‘i -
» = Ll e L wih :‘ Luag » Ll X G TN 5 1
o e = e A -~ e » Luehal 1 0 G Tim i i
64K D e, s 52 b ol C e e e £ N ras m tas
RAM (41 Mt v e me o ne | ot e e 250 n o = i
64_200 S - i L o Ciagliio | o4l o ] - Ly TN , " g For
9 n ) ey, R e un LI ARl in X ok & -
pcs fo 5 00 o o e b ] ] ey 1‘. AR and ;: -
r 0 e am Ba wma aw | LRI b CAYENT " » =
s e " | LW M caan 148 az -
16K ™ wa n o E - 1 1 - =
D RAM pa g S e R Camst 18 o e m
(41 16-20 i, e gs B 1n = | AR G 1y
OnS) s A S Ao yn 0 5 B o)
pcs for ¢ o i i an i
or 1 295 ) o A 2y » o ¥ 15
REPEAT s o= nE Y ma ¥R
m CAIIIN i -
L]
- OF SELL-DUT P =  wum o ww an o U L B bre o o) A B
Koy Unencoded S|E PE 1 - AnTas AR i
Kmﬂ n “nmn Trtrl :’. ras L | LT o tn CANMN - ;:‘n - N;gt e
= I » e 18 [T ] 115
Oparmioy Thars1# new  wman LI SN 1 rarm
br W 1 12 TN n
O e | ol freceesd ' CAYRW Frae S
. I oy s | udpa el e noww e el i
rnBrLAY RSy CATE X
19'5‘ it PO IC AAMS Pveery ’: CANN 118 "% n
T a4 A s 1T | TIE2Y no  un e 4 e W e
b::"'l‘m :':ﬂ [P . :lm - m 195 gglm J" LT ::
: el St 1ea 3 AB w3 e 1407 +
PC it Soid e : ”"""“00:*: o ;;: AT AT {: 3:" : ::2 ;:
i 11" - eciciuc) Pl base s =y orgia 1ix I 1B e ] I 1T 1 Farda
o] 10 | LMN CAY d »
Me 1o au $a I e e e e 194 L L
Unencoded ace prce *3™ EEEERTTTOTC a3 | e 9 o & e i
10 kor D o | (MATH e b vl
Key Pad L22 rouaczr? : HA L 1. sGnu 1% e e
1 st il e reTe £ CAMON n e
|..;",,,:""“’ - nszs D410 e ::;:g gt ay | MEMSV IT LN LE " :::: ‘A
I-lt:l.:u‘”. S 2 L L DT & e 11} =3 il b M Yo
e Ty T
- 0% IGMAL TESTER | " 0 ATt e el b et in a  am e
WE fir % | wessren 1A ot i1 » Tardh 128
= oo sz 74 ]
ACar »
EPROM*’ lr-:'i TESTER 000 SUPPORT e e nearim g
LED P gary :'m - - WIQn : #t41 » -
MII +) o e L L] ACAIIA
] b=t i [ il ! B b AR
Modsl Wsammm e Gl s 1:: =5 bk it -] s ;:;:“ X tadita &M
DE Avadatie e i R LB ] | e o g i (el oo} il i L
-4 w212 in Wy AN n o am | ol wm“ - W sz N ek 11
1" e ues WM 115 ] = |ty 2 pd Lt
‘g™ CONN Qe %0 W Bw LT, [EHH Tos04 w$in 119 119
ECTDRS B 1 2354 AM BB 7o | Lraicw 3 SWHa » | 7a50 " reBM 1M rase 48
Mok & £PROR o » oo e i a = o - B oras et il
B 2 49 ™R MTEAaN ToLSn - 14
o] o . N T o B e I E B rasm At 14
S-52T Pt w7 b r L] or I ”orasM
$134 00 o 78 # | LumcH ™ = Tanu ? -
15 Em krar L9 -y RN - TAEID 2 T
o 4 0F L 131 ANTR4ON S s -
8 A M Ly 128 e, Y]
s T H = “" 1 130 = SHFLMHN w| i B A3 W ey 18
CORCOM F OB25P T2 =d EL) 1 | 1o 1% s s » e m i
||.TE|I D855 Feman (T s ihind 1 T b e ;:Lsm 1% rase %
Fheidr=! s s AW | g5z o | et o St e EED "
COR Sot neths Mot S0 e (o, D s 12950 PREKIS AT o e S
COM [P905T. Ax e w0 wn  nw LT et ot L] rasemy %
Fitter ::H*.u am D e || eSS e 5 - takz o Tamn in 5N W8
ST, m s 511 aged S2vy | PRSI 138 AR
Copatten N am | R e b 1| R rasiw e o
L Cond il 5150 W, 8 . .’;" [ T Te50% TSN 118 resy 138 | Tasw Kig g 7 1
N | ubiA 100 Conper i e H feed 4 el 1 7 |7 £y TS e 5T
&7, 100 Carvacior o | u 37 e 200 WO e b o L T 1w | s ] % TASIM 1§
CAT CC g | e “:5 N e :g frrery " S ]I: s 2w r:‘g 2 ‘:
CONTROL mm 1236 1150 e . o s tzwo 7y iy e n
LERS i 255 | M3 n THLEM
s, s 6 AR - - e iR 2
oo sy e 2-80 SUPPORT B [ sl 1] ol B | rrn i P
et i conpany e RCTC M T el LS el 1 398 | Tase »
TV ool o Tone ot e L L a8 el KRl iy | e 4 ud
»y = N i e e e T ¥ i memci ime Tebe 219 :::';; 1 e vf ] :: v dliE b
O, e m = P
A an e i3y - Im | Tusn 5174 2w
“of Seriiiir il T e R et e hh & e e ol B e B W
o 254 oaly |52 8 ADcoK0 #1328 SOCRETS . e w i vl B i 2 7asme i rasw 13
e R IRl s ETS B W s 2 e am | A B ame 4 19
2o A s 95 Bacomon ‘: OGO AW "4::3 T resmal b el ruse s o n-. ;um i
accece ANy W LOW IB ez 3 Temn g | rese u rasH 1"
oL W WM s ROFILE 53 n IM 7asmac ™ N raxm
pem 1n s in Low pROFILE |75 7 " T AT
s ILE s 1 {TIN) wm ) e e o
et on 134 € il Hogde] L e o
E T Ml 0100 A e
e AL 9, T on P ratet ™
ATS 2T 1 IMIFFD M 9 14 pn L 13 [t ™
ey 1T Mo bl BT i 0 s 1 - I . 4
Arimm 13 Basoongegalong s I 18 P /54 1 L sy W
A e TG ¢ s, wm 2 Lkl "L F4 H - B
WA 2% e 1130 ey [ty 4830 20 pn L » 2 n AN W
WE STOCK TG B HC 1A #ny v :” non\p e el »
(=" e e M el L » - M Py -
4440 LI M o LP ar % 3
E b el wow “w oM n |arem=  im R MISE 0
aLe TS ™A WD - " a .h-r 12 & Pomizn 19 o E 29
PALI DY AL 3 = » Poaaon ' " 0t - 11w
g el it = 3L W = 10 Poston o | | 0B i o] osig t e
PALIOLE Lo MRS e BRCCE IREWRAP 1o || e s W, A SOST .S
A M 4] oty i B SOCKETS (GOLD) MUFF ® 2 mowm B G in
[t s " | IN 08 "
] T R o me T ]
P 0
W B crn el 18 L el The dapendab: ot el LSS ; A
[y Ty " Tirsa — [ripesigiid - . conl, 4. 10w M oM PTILERES )
R " ars P o e T e o e i e || 24 e Tl
1m i " " & fae e o o
A 0 1 e n oookng L] L
z ' pmw w oz & o o= o3 on
AVE- 3124 ] g i g ]
Man n 2e  %a wome g wewss wem| EO 8 TR Y el E A % i
1
ﬁmwu .1s 128 3 1T M oo W e A S - Wegha - 17 B ey Ms PrETI TR =
A 374 e tnad :y‘ ATOR :n-nww e :N b - we » wa AP o L
" Blioe  son som Byl S e 1. SPECIAL PURCHASE e ol ix 1 (o i
v :mm 0 10000 Sra s sq ety “ 4N = "0 1n
SIS o coas0 98 4 600 e 300 ram * .50 ea. " ou w -
S gmer b on ud i P CRYST et T et W
T R 3 ol 8 A W + XA LK a4 S = T » " ™
0 1198 o oo 0P 1 oo » o ™ - s o PLEFERT
o Tl ] o Rt = 38R o8 om
o —— ¥ oz g | POy I 4DoOMSU T g 1aine . "u'mw e 4 Pr-to O~ S 143
e 0 S I 5 798 7 “n0 o n e 2
480 SO LR EY T % Ol 1] 1§ COCRA; i il 4m
e v o pe-ae e o ) S 3 In aves W Wy n| = sn wr B 7 S
:Y.w s v ‘M“ wrn e L) :ﬂ 19432042 M ﬁ i1 owr n am 4
Ya: 1250 Dotshagitm LEE 1 W bl M ¥ 3oy 4 s 9 s 2 T
WAL 1 wMu el Gee | l I . A D - inlws n am » wow 1% z
E tea oW . d : LI = )
L1 ) l D . e
" T g Camer 1}
Y A ¥ ey s T — T
0 l . = it el y s Y L itrrd
: SR
I R e g 14
d a1 :mm.""‘-m..::r'"‘ 2
—— W
St A iy -:"--:_--'
o
101

C
IRCLE 80 ON FREE INFORMATION CARD

AN 1
a i
mericanradiohicetory comm


www.americanradiohistory.com

MAL LS | MUY s

(=)
(X

MULTI channel microwave aniannas, highest
quality, low . dealers welcomne. D.T. compact
£38 00, PT-1548.00, SA-1565.00, D.T. gnd $68.00,
PTS-21575.00. all units complets. DAISY TENNA,
Box 42010, Phoenix, AZ 8 , {1-800] 874-9033

SATELLITE-TV recelver breakthroughl Bulla
your own system and savel Instruction man-
uals. schematics. circult boards! Send stamped
anvelope: XANDI, Box 25647, Dept. HE, Tempe.
AZ 85282

ENJOY SATELLITE TV

Save money wih easy, guaranieed, %
do-it-yoursen antanna plans { kits
Elactromc knowiedga Rt neces3ary
Send 51.00 kr catalog or $8.55 for
1904 "Consurmes Guxle to Saisilie
Televison.”

an-Dg
Box 9108
Mizsoula, MT 59807

BUSINESS OPPORTUNITIES

64K 6502/280 duai processor computer
USS420.00. Hundreds AEpIe-oo 1bl8 sofiwanes
Details US51.00. RELIANT, PO
Sheungwan. Hong Kong,

Box 33610,

ELECTRONIC

BIG s
PROFI ASSEMBLY BUSINESS

Starl nome spare ime Imvesiment Knowledge
experience Lanecsssary BIG DEMAND asaern:
bling slectiom: cevices Sales handied by piofes-
sionals Unusudl busingds 00poHumty

FREE: Camplete lllugtraled Ilteralure
BAATA RE-O Box 248
Wetut Croek Cabl 94557

BUY direc! from TaiwanHong . Detaris $1.00.
Retundable. TONY COLUCCI, 56 Ceniral Blvd ,
Memick, NY 11566,

MECHANICALLY Inclined individuais desiring
cwmership of small electronics manuiactunng bas,-
ness—withoul Investmani. Write: BUSINESSES,
92-R. Bnghton 11th. Brooklyn, NY 11235,

PROJECTION TV.. Make $55's a.ssembu%opmi-
aclors.. Easy.. Resulis comparable to $2,500.00
Projectars. . Your tolal cos{ less than $20.00...
Plans, 8" [ans & dealers inlosmation $17.50. .. lus-
trated information iree... MACROCOMA GCX,
Washington Crussing, PA 18977, Creditcard orders
24 hours [2t5) 736 9880,

YOUR own radio ststion] AM, FM, cabie, Iicensed.
unlicensed. transmifter kits! Write: BROADC AST-
ING Box 130-F11, Parsdfise CA 95989,

BURGLAR alarm business booming. Tremen-
dous employment-business opporluniies. Get in
now. Information $2.00. SECURITY., PO Box
1456-A, Grand Rapids. M1 49501,

PICTURE Iube rebuilding equipment Buy sell, new;
used machinery Full trdiming. CHICAGO TELEVI-
SI0ON, 833 North Samoran Blvd., Orlando, FL
32807, (305) 281-1260.

NEWSLETTERS

ELECTRONIC SYSTEMS NEWSLETTER Is a
menihly publication written especially tor the elec-
frorucs hobbvistexpeamenter. Fascinating projects.
néw 13eas, spurces. Free detaits. AF PUBLISHING
Dept. R2, PO Box 524, So. Hadley. MA 01075

'BEC Electronics

P.O. BOX 461244R
GARLAND, TX. 75046
(214) 487-9031

TERMS
« COD MINIMUM $2000 + ADD 32,50 FOR COD'S
* UPS DEL ATRY ADORESS MUST ACCOMPANY

] .’RII-I- HANIHAING ON ORDERS LWDER $10.00
+ TEXAS RESMPCNTS ADD Pu STATE SALES TAX

{CANADA 1P NO FOREIGN COD'S e
+ CALL (214) 4573001 TO PLACE CREDIT CARD OR COD ORDER

VISA
Al L COD ORDERS

6% SHIPPING

OVER 45,000 SOLD SINCE 1977!
SOUND EFFECTS KIT

B This unit uses the T1 76477
IC and after 1he eawy
asnembh, W (omplered vou
will be able to reproduce o)
sl A% wound pom want'
Chaality PC bostd and ah
B FRMATY £ Smpo St i &re
provided. AR yvou need 1o
ndd iga speaker. The circuitry
of the bir prowides vou with 5
¥ Pwlae Generator, MUX
Ouscillatee & Camnparalor
to make more Comfies
unds & snap Frogr i
examples proveded 1o heln

18.50 ...

2/34.50 you gep used (0 using the unil.
\ SUPER MUSIC 27.95
SpeRa "MAKERKIT .cioon
10 WATTS Rg:dsgl?tr’

ouUTMM ORDER

hSM-03

This rogular kit i greal

& " tor car borna or door-
/ku applications. Wy include
all componerin and qualiny PC

board You'l love swr easy to lollow
aseembly mwtiucibions. The pachage
price mvciudes the hit, <ase wilroni pancl
lune seleciion switches, and & prepregrammed 2708
marmary chip (ROM) with 35 addinional runes, (60 101 af)
Addivionsl ROM's are available {or 398 to 14.95 ea.
(Listmyg seml with grder). Ovder Now! Offer expires
Masch 30, 1984!  12VAC iransformer i available.
Order TN.ID 268 »s.

O W OPEOENIC | € A1ALOG 15 CRAMMELL 1 TH NFAY GO0DES
S W1 e NP HUMVANL I O 8 T DRDER. FREC W 0 M

TES i's: Garrery Condithon,
Pick-up Codl, Ignition Module. purchase,
and HV Coil

11.88 ..ot order PAY 15.50 FOR BOTH!

THE BEST DEAL!
This hand heid A

EDUCATION & INSTRUCTION

F.C.C. General Radictelcphane license. Home
stuw. Fast. inexpensivel "Free™ details, COM.
MAND. D.g1, Box 2223, San Francisco, CA 94126

DGY

REEL-TO-REEL TAPES
AMPEX prolassonal senes open reel tape, 1800-or
2400-feer on 7-inch reals. used once. of 40,

$45.00. 10¥ax 3600 0ol and cassenies avanable.
MasterCard/Viga. VALTECH ELECTRONICS. Box
6-RE. Richboco, PA 18954 (215) 322-4866.

SINE WAVE PROBLEMS

HOW (are they affecting your box?) The Sirike
Back Mode. 56.00, includes countermeasungs,
Problem Manual includes trouble Shooting. align-
ment, anténna connections theory, iImpfovements.,
$8.00. Both, $12.00. SIGNAL Box 2512-A. Culver
City. CA 90231.

GRAPHIC EQUALIZERS, ETC.

NOISE aliminators, expanders, power metars,
others. Twelve-24 bands/channel equalizers from
£85.00 Kit see R-E 5-678, 280, 3-4/81, C g
SSS, 856A Lynnrose. Santa Rosa, CA 95404, (707}
546-3895.

CABLE TV

OEALERS wanted: Channel 2, 3, and 4 notch hi-
1ers. Money back guarantee. Send $15 00 for
sample and quanity pnce list. ity channei(8).
LEE KURTZ, PO Box 291394, Davia, FL 33329,

tive Teater checha and
tests the tunctions Ksled
bebire rasidy and quickly
The odginal manufac.
uret sobd over a miilion
wndts in 1983 ar 1995 each
lmatrwcthons and charts
are prinied on Lhe bach al
each unl. Thin 1ester will
snd hours of frusivalion
and pay; for Maell The lirst
turve used Units are all
v, 100N guacawteed
bor " days Irom date of

@ BATTERY LOW
EFECTIVE

PICK-UP

DEFECTIVE
MODULE

ORDER AS-25

WINDSHIELD

LMIMME Audio IF & Sep-
arste TW Audin ouipag
Lo L. ]

WIPER DELAY | [ 2w

Complets aseembled PC TOA TSI TW Audic
tomd with IC. svlmy. and S

sopirod  wih  wchematc O WOL.IEY 138
Complrie wilh custom 1M Linear B pin
modded plavile canr with Op Ammp

Ovdar: ICL-S1A »

€0 4433 Coumiur & 7 srg
decoder dirver I House
Ovrder: ICL-4433 &

/ TRANSFORMER

brachel and hayduare
Special lairedeciory
prical 395

Dhrdtr- AS-81

7/~ TELEPHONE
RINGER SEMI KIT

Comdaims speval MLEI VAC D IA
pnt ringey M and com- 13 VAC @ 1A
ponenis te budd a phran SVAC § 2A o

1t taTT b your phone I
5 pyn of gt a amed cwe wite
Ovidee: KTRAIS  1.50

PC Board tme shavy
N\ Ovder: PCEAL .00

ompletrh, Shiskded
113 VAC Primary
150 ea 106850

ORDEE: TH.2 /J

WwWwWw americanradiohistorv comm

INVENTORS!

IDEAS have valuel Ever think of an idea, forget it
and see it later on the markei? Many people don't
fonagel. act quickly. and are rewarded by Amencan
industry. Wite down your eal We free dis-
closure regisiration and initial consultation regard-
m!your ea’s polential vaiue. Call or wire without

lor‘)vour free information package AMER-
iCAN INVENTORS CORPORATION, 82 Broad
Strasl, Deft. RE, Wastlield, MA 01088, (413)

53. A fee based marketing company, Offices
caast o coasl

UHF CONVERTERS/SATELLITE
EQUIPMENT BY L.S.R. ENG.

CONVERTER kits with AGC and sound from TV

CR recordable): Deluxe Nl Sinewave, §79.95
woaden cabinet $12.50 extra), Digital ZFV.5 wd-
80 inversion (includes csbinet) $175.00, Sine-
wave adaplor ky ZFV-5 (video inversion) $49.95.
Adaptors for Deluxe 11 $45.55. Gated pulse
539.95. {(Newl) Sinewsve unjammer switchl
$19.95, S10p® Interierence. {(Newl} Antenne
blacking fliter! $19.95, siops broadcasting.
Sinewave IN-TV kits {LLF}, economy $39.95, DLX.
$49.95. 90%-assembled kits available, add 30%
to cost for assembly Aparimeni.sized sateliite
TVRO systern 5795.00, up to 136 ¢h., complately
assembled, tested uaranteed. 2 full years!
Cuantity discounts. Minimum order: 525.00.
Free shipping? Peyment: cashicrs check, money
order. Visa or MasterCrrd. L.5.R. ENGINEER.
ING, Depl. RE., Box 6075. Chicago IL 60680.
Orders 101l frec: 1{800) 432-1422. Information:
1-(312} 764-4330.
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HB-1110

ong LHe. low resistance
wide rangs contacts
atnccept combinatinns of
sistors, capacitors, diodes,
nsistors, . G.s, elc with (eads
om N2 - 032" or 20 - 29 AWG.
lear, sany-o~read-and-ideniity
ntact markings simplify layout,
ring and documentslion. Socke!
afe iabeled 1-to~ B4, and cofumns
marked A-10-E and F-10-J. Mating

5% sirip rows are labeied A-to-D and
sist of 25 conlacts each

Bold red and blua lines show witare
contact strips begin and end.

Finatty, we have n lull line of breadboard-
Ing squipment. from discrate sockets and
Busa strips to multi-board assembiios,
avallable at comparable lower-than-iow
=

Just {ook at all these EXTRAS buiftInto

wery HANDY test socke! and buss strip...

+ Tolal contect isbeling...
simpiifles circuit design/layout

+ Self-adhesive backing...for one-step
simpliifisd alignment and mounting

+ Full 9 14-Pin I.C. Cepacity

+ Expands both hortzontslly and
vertically...interlocks can't brean -+
or twis! off

s High lempersiure plestic housing...
to 80" C...no warping
or melting evert

» Prices slways up to 25" less than
other leading brands

Here's how lo order. ..

HANDY Sockets snd Buss Strips

Part Sockel Buss Ground Tk 14pin
Number Strips Sirips  Plate Folnts IC's Price

HB-0100 N/A 1 no 100 N/A 225
HB- 1000 1 N/A no 640 = 995

HB-1110 1 1 yes 740 9 11.95
HB-1210 1 2  yes 84D 9 1395
HANDY Breadboard Asaemblles

Part Socket Busa Binding Tile 14 pin

Number Sirips Stripa  Posts Folnts IC'm  Price
HB-2112 2 1 2 1380 18 24.95
HB-2312 V4 3 3 1980 18 31.00
HB-3514 3 5 4 2420 27 4795
HB-4714 4 7 4 3260 36 63.95

Mslf Ordwes: Plgass acd £3 (Canada & Int1add $8) 10 cover cosl of
shipping/andiing, Charge Corca’ (Min, 515 Please Include Acct No.

Exp Date, Bank MO (M/C only} and your signature  Checka: Drawn in
U.S. Dollars on U5, banks only. Connwchicut Resldenis: Add TW% SalesTax

L]

To order...call 1-800-34-HANDY
...charge with VISA or MasterCard .
All llems oft-the-sheil lar Immediste Shipment!

e

division ot RSP Electronics Corp.

s§ Park Drive » PO. Box 699 ¢ Branford, CT 0640¢
3600 & TWX: (810) 997-0684
15y Mail Box: 62537580 « CompuServe: T1346, 1070
I* = U8 and Canadian Distributor inquiries welcomed

-

IPERAY R i ’
CIRCLE 43 ON FREE INFORMATION CARG

WWWW.americanradiohistorv.comm
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1
B MODIFICATION
Increase channels. range, privacy! We spac.aiize

16-page catalog 52
CBC INTERNATIONAL. P.D, BOX 31500RE.
PHOENIX, AZ 85046 (602) $96-8700

CB EQUIPMENT

PALDMAR Pride elecironics—exciusive repair fa-
eili‘?. Service—update—mprovements on these
and simflar equipment. PALOMAR-PRIDE RE-
PAIR. 1320-4 Grand. San Marcos, CA 52069 {819)
744-0720

in fraQuency expanders, speech Processors, FM
converters, PLL & slider Iricks, how-10 books,
plans. kits Expert mail-inrepairs & conversions.

WANTED

INVENTIONS, idgas, new dproduas wanted for pre-
santation 10 indusiry and exhibition at natienal
1Bchnoleggf exposiion. Call I-800-528-6050. Ari-
z0na |-800-352-0458, X8

FAC TEC BOX OF FLECTRONKY C41a}
ltlﬂlmlmﬂml%[un. D) AT

APt B

OLD wbes: 2A3. 105, 458, 505, 805, 815, 211, 242.
845, VT-52. VT-62. WESTERN ELECTRIC EQUIP

L
: TH k) @l
Talia v ‘*t—"ﬁ"‘ ARES:

. ird
(=T Iy
31 00

HALHNO-ELEL | FUNILD

b

Lel5l
| #0.wox 7701
CHANEY DAOMVEN, COLORADO 1117
WTE TR AT
| gy Qg L] mabaﬂ L]
Y MY AT 5 Pauer muimily 57 0 toe pastam 000
¥ VikA M sscectes
" P v g et
| Sand R oo IR CHBOP F wrapet MR

CIRCLE 34 ON FREE INFORMATION CARD

nwr.v-d.‘l—x.!‘l_ . L L T T
FRTS i o MENTS (B18) 576-2642, Dawd. POB 832, M-Park,
e “__I' sawnt snpr=y i CA 91754

L5 S it | Er R SCANNERS

b . ¥ Tisaic Bimed b v pand 7

SCANNERS—discount prices Bearcat BC-100
$279 99; Bearcal 210XL $214.99. Bearcar 300
$335.99; Regancy MX3000 $186.99; JIL $X100
$138.99: JIL $X200 $269.99; Bearcal 20/20
$275.99; Spectrum radar getector $214.99; plus
$3.00 shipping Free discount catalog Lowest
prices €re On SCaNNErs, radar delecions, ma-
nné fadios, wo-way accesscories. SCANNER
WORLD, 10-RE New Scotland. Albany. NY 12208
(518) 436-9606.

HOME ROBOTS

BUILD your own personal robot. World's largest
supplier of kits, paris, publicalions. Catalog/pholos
£5 00 retundable. n Hardbook $10.00 ppd
ROBOT SHOP. Dept. 10, PO Box 582, Ef Toro, CA
92630.

APPLE SOFTWARE

ELECTRONICS made easy for Apple 11 users with
mentor, the theoratical crcut desn?n pack-
age. Excellent lelrnln? aid 1oo 5174.95,
ASMEYER ELECTRONIC DESIGN, INC., 5701
Prascott, Lincoin, NE 68506, {402) 483-2238.

ELECTRONICS, PHYSICS,
PSYCHIC PHENOMENA

PSYCHIC phencmena explalngd, leam 10 read
minds, develop a photographic mamaory and move
Nod $3.50. How U F.O5 work. produces spiraling
fines of elecincity, artiical gravity No.2 $3.50, How
10 Iransmute the elements, the secrets been around
since 1899 No.3 54.00, Prophecies of Nostradamus
cwrM 8?( propptzacles&rglwo showing the ,g;ﬂm of
the M_X_, gaxplains Al m m 5,
bestinterpretations around No“:glf? 00 Mm-
tromes kits, moduiated door lock, ruby crystal laser,
elecironit bug devices, Jus! a few. Free catalog Mo
COD, or ¢harge cards. Asd $2.00 postage, han-
dlmgéllIKE REILLY, 3520 SE 51h Ave , Cape Coral,
FL 33904.

DATE SAFE TALISMAN
TRADING & IND. INC.

5% diskelte box holds 50 diskettes only $15.99 two
530.00. inchudes shipping. 6.5 saies 1ax Calilormia
residents Send money order 5801 SLAVSON AVE-
NUE, Suite 212, Cutver City, CA 90230.

NEW ORLEANS AND WM. B. ALLEN

UP TO
25% OFF

LARGEST FULL LINE INVENTORY OF

HAND HELD METERS

FOR EXAMPLE
FLUKE 73 $.75
FLUKE 75.- e
FLUKETT ..........cco0e-. o3 115
FLUKE B020B e e 3170
FLUKEBO21B— 8139
FLUKE 80228 $128
[ RTLT: 0 L) P—— | |
SOAR SX220 ...........occvmimannnen-$ 22
SOAR MESAD ...........mmmmammn$ 44

1

WM. B. ALLEN SUPPLY CO.

ALLEN SQUARE
300 BLOCK NORTH RAMPART. NEw ORLEANS, LA 70112

AS CLOSE AS YOUR

TELEPHONE

CALL TOLL FREE FOR
SAME DAY SHIPMENT ON

DISCOUNT PRICED
TEST EQUIPMENT

18 LEADING MANUFACTURERS IN
INSTRAUMENTATION INCLUDING
HUNTRON 2

CIACLE & ON FRFF INFORMATION CARD

WWWwW americanradiohistory comm

UP TO

28.5% OFF

ON
HITACHI SCOPES

SAVE UP TO $a80
¥212 . 20w (SAVE $164). .3 451
V222 .. aner (SAVE $191)..8 524
V422 .. aoweir (SAVE $24B). .5 879
VB50F . comey {SAVE $257..% 938
V208 .. Xowec (SAVE $250), .5 892
Y1050F 1000w (SAVE $343). 51252
V089 Verwraope{SAVE 3480). . $1204
V099 . wawiorm (SAVE $458). .8 882
All Prices Include FREE $50 Probe

CALL TOLL FREE

800 535-9593

LOUISIANA 800 462-9520
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WE HAVE QUALITY PARTS. DISCOUNT PRICES AND FAST SHIPPING!

RANSFORMERS|hs-232 !/!mmou

LQYCTEI2 aep

.
G LIME COMMECTED,

25 MaLF TO FEMALE.
10 FEET SeufLDeD.
B11.08 CAO

LitEs 1 THeCH 3 3 20,

MIKE
CONNECTOR

®

5 CONDUCTOR - LINE PLLG

7 CONDUCTOR
RIBBON CABLE

MULTI-
SWITCHES

WALL
TRANSFORMER

ALL ARE 115 YAC %

"
3508
1.0
B
.00

AVDC @ 7O MA

BYDC @ 100 Ma
BYDC & 500 WA
15 VAC 8 300 MA
WAWC D 0w
17 WAL @ 500 A

3 STATION
NONJNTERLOCKING

§ EACH OPERATES

1" BETWEEN

MO TG CENTERS

SLTBEACH

5 STATION
INTERLOCKING

t

SWITCHES DM FUALLY

SPRING LEVER
TERM!NALS
L‘hu. sruum

Twp CCLOR

856 -

TERMINALS Q g
uuturt rurt

GREAT FOR $PEARLR ENCLOSURES
Of POWER PP ES

$1.00 EACH  T0r0A W0

MTERLOCK NG ASSEMALY
3" BETWEEN
MOUNTING CENTERS
$2.80 EACH

5 STATION
NON-INTERLOCKING

3-3P0T SWTTCHES

0-15 V.0.C.

™IS 2.4
SOUARE METER
M ASURE:

SUB-MINIATURE
D TYPE
CONNECTOR

SOLDER TrPL SUB MINIATURE
COMNECTORS USLD FON
COMPUTER uPrs

DB-15 PLUG

“PARALLEL"
PRINTER
CONNECTOR

2 CHANNEL LIGHT OHGAN

EASILY HOOKS INTO STEREC SPEaxERS
AND ALLOWS 110 VAC LIGHTS TO DANCE
WITH MUSHS. TWO SEPARAYE 110 YAC
OUTPUTEF OAHIGH AND LOW FREQUENCY
AUDIC SIGHALS USE TWO OAGANS FORA

STERED
.50 PER UNIT

COLOA LIGHT STRING AYAILABLEST.TSHA

FREE! FREE! FREE!

LINE CORDS
-]
TWO WIRE
£ 18pe TWO WIRE
3 FOA 51.00
THREE WIRE
19 INCH 18gs THALE WINE
2 i108
B FOOT 18ga THAEE WIRE
T 5200 EACM

SOLDERING
fRON STAND

ASSEMBLY

5 KEY
.00
£ACH

CONTAINS B SINGLE.POLE
AORAMALLY OPEN EWNTCHES

—-tD MArR[R

SS"DMNI.I.HWF‘I_I

COMMUNICATION
MICROPHONE

MLWE B STYLE ssE Wi1r
PUSHES PO T SnTCH
$5.00 EACH

“SPECIAL PRICE*"

8 TRACK RECORD/PLAY TAPE DECK

8 TRACK RECORD wiTN AUTOD STOP. NOT FULLY FUNC
PROBLEMS IDEAL FOR P VEARH DT Comart

R NIT CONTAINS
SWITCHES. LIGHTS. TAPE MOTOR, BELY, WNEELS
PULLEYS, PRE AMPS, TAPE HEADS, ETC.

$4.00 EACH
10 tor £3%.00

2K 1O TURN

MULTI TURN POT

., SPECTROL
w P 40D a7 181
$5.00 EACH

EDGE

PUSHBUTTON
POWER SWITCH.
h s

A

CDUBLE POLL POWER SWITCH
PUSH O PUSH DI ¢
$1.00 EACH

CONNECTORS
TR,

W uiri B FPE I A T R

ALL AFE 134° SPACING

10 PIN EDGE
CONNECTOR
o =50 10A S0 $2.00 EACM

NEON W/ RESISTOR
DmEcT

R A TION

Thor H.00 rROM 170 VOLT

18/36 GOLD
SOLDER EYELET $2.00 EACH

/44 TIN
PC STRE

MINI-PUSH BUTTON
SPST wOMENTARY
NORMALLY OPEN
T BUSkr
100 FOA $30 00
SPECIFY COLOR
AED BLACK wiilTE
GREEM YELLOW
=" S1AR SSMA 6
®:
TTL LOoweatiBLL
i $1.00 EACH
bf 13 FOR £5 00

#

{

NO MCUMT NG E
SLA0EACH 'WFORS1am0

120V INDICATOR

MEON INDICATOR RATED
1Y 1AW MOUNTS IN
18" HOLE RBED LENS
T EACH
W0 FOR 7 00

SEND FOR

MEASURES 3 347 LONG
8 KEY
s
LACH
——

CONTAINS 0 SINGLE-POLE
HORAMALLY OPEN SWITCHES
MEASIRES 4 t/4* LONG

TRANSISTORS

I §9.08
4 T1OR
1w 11.00
4 bor §1.00
4 Hm
A 3100

mrns
oD

| $8.00 EACH 7 rOX $1500

BATTERY
OPERATED

SMOKE DE omcmnﬂ

RELAYS

MINIATURE

6 VOC RELAY
T SUPER SKALL
SPOT RELAY,
GOLD COBALT

CONTACTS

RATED 1 AMFP AT 3 YDC.
HIGHLY BENSITIVE. TTL
DIRECT ORIVE POSSIBLE
OPERATES rROW 43 TO
& ¥, COlL RES 20 O

138 = yaay - far
ARCOMAT 1 ASD-3v

SIMEACH W FrOAIN

(@

B MODEL- a?‘)l

9 WouT BATTERY 0P RATION
FOR CEILING DR yeaLL MOUNT

13 ¥DC RELAY

100 FOR $84 0

48 PAGE CA

COMPUTER
GRADE

CAPACITORS
2,000 mid 200 vDC
14T (HA = 57 HIGH
3.800 mid. A0 ¥DEC
TR DA -3V eHIGH 5100

5.400 mig. 60 vDC

$2.00

22/44 GOLD

$2.00 EACH
BCSTYLE  Srontiant
28758 GOLD

20:% GOLD Plllle rrs
156 COMTACT SPRE

$2.50 EACH IOFD’ 2100

TALOG FREE!
SLIDE | POTS

100K Nnear tape

27 LOWG

159" TRAVEL  Te4 BACH
S00K linaar taper

278" LONG

134" TRAVEL  The BACH
DUAL 100K audio taper
3 1/2° LONG

2 1/2° TRAVEL S1.88 BACH

SWITCHES
e EACH
0 FOA §3 28
SOLID STATE
r 7. BUZZER
SOLID STATE
. RELAY

HEIRE wds N ELEOTRC
AT SR AT AP
SOMTAGL 4 5TYDC

LOAD [ATVAC 4 AUPS

FREE! FREE!

L.E.D.'S
STANDARD JUMBO
DIFFUSED
L] 10 FOR 5156

GAEEN 10 FOR 5260
YELLOW 10 FOR 200

FLASHER LED
$ VOLT DPERATION
M “neo someo size
$1.00 EACH

Bl POLAR LED

1AW DIA - 4t HIGH
22,000 mid. 4G VDG
DA . AT RIGH

31,008 mfd. 15 YDC
1174 DA« AT HHOW

$250

§2.50

CRYSTALS

CASE 3TYLE HCY3 L

2 MHZ T 548 KC
BLB0 EACH | $1.00 EACH

20N S 70
SUB MINI LED
or . os

RED 10 FOR $1.00
200 FO# 11800

72,000 mid. 15 ¥DC
2O - ¥EHGH

185.000 mid. § ¥DC
2 VT DA - 41/ HGH

$3.50
$1.50

CLAMPE YO FIV £ APACTTORE v we

METAL OXID
VARISTOR
GE s VO2ZAT2

50 VOLTS NOMMAL DO
YOLTAGE 5% DIAmETER

GREEN 10 FOR §150

LED HOLDERS

TWO PIECE HOLDER
FOR JUMBO LED = @
200 FOR $10 08

2 FON 188

CONTACT SPHNE
10 AMP B 120 vAC
ENERGIZE COlL TO
CPEN CONTACT
Lok 13 ¥DC 850 OHms
SPECIAL PRICE $1.00 EACH

POWER SUPPLY W/ PRE-AMP

THIS SUPPLY WAS SED TO POWER
AN B TRACK/CASSETTE UNIT IT

WILL SUPPLY APPROX 18 VDC anC

b iNCLUDES A SnialLL PRE.AMP TO
BOOST 2IGMAL

L= ]

LEVEL
PLUGE FOR LINE IN/OUT

7TOLL FREE ORDEAS DNLY

1800 B36-5432
10RDER ONLY]

1M CALIFORNIA 1-800-258 s68b|

ALASE A, HAWAI
ORINFORMATION
1213} 300 HOOO

905 5. Yermonl Ave.

4 PDT RELAY

+ 14 pin aTyle
= 3 amP comacts
ML O
170 volt pg codl
= Liyed bl Fuly 1rated
$1.70 EACH
spatily tod vollage
LARMGE DUANTITIES AvAIL ABLE
BOCEATE PO Bl kv 00 i

PO

CIRCLE 12 ON FREE |

\NV/WWW amer!

BOX 20406

MINIATURE TOGGLE SWITCHES

ALL ARE RATED 5 AMPS @ 124 VAC

5.P.O.T.

{on-on)
¢ STTLE
WO TeemEAD |

™ EAlH
10 FOM B2 00

SPD.T.
lan-ot1-on}

11 aacH 3o
om0l |

Los Angeies. Cabl

NFORMATION CARD

1canradiohistory comm

5.P.D.T.
[on-on)

1M FOA 80
5.P.D.

[on-on)
L LLGY

SPD.T.
fon-oft-on}
FOLOER LUG
TEAMimaL S
L gaCH
10908 1000

00 9 OA 00 00

D.P.OD.T.
fon-on)

$04 DR LARD
TEmuamars |

T.

1A RACH
W FOA b8 G0
100 FOM § Y0 00

MAKT | fO Ak FRMIT

10 FOR 63¢
CLEAR CLIPLITE
HOLDER
INLHCATOR (1EAF

et Br

PHOTO-FLASH
CAPACITORS
170 MFD 330 _\"OI.T
1 FOA SI.I: :o‘loa 7

?50 MFD 330 VOLT
T HIGH « t v Dk

susucn 10 FOA §11 00

QUANTIITEs (IMITED
MiNiMUM CROER 510.0) SmiEm
USA %250 SHIPPING

\
50006

CALIF

FOREIGN ORDERS
INCLUDE SUFFICIENT
S5HIPPING

-

AES. ADD & 119%

HO C 0.0

ORI LI AMNK

=
=
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Commodore

RS232 ADAPTER FOR
VIC-20 AND COMMODORE 64

e

JEZIZCM.

- & ©

The JEZXICM sliows. conrciion of standar weriel REZY
Braierh, ireoCHnTve, MG 50 YOUr VIC-20 and C-84. A 1-pole
mmmmdmammm

» PRUgA 0 U Fort m.mum&zw
N - Liaee B S5nam (Transmd, Racebs. CHF i Send,
Faguey 15 Send, Dula Terminel Mendy Dats Set Ready),

.$39.95

VOICE SYNTHESIZER
FOR APPLE AND COMMODORE

Wiz,
Oraion

JES20IAP

lﬁ‘m
TRL x 3% x -3

AFRXCATION ¢ Socuhy Suruiag ¢

FatBe Dessrgsen
JESZOLM  For Commagers b4 8 ¥K-20 . 517495
JESZOAP  Fur Mavie B, o . vud ifa $149.95

ProModem 1200

Intelligent 300/1200 Baud
Teiephone Modem with
_Real Time Clock/Calendar
The Probiodem™ i & Bl 21 2A 300/ 1 200 baud) it
gt stand.wone moden - Full isstured sxpendabis
modem - Stancerd etures M.lh Ao Ar w80

Misumi 54-Kay Unencoded
Al-Purpose Keyboard

Fiberoptics
EW! The EDU-LINK Learning Kit

nuEI‘JJ-Lu;l-betmmn
o low-cont, TTL mmu
Bykbam
mnmww
Ior Mucents Bnd sreaern work.
g N Ay Serpnt NOUNTHE
ncluded: irarsmilier PCB. & -
cahvr PCB, one moter ol plashc
mm“ﬂmmmw
il runrchwary + Comi
mdm«mmwmmoum

ELK-1.....ONLY $19.95
APPLE ACCESSORIES
F 5% APPLE™
Direct Plug-In
Compatible Disk Drive
and Controller Card
The ADO-574 Disk Drive ysee
Shugert SATS0 mechancs 143K
!o&mwmd::nw M;‘:';s Iracks
b & ACIC-N Controder - Th drive
ey COMTIpEEW wlh CONNACION BN CabW = st

ohug
G yout disk controlier omnd Size 4L x TR W I
A6 . WM ah e

."

TRANS ACTIOH TECHNOLOGY, INC.

SVDC @ 1 AMP Regulsted Power Supply
wﬂmoll—m-mw WA 1 14WAC, 43 Fr

Tan-jong Rinch gy E-pacinl SUNP - 4 oot 1-concucin Blieh
—ulll [ N L TEad FT N “Sh

P351154 51495

P

—-—

JEG664 EPROM PROGRAMMER
8K lo 64K EPROMS _. 24 & 28 Pin Pachages
Comphiily o8 Cotiptin] — Bogerst By Al Dywown Iy i
+ Pagrams el upiniming UPRCRL - Dk t proosy il [Py
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i choy i 1R i iy Pl s i SR s il iy e o i

ol
JEBEA-A i Propummr, . 599500
Sasrmied  Toutmt Wrohctve MM et

TN - T ST T — Ty WETEY. Mty e S
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Fower/Mate Corp. AEGULATED POWER SUPPLY

* gt 105~ 1203 10- 750 WAC il 470 iz - Liney regrasion -0 (5% » Trwes
A Aty m W& mcograed * CBA corsles
P ] W Peww

EMALAER  valiavilll bA I\'lllﬂ.h'ﬂ

Tod KI9B5
EMASAC  SYBaAIvaM  SNLa4W WM e RS

mmmmcoum oo e uwm
- &

;::‘-nm % ey e Yppy gt B s
[ W NILAWRE A FF T R E Y

PEOAWDRS . 0. .. eeina il pise . 53495
KEPCO/TDK 4-OUTPUT SWITCHING POWER SUPPLY

ld-lh M&muuhul mw
18 °|ﬂ' |7\I‘ L 05 l.l m.l 0‘0:3:':
”?\1. .a.:mnu L ﬂ TR
MAM ITORF. .ol iaeas- 55905

POWER PAC INC. REGULATED POWER SUPPLY
i +5W0E 811 Amon. - SV0E @ 1 Ao,

+ PRl iy SO TR

+1IvYDC @ T Awpa. -1 TYDC @ 05 A o o:'aw-colmu
ol i - Siow 12%0 £ AW 4% H - Wikight 17 Ba - Spwc inol
[y i o BATSSEH S L . $£9.95

m PNITCHING POWER SUPPLY

i, Suschont
ww ot 90-1 XnRC, 4 7-3A0N . nw-cca
mccu,nm.m VD 8 TA + Lisey rpoinlions * 0 P +

* V% 1 Durcaseiy IS o el 5 main
Tz 1%W 2 415718 - Baght 1% oy

.369-95 sach

ADD-534 (Disk Derve). ... ... ..... $179.95
ACC-1 {Controller Card}, . . ...... 5 4395
Also Available. ..

JEBGA 180 Col 4+ 64K Rk ke Mot .. . .. § 99.95
JEG 14 tHumaric/Aux. Karypad lor dy). . . .. $ 59495
FOS1APC tAppie Compmt % .ta Drivel, .. . 5189.95
E DbusTRIES Protect Yoursell..

DATASHIELD"

Surge Protector

DATASHIELD®
Back-Up
Power Source

o mhan 1oy e § blach oul
v el + Ontpadl 200 At + Sex
Pl wmrrardy - Yeaeght 14 B

PC200 {(Model 200). $299.95

For ERprg GMMANENG EyhlmTe {yg with Rars dishel
+ Onstpert reliragr 300 wetts

XFA0.  oivrininirniniiias . $399.95

I1BM MEMORY EXPANSION KIT
COMPAQ COMPATIBILITY

SAVE HUNDREDS QF 555 BY UPGRADING
MEMORY BOARDS YOURSELF!

Shpot ot pipler mEmRETy Ik vy St pou 40 Silal g peliiipnal
i 1hin 1EIE ar 230K Tie UDiagdn LN Wi piniolit s dhagen ety
W gar Dy i, g 1M 5 S v el — L bt Sy
i G A cRp T e s v A SOt P g S
o e, Dona vl S mpialiedl

.543.95

IBMBAK (Mine 20001 GAK RAMS}
TRS-80 MEMORY EXPRINSINN KIT
TRS-80 to 16K, 32K, or 48K

“cMadsl 1 = From &X (0 135 Reguren {1] Do KB
Mutst ] o From 4K !4 40K Rogoaan [3) Thees KBS
Coiw o From 4K i 10K Regwren [1) One KR

“ i | BT D hpatemn Frerd v 5 A D e gl
= Sl W et W W e
TRS-16K] 70041 for Cokor & Mode! Il - $8485
TRE- 1004 *258p0 Tor Mhoce! | $6.85

Eny 10 el bty Corturd COMpRatE mith B s 41842 (2000 K
mmwmm Corvarts TRE-00
weett 0, €. ET F wnd WG coroud Bl b 300

Switching M Supply for APPLE I, B+ & He™
- Can ciive lour SOODY disk Srrves and up 1o MGt supenkon et
* Short circuit and Sveriond of checton * Fits Inelte ADpie Compuier

nmm«nmnmmlhm Plax DOS o Q-8

cocraced 1 e Soll 4K AN on Bl oMU
TRS-EAKZ .. . 538.95

- Fully reguliped 5V 8 DA, 412V @ 1.5A, SV 8 A 12V 8 SA
» Diret! DG poreer 0oNY includied - Size- 9% £ I W x 2w H
« Waight 2 i

KHPAQOT. .. ... P rasaarrsarasraanann $59.95

UV-EPROM Eraser

» Chips — 51 Wil A

F10.00 Miimom Order — 1.8, Furds Ondy Stwmis — 300 wach
Calitomis Aesidenis Add 45 % Sake Tez Sand $1.00 Ml?gomr
= Add 3% plut 3150 Indwrence FREE 194 JAM, TaLOG
SE tor Monthiy Sehen Firer! Prices Subpect 10 Change

1355 SHOREWAY ROAD, BELMONT, CA 84002
= InMPHONE QRDERS WELCOME — {115) 592-8097 Talex: 176043

S

lChio—lrlﬂfmu

Lrwppy Trish, 108 IFEL TP MR B3, B Drvess 59 iy | sligy
bl £ It {1 O I N7 it SNAALAM ok Lndnl i fulbtd

Bl i AR b=
L RTR 5 1. Commpiuta wili Sebiifing iy i T iugen.

DE-4 uv. raser ...*79.95
UV-EPROM E ..““d

UVS-11EL Replacemani Bulb
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PARTIAL LISTING ONLY- PLEASE CALL OR WRITE FOR FREE CATALOG.
STATIC RAMS 74LS00

2112 2584 (450nm} FaL500 L TALS 18T

2114 10Zaxd (450ns) FALSOY . TALS 158

2114-25 102454 (250na) T4L202 T4L8180

211444 1024x4 (4B0nal{LP) FALS03 . F4L5181

211aL-3 1024x4 (300na)(LP) FaL %04 b FALS 183
2114L-2 102dxd (200nsliLP) F4L505
TMMZ018.200 2048x8 (200na) T4LEOA
TMM2018.150 2048x8 (150nws) 741509
TMMZ0N16.100 2043:8 {100na) T4LE10
HmB118.4 204853 (20Dnu)(cmas) FaLS 11
HME118.3 204Bx8 (180ns}lcmos) . F4LEN2
HME8118LP-4 2048xd [2D0maHocmos)[LP) 3 FaLs1)
HME118LP.Y  2048:x8 [160nsHcmonlILP) ; TaLS14
HME284P. 15  B8192x8 [150nsHcmoslLP) - F4L520
LP " Low Power 3 F4LS21
T4LE2S
DYNAMIC RAMS 741527
. FJaL532
4116-250 163841 (2500} - T4L532

‘1‘:-223 'Igg:ln‘l =zggﬂl= ‘12, g & T4LEDT 5

a118.1 1 ax1 {150ns . FaL31A - FaLEZ242

4184 200 65538x1 [(200nsHSv) . D|SK CONTR F4LS40 F41L5243

41684150 #5536x1 [150nah{Bv) i - 1771 16.95 TaL542 F4LS 244

TMS4184 G65538x1 [150nsHSv) : 5 :;;; g:g: T4LSAT TALE245

Bv * £ingIv 8 VoIt Supnly ; 1 2 F4L351 74LS 251

. UPDTES 39 485 ?‘L:;: - F4L5253

T4L T4LE25 T

EPROMS §259 . INTERFACE F4LS75 X TaALS 258

102458 [(450ns} . 8T28 1.69 74L876 7418259

204Bx8 [450ns}{Bv) . t ST2E 1.98 TALEES 5 TALS 260

20488 (350nsHBv) - DMATI 295 74L888 7415288

4094 x8 uson-lw-a . . DPAI04 288 7415%0 : T4LE279

42;:.: [go-n 15wl i CHIPS F4LSS2 'ul..szsg

4 | 250ns|iBv) B g F4L59) F FALE2A

40988 1200nsliBv) . CLOCK P F4LE107 5 T41L52580

4036u8 (280nu|{Sv){21vPGM} . . MM5I14 4.95 74L5109 g F4LS5293

4098«B (200nsHBvIZ1vPGM] MM5I69 J.9% T4LS112 b T4LS5299

B192x8 (450nKKSv) . MMSH167 12.95 74L5122 . FaL$323

2192x8 {gsgm::s\r: MSM5832 1.95 ?4;21? 4 7415365

BE192xB 0Onak5y, F4L5124 5 F4LS5IET

16284x8 (300nsiSv) ; - DATA ACQ FALS128 . 7415308

Sv * Singls 8 Voit Supply . ADCU804 . ;:'L-gg; - ;::::g;i

21vPGM * Program at 21 Volta 2
L “ 280810/0 1195 ADCos0s 3 FaLS136 . 74L5377

SPECTRONICS CORPORATION 4.0 Mhz BACOSDS F4LS13E | 7408230

ZAOA.CPU MC1408LE 3 7415139 7415393

EPROM ERASERS ZaDA.CTC :;g FALE145 TF4LS840

Z80A-DART 994 TF4L5143 G TF4LS545

Chip intensity I80A.P10 4.49 FALS151 " F4LSE70

Thmar Capacity  [uW./Cmi) 280A-510/0 1296 . F4L5153 " 7415582
9

o i
bwiwDwnwewe
RN RO AR NN

2,000 83.00 F4LS154 7415638
& 8.000 119.00 6.0 Mhz : FALS 155 s1L595

9 9,600 176.00, 2808 CPL 495 3 F4L5158 25082521

7400 ok Kk HIBH TECH % % % %
R -_ 41256 oAt I
74100 B g *PIN COMPATABLE WITH 41684
74107 . *LOW POWER CONSUMPTION:
74116 . IEOMW ACTIVE
74121 2 . 23mw STANDBY
74122 ] *FASTI 150.200ns VERSIONS

AVAILABLE
I 5on- Z 00 n l

UARTS

AYE.101]
AYI-101%
TR1602
2851
Im8402

BIT-RATE
GENERATORS
1135
1235
10.35
1135

2. 768 Khs

-
w i
%o

bl e
- ww
-2

AARRAARARRRRRY

T4185
74168
F4173
Fa174
T4176
T410%
Fa192
74153
Fa4194
74259
14387
Falan
74393

UISIT OUR IIEW E)(PMIDED RETAIL STORE AT 1256 SOUTH BASCOM IH SAN JOSE
HOURS: M-W-F, 95  T-TH. 9-9 sal.. 103
= = LEASE USE YOUR CUSTOMER NUMBER wHEN ORDERING
JDR MlcrOdewceS !:!l“!i' Mimmum Ocder 110 For shiPping snd handing inciude
1224 S, Bascom Avenue, San Jose, CA 95128 mr,‘:.'ﬁzf;;.".;.mﬁ:;&g.a:..-.:;
800-538-5000 » 800-662-6279 (CA) AL B kot Toas B 27 Arve Sredl Ay wiabert 100 s Pct e
(408) 995-5430 ¢ Telex 171-110 IYPogeSBnica arrars We resares ¢ g 1o Hont Quomet $nd 10

FAX (408) 275_841 5 aubatiiute manulsCliure: Al merchandias aub$Ct 10 pride Like

= Copyright 1904 JOR Microdevicrs
CIRCLE 74 OM FREE INFORAMATION CARD

MC3470 495
AY5-3600PR0 1196
HD425055P 15.9%
CRTS027 19.5%

AN 1N A A A
(V- RT-N. NP T T T

)
e
I
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PARTIAL LISTING ONLY- PLEASE CALL OR WRITE FOR FREE CATALOG.

CAPACITORS ACCESORIES & PERIPHERALS
ELECTROLYTIC FOR IBM BARGAIN HUNTERS CORNER

Banial SXhAL MAXIMIZER Mermory Multifunction 259.95 FLOHY SALE
ATur Sov . 10 S0v . HAYES SMARTMODEM 1200B 419.95 FI200-8 vt 5.00
10 50w . 22 18+ . PC PEACOCK Color Dinplay Adaptor 239.95 = Manutsctured by Siemens w! wramranly
47 35v . 47 50+ 130W POWER 5UPPLY 175 00 * B~ Doublg tided, doubis denaify,
100 16v . WG I PROTOTYPE CARD 27.95 * Manualincheded
220 35v . 150 28w PROTOTYPE CARD wirh Decoding 29 95 * HEW {not aurpiuil . sald By oThe

50v MONOLITHIC FOR APPLE MP-B52 e i 3.95

Dhut L4 1 B * Manoteciu: «d by MP1 o/ 90 M
‘047 15 a7 JDR 16K RAM CARD 19.95 « $%° DSDD. bylte: than Tesdon

S {7 BALS00 . Giux Uria. Teae techarfu 169 95 * NEW (el il a3 3ok by o -
v MITA -1 Full Height, Bhegart Mechanism 179,95 s
or o5 [l Disx ConTrOLLER CARD 23 ll S Eemumise " Frangs
5680 3 OMNIGRAPH Parattel Graphece Card 79.95 « 104 Apple compatible IE*
&80 . VIEWMAX B0 80 Coumn For Apphe 11 159.85 * Full LTEAR WARRANTY
820 . VIEWMAX B0 850 Cokwmn For Apple I:n 12995 DISKETTES'

-gg:;' . THUNDERCLOCK Ol PRODGS Clock 129.95 NASHUA $5/00 wiTH NUB RING o
? : KRAFT JOYSTICK 39.95 VERBATIM DATALIFE US/DD $23 95
60W POWER SUPPLY 49 95

MISCELLANEOQOUS SPECIALS END %1/30/84

ZENITH ZVM-123 15 MH: Gresn Monior 105.00

NEC JR12011 M 20 MH: Graen Monttor 189 00 r
SPECIALS ON BYPASS CAPS BMC BM-AUS191U Coma 12 Color Moniter  279.00 5% DISK DRIVES
St et BMC BX.80 PRINTER 249.00 TANDON TM100-2 DS/DD 199.00
o o 0 NASHUA DISKETTES 5/30 oz of 10 19.95 SHUGART S5A400L  S5/DD  199.95
o ey 100/12.00 VERBATIM DATALUIFE DISKETTES og/00 3495 MFI B52 D5/DD  139.95
Nl mong 50v  100/18.00 DISKETTE FILE Hoida 70 Dishattes b JEAC FDS5B % Hi1. DS/DD 159.00

TEAC FDSS5F Vi Ht. DS/Quusd 200.00

IC SOCKETS/DIP CONNECTORS 8" DISK DRIVES
| LOW PROFILE 1 LEVEL T TEXTOOL [componenT PLUG 2:5:5:2 ngﬁjg g:;gg :Eggg

__SOLDERTAIL ZEAD INSERTION | CARRIES
3. sspca.nons.ap“ %:.f Eﬁm, ZiFay ICCra

2 _ 13 = SWITCHING POWER SUPPLIES

A7 r | i ’ 5 ] KBGO,/ TON ASTEC

. - 2 == MODEL MRM174KF MODEL AA11190
Y @ 5A -5V @ 4A
+12¥ (@ 2A +12V (@ 254
12V @ 2.8A SV @ 25A
M2V @ BA 2V @ .30A

v

'%khlnbiﬁ':!-'

I o e

IDC CONNECTORS
o LIGHT EMITTING DICDES

[ T |
DESCRIPTION ORDER_." ‘zi JUMBO DISPLAYS
Jll-lﬂl ‘&HLRS-KH oEan 159 100up  MAN.72 CA 3" 9%
RIBsUN cUwE CA IDCxn | 2.3 2.8 3. : 3 RED 10 09 MAN-74 CC 3" 99
DADERING INSTRUCTIONS: lnun the number of contacts in the Poslilon merked “"ux’ of GREEN 18 A% FND-500 CC 5 149
the “ordar by" parl number listed, EXMAMPLE: & 20 pin ribbon adge card would be 10E 20. YELLOW 18 .15 FND.507 CA B 149

D-SUBMINIATURE TRANSISTORS

CONTALTS . 282222 28 PN2907
DESCRIFTION ] OROER BY — 2 PND2222 30 283058

T ; 5% 1 2NZ908 50 2M3904
SOLDER CUPS = : IN2907 25  2N21306
AT ARGLE WALE | DBxnPh . n " ICL7107 3
| eCSoLOER  FEMALE = £ 13 ; L7680 : DISCRETE
IBC LY} 1 . - 3
RIBHON CABLE FEMALE | B - " r DIP SWITCHES 5.1v zanat

12.0v zenar
HOOQDS

4 position . 11 N314} awilching
- - i position s A00GPIV rectilisr

MOUNTING HAROWARE $1. 00 7 poastian 5 200PIV 1.5a bridge

FOR OADERING INSTAUCTIONS. SEE IDC CONN. ABOVE. ¥ posrtion s OFTO-ISOLATOR

RIBBON CABLE VOLTAGE

sumon_;_comn_ﬁf‘ REGULATORS . 45 4085 4
e |!;_g —l'"ar1 B0ST 75 79IST  BE ; : ass

58 B0 A5 7305K  1.3% h 4584
E 38 112.10 2.80 'u“ﬂzzoo 75 78MHOSK 9.95 29 74C00
B T8IIK 1. . 28 74C04

7aC14

. ! , 85 74C74
36 PIN CENTRONICS : : , 74C908 9%
CEN3c MALE SOLDER CUP ? 3 i : 74C922 4.49
IDCEN3IG MALE RIBBON CABLE A |5 F4C923 495
{OCENIGF FEMALE RISEON CABLE C.T T0-220. X TO-3.L TO-32 ) ] A9 74C326 7.95

.Just a note to extend my apprecia-
tion for the exgellent service onmy first ORDER Tnll FREE
order from your ¢ompany. %
Plagedorderby B001line...andaveryhelp- 800_538_5000 =
ful young lady got everything right el
Thanks for the good service o
Relient K. Boibidze 800'662'6279 2
b1z
(CALIFORNIA RESIOENTS) e

© Copyngh 1984 JOR MICrodsviCas
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RADIO-ELECTRONICS

A"
-k

( ACTIVE

CONVERTERS RECEIVING
AND ANTENNA
DESCRAMBLERS Gives excellent reception,
* JERROLD 90 KHz to 30 MHz.
New MFJ-1024 Actl Recaivl
* OA K I teo mounts outdcoo:: aw‘ac-,r frr?rg
olea:itrical nolllset!or m;glmu;n;ﬂlgnal_ Nw roiresn St el
] ves excellen optlon © K
¥ ZENlTH | ::m33 tzst'gnalsl.“Equnglent tosw::: the “Study Guide for
reds of fest long. Use any SWL.
* MVY, ' s tha Associate—Laval CET
HAMLIN RPN B 1os" (rom tha Intemetional
* in. whip. 50 foot coax. 20 dB artenuator Soclety of Certitied Electronics
SC|E NT'F'C (PR SEBMIRH ll Techniclens. It Includes materiet
ATLANTA g acEtIg!RanIenl'la. Gaérlzr;untru}. EN covaring tha most often missad
LED. Remoté unit, 3x2x4 In, Control
e questions on the Assoclate CET
* SATELLITE px2x5in SIZKDC %,;Jngr‘:ga;'e‘ﬂ Exam. 8%" x 11", paperback,
DESCRAMBLERS !;F_i%'zg ve | R CERTlFlED!
* CABLE KIT 5 T
LOW PRICES Order from MFJ and try R. If not delighted,
return within 3 days 1 fund {l hi n Send check to ISCET, 2708 W,
QUANTITY DISCOUNTS| | “ona yorumondhona quarass: © > | | arey st et wortn, Tx 76105,
today. | TOLL -B47- 3
SEND $5.00 FOR CATALOG cnarﬂz'v.“si?’mé.'m mall check. money orcer | | Name___
R & M DISTRIBUTORS Write lor free catalog. Over 100 products Addreas
PO BOX 266-R CALL TOLL FREE B00-647-1800 City il
Call 601-323-5869 In Miss., outside continental
Bo(g.g“é#_gsoazg 20 USA. tech/order/repalr info. TELEX 53-45%0 s"t'c'o o 05':.' >
ENTERPRISES, RN e
15~ & INCORPORATED Send material about ISCET
k) e becoming certified.
= | \_Box 494, Mississippi State, MS 39782 J s
CIRCLE 83 ON FREE INFORMATION CARD CIRCLE 66 ON FREE INFORMATION CARD
ity yalcs MICROWAVE TV ANTENNA SYSTEMS
INELWO . HAICS ¢ Inc.

GRAND OPENING Freq. 2.1 to 2.6 GHz - 34 db Gain +

COMPLETE SYSTEMS

RETAIL STORE | [as Pictured)

Commercial 40"

"THOUSANDS OF ITEMS IN STOCK" i ™~ : Rﬂt:jolswzlz%" $ 99.95
- 3 « Parabolic
DELUXE PARTS ASSORTMENTS ' ' Dish Style  § 79.95
1 Asvisiors & Tompon =3 Capaciane B a5 ICy, Sockeis. & Semi s . Bn M Pn N EN T S
B e o R vl - Down Converters
E:’?ef;;}:'u;azig Z?:ﬁ&é&?ﬁ%:u Eié:%%?«? % FIVE Y:E-ﬂR WARRANTY P{]ng:hsll};f:ﬁls a5
ST S St AT PARTS & LABOR (1210 16Y) § 24.95
TN | 113042 107008 < o Data Info [Plans}S 995
I.lo‘n:klh:.l‘-;?m' u‘{:::i:;n‘?‘ua _— hﬁﬂ: n::.;;"m A CﬁLL UH meE FUH
L T AR gyl S e X e - K Es o THOLUDUAL
A - . A | COMEONENTS
495 on 1044800 125 op TOIO00 nute ¥ PG3-174 maich- :: 3 - We Repair All Types Down

g I ansboimas w/mat
$5.95 e, 10/S7.50

Convertors & Power Supplies

Phillips-Tech

Electronics
PO. Box 34772
Phoenix. AZ 85067
(602) 967-6972
Special Quantily Pricing
Oealers Wanted

b EX
PSA
—

CIRCLE 28 ON FREE INFORMATION CARD

Y
Net worl,
Sales. inc.
80 TURNER AVE.
ELK GROVE VILLAGE, IL. 60007

312/952-1115
PHONE ORDERS WELCOME
OPEN MON-SAT. 810 5

CIRCLE 95 ON FREE INFORMATION C-IQFII.'J_
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Neighborhood Shopping!

Radio fhaek Parts Plaee:.

Giant Selection!

Factory-Fresh!

Test EqQuipment

Compact SPST

Computer/Game Connectors

e elays - 3
Tranzlatos CHEcker R e R y Type P Cat. No | Esch
A Solder Sut-D Male 9 |2181537 | 199
' 4 | |Souser Sub-O Femate 9 | 2761538 | 248
7 l.ow-ProIilegesign, Hood for Above y | 2re1509 [ 199
. Ideat When Space Solder Sub 0 Male 15 [ 2re1527 | 249
."'L. :l Rk sty 1s Limited Sowder Sub-O Fema 15 | 2781528 | 34
. Hood for Above 15 | 2reqs20 | 199
Dynami¢ Transistor Checker. LED indicates rel- | Approx. 17 x %7 Ping for PC mounting. Contacts Sokder Sub-D Male 25 | 27181547 | 299
alive currant gain, “opens™ and “shorts", Socket | fated ! amp al 125 VAC, Low-current coils. Solder Sub-O Female 25 2781548 | 399
plus hook-Glip leads for in-crcuit tests, Output § VOO Caoll, 275232 ... . 1.49 Hood ke Abowve 25 2761540 | 199
Jack for a meter or SCOPE. 234 x 4%ax 139% Be- | 15 ype Coll. 275233 ... ... 1.49 Solderdess Sub-D Male 26 | 2761559 | 498
quires "AA" battery. 22-025 ca.. 1,95 dderiess Sut-D Fem 25 2761585 | 499
Digltal l.oglc Probe With Tone. The fast way I " Phntet Conrmcion 38 | 2761534 | B 0%
“peek insige” TTL. LS and CMOS digital arcurts, | WIre-wrapping ’ Cable Socke 34 | 2751525 | 319
Caior-coded LEDS indicate high, low or pulsed DIP SOCketS
states. Simullaneous tone output Irees your ayas.
Overload/polarity Protected. 22-302 ... .. 19.95 L -Watt, 5% Resistors
Pins Cal. No. Pkg. of 2
6 276-1988 119 T
4000-Series 14 276.1993 7 Pkg. of 5 39@.? i
CMOS ICs L 10 gib 1591 133 | | [[omme [ ce o
10 2711301 Ohms Cel Ho
With Pin-Out and Specs e 100 2714311 10Kk 271-1335
P Solder-Tail DIP Sockets 190 | 2432 ol e s
Pins Cal. No. Price 20 | 271313 22k 271.13%
Type Cal. No. Each 6 276-1085 2/59¢ Fo 2711434 2m 2711340
oot L s 14 276-1999 2/89¢ w | F o | anase
401 276-2a11 99 18 | 2761998 289 L EZAR 3] 68k 271-1345
43 276-2413 119 18 276-1992 40¢ Ea, 1.8% 7711124 | 100k 271147
il 2762417 149 20 2761999 59¢ Ea 22 | 2n-3zs 2200 | 2711350
4049 276-2449 119 24 276-1989 79¢ Ea 3.9 2711328 470k 271-1354
4066 276-2466 119 28 276-1007 89¢ Ea 4T 271-13% meg 2711358
40 276-1996 09¢ Ea 8.0k 271-131 1 g 2711365
TTL Digital ICS - T
Communications ICs Monofithic
With Pin-Out and Specs hod Cai No | Eacn | | C€ramic Caps .
XR 2206 AFSK Generator | 276-233 | 595 | | Epoxy Dipped m 50 WVDC
e CaL. No Eagh XR 2211 AFSK Decoder | 276-2337 | 5.95 '
;ﬁ g;g_‘:gg; gg KCLBO38 Funetion Gen 2762334 | 595 l
LM565 PLL 276-1720 | 1.99 Temperaiure
7408 276-1822 129 i Costieleni | C2bNa. || Jash
Ta47 276-1805 159 10 pF NPO 272151 83
1430 S il L RS-232C Line Driver, Receiver T3 nEQ 2rays P
] . Type cat. No | Each 1000 pF 75U 272954 | 80
ODEratlonaI AmD“flEI‘S m M1488 Driver 2762520 1.79 ATOG pF pL1V] 272155 69
MC1489 Receiver | 27682521 | 179 | &‘?*:f, gﬂ gg::‘; -
Type Cal. No Each 1 pF 25U 272158 »
741 {Single) | 276-007 89 l#eplalt:&ment
MC1458 (Dual) | 276-038 89 ans ors
LM324 (Ousd) | 276-1719 129 T — — voice Synthesizer IC
yLos2 (Dual) | 276-1715 189 - S = SP0256-AL2. A program wilh 59 speech sounds
TLOB4 {Quad} | 276-1714 299 frpg.::zz‘ ::: ;;:% : ;: {allophones) i stored In ity bullkin ROM. Com-
LM3900 {Quad} | 2761713 139 PH2434 NPN 2762010 ] armuddregsat;:e e Dﬂ)z):. I"Iﬂl1ural suunc:;g
words. Requires -cost support
ey pe-ocl ) L7072 e MP53904 NPl | 2762018 89 u‘? 312 MHz crysisl (avaslable from Shack) 26
TLC27t {Single) | 276.1748 1.59 TIP31 NPN 276-2017 99 o DIP with data. Sungre 5 VDC supply.
TLC272 (Oual} | 276-1749 219 TIP30S5 NPN |  276-2020 159 5761784 12.55
TLC274 {Ouad} | 276-1750 299 MPSZ9C7 PNP |  276.2023 ™
MJE34 PNP | 2762027 149
¢ - | (22 o s o Save Money, Install Your
voitage Regulators ﬂ B PPl 2roeose, b 72 Oown Phones
2NX055 NPH |  276-204: 199
Type Adustable | Cal No. | Each MI2Z955 NPN | 2782043 219 Easy-to-Understand,|
24401 NPN | 2782058 59 How-to" Manual
LM723 [01040VDC (2761740 [ 99 Ty A eiil| L S *
LM77 [1210 37 VDC (2761778 | 2789 MPSALS NEN | 2782080 59 lluslirated 150-page
T M 2 NPN 278-2061 (] manual Qives you Step-
Type | Fued Output | Cat No. i Each i SEAN e - oy ”?nstmctlgns for
7805 «5VvDC 2764770 | 1.58 MIA1Q N.FET | 2762035 99 nstalling  Phones,
7812 £12VDC 2784771 | 1359 WPF102 NFET | 2762062 9 QR0 apamicors: Tog:
7815 +15VDC 2761772 | 159 IRF511 VEET | 16272 | 259 ot Singit and muifhfine
7905 -5VDC | 2761773 | 159 IRFD123 VFET | 762073 1pt9 | tusIness systeéms.
7912 ~12 VvDC 2761774 | 1.59 | 25C 1308 NPN | Z78-2055 795 62-1390 _ 595

A DIVISION OF TANDY CORPORATION

Radio fhaek

Prices apply 8l participaisng Radio Shack stores i dealery
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RADIO-ELECTRUNILS

pONT
018K S PR | e L 'BLAME THE:
Samel = 207 7] | SORTWARE!

| Our nolarors eliminate equipment
interaction, clean up interference,
curb damaging power line spikes
aml

i lightming
bursts.

ERNNESTON

SOUERTARY SLIDE SWITCH Y oir i T, o — I

1s/°l e e

B.30r0 wiagup "' gty -l 9(.;‘ 10/’9

T ' 0o/ 699
h GRADY
.« ELECTRONIC BARGAINS
s558uen [Lam s mint e intor | FSCLOORTON
50 WVD ANDING BUY! HE FIn ll)lm:Y : _' ']
B et v i It
- I 0% WOT SEND FOM OUR CATAI 56 TODAY~IT S FREE} 1S0-3 SUPER-IBOLATOR
3 dusl lsolated sackers! suppremon:
ial 0 | T F
ELECTRONICS COMBANY 1S0-17 MAGNUM ISODLATOR
[ PO BOX 12095 4 quad isolated sockeia; suppressor;
SARASOTA, FL. 3357B luboratoey grade protection, , $213,95
Phone QOrders (Bi3}953-2829
gg.ur'l;lulnl. us nﬁoo;:‘sodon THE FIRST LI 2 h /77, Eleotronlo Spooialists, Ino. |
gs‘mﬁﬁf?&;ﬁ:wﬁjﬁfﬁoﬁ:ﬂ" W 1715 Mes Natick. MA 01780 (81718581532
) i Toll Fres Order Desx 1-B00-226-4876
MAIL ORDER *7 MINIMUM e
2320 wizs sl COD & CREDIT CARD 715 MINIMUM L et % I
CIRCLE 60 OM FREE INFORMATION CARD CIRCLE & ON FREE INFORMATION CARD

P S S S S S S S S S S S S B -—

Electronics Paperback ooks-}
NEW Paperbacks You’ll Want To Read !
' CHECK OFF THE ONES YOU WANT |

)
'\}?ﬁ“

%

0
1\

3

BN
>

A
X\\
15
)

8
N

L)
]

\3
3%1
3

"ot
A
L3 4%%
o

t

A\Y

\

L] ."
e
e 3
p‘:ﬁ*‘* = 1
&V{n"’. ELECTRONIC TECHNOLOGY TODAY INC. et
“,;::',v':w PO Box 240, Massapeaua Park. NY 11762 l
T o T D
'O
I N g et Srow
[
w ,“;f: ,.-&"'r':;:g Tote Prce gt Boomy = I
ﬂ,v‘f’;ﬂ' ,;\“,-1::' Sama i INY S2me Pateowmss oyl Ll
. EETre| e
o .;fﬁ‘ \'ﬁ‘:,‘."’ 75 Y ar 2 Goon Mk vach 0 boca) e B
. ’:::‘#i , "ﬁ omenaoseo |
[ ‘g‘m,ﬂ" =
L]
P PRICES NOT VALID AFTER | Ases
JANUARY 28. 1985 P - F
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7400 APPLE COMPATIBLE
GAL00 T I TR I TY JOYSTICK

41300 2 ! T 4 tan
741500 1 HIm 0 T4 T

IFite sty JAALIE . A0 TN 34 TTE . 29.%
W 20 s I ol

COMPUTER Tass E R LY | |
PRODUCTS. WIS 3 Tasin 4 AL LS e

Inc. Jasme 21 HLIEI st 9 Mm 16K RAM Card - Apple I+

I SR TITT :
ORDER TOLL FREE S0 2 tasies o s LR ¢ 2T epy armank)

B 3 Tatsiee j i A i 2
B 0 n Lz A4 TSN A ‘24 T4U6 I j
TR R T B T AT ; - q,-
[ l s S Jasm [ }iﬁn ;:::: , e

T4L815 A4 jasl i 0 14107 w1 =

5 33 - B B n 0 ;43:0 ,f: TaLs240 d 14108 14192 Assembled & Teated ... 39.95
aLs21 M sl !
s it R : LY NS T T+ B For the APPLE HOBBIEST

s e g i ;:::: DoKay KITS:
uusa o ' ‘

Wi 116 TS RAM
[Bnnl T4L520 A T4l A 20N 18K card

Talsao o g : 1122 1 1 B80CalumnCardli+... 89.95

TaL3a2 20 TaLsned ! 1408y a0 TI99 280 Card...... vEREE s 89.95
B 4 B - B n n 8 ;:g:? ;: ;:t::;: ! 14028 4221 Printer Card .......... 24.95
e | el ML) atly 80ColumnCard {IE ...89.95

s : 132 14240 KEYBOARD (99/4)

T T4tan
T4LE4T T4 TaLE259 L1 1)
T i : STTTOI T 7+ 1 TR 48 keys 4" x10” 6.95

UL T4 Talsame pha L -
STATIC RAMS 41350 24 uen : T
LSS 23 Tals?rs ;

290 5 4 st 1o Bl asss 0 s :‘::ﬂ ; ;::;:
264 1 4 I050uc el 741300 128 Miszm0 ; o
1020 0 1 ledoml F ] 14131 0 T80 HHIW Tal

1024 1 | [450as| L : 4 1410 T4l

] S| B | Tas2 s 3 Reg. Power Supply

f T HE | NI R T : o LN Model 4A/PS (99/4)
2414 0w s ST ab Talsaee 70185 208 3 DC Outputs:

. X
a1 e 17 s W umn heyipbol ] 126 4a, 45V ©1.1
T ’ TaL3ds A Tassu ; ,:::: 4 7:;“ i =5V @ .2A Highly Fiiterad

4006 ¢ | |Bhmsi
TMSOLA 1036 1 | Iebou MO S TaLEsE2 4180 367
418 88 Ta36e

TH404-3 40D £ ) [300w] 18 Tais A 141835

TINI):J-! u::: 1 : gﬂul [ Tais2 64 TalBIE2 4182 74378

M4 y Sl

THNIOIF200 1044 : 0 (200 ;“::: 'g‘ ;:t:::: 31 R 80 Taw

THMIOIR-13 20401 0 (130w 4l 44 : 14184 140

TRM20I6- 109 1044 1 ) 100m| TAL3OE A1 T4L3IE . 14185 24425

M1l 1040 1 0 il lomm] T4L3107 [ TALESET l d B i

[TTIRS] 2944 £ 0 [150m] [pum] is106 1 p S T4I8B 95 Ta42e T s
2040 1 0 (12l Il . TALEINN U7 290 74480 UMM o $10, 9
2040 1 0 2im] I TaLsn2 31 LI

5 For sy anda handhng, include
4110 1]

104l £ 0 {ibim] loml L) 000

sHEEs gl o we 2 S oo s

1L B ;m I=li - [heusth }{:s it K. Y UPS Bive (airh For each acdivonal

(LT L Rt y 1 ; i 1

NMBTRIP 1S D102 10 isoes Low  4b83 B2 1 Tasane _ ! m““ o |:% Calﬂc?::
WP ow oo Givl = btk TSI 206 T4L33RS ] ' residents must include B% sales

TALB12S 48 TaLs3NN : area residents n-
DYNAMIC RAMS I a0 TALEAGO v ' : m“ ..,am Lt:x Prices are
743132 5§ T4L393 : i ; subject o change withoul nobce

TR 4000 51 [thiml Tt N B0 TaLs3es We are not resdorsible for typo-
urs4ll L Rl 710 7] TR T R 1% & 111 graphical enors. We reserve the
TR ™| TaLs127 n Talda24 r|gh1 o H guanfibes and to m

0102 1 | P50l TALSII0 54 TALB4AT

B 1 1 [79]
163841 1 I1beal TABIM B4 T4l3490

16386 11 {150es] (541 TAB14S L T4LE624
:::i:: : :rg: e ;lt&lﬂ ;umn o=
s 1 FIETTY
B5330 1 1 (14l (34 ETE 1T I ms:u . ool ccpreon (L) Saturdays 10/00 10300
§1 = Sugu § Y0 Lipmy T4L81H) ; TEL30 68 ¥ - 0 WISIT OUR RETANL. STORE
TaLBt54 | T4LsITe 4 - -
EPROMS FTTETT LS TaLsT4 e o 52;'?0 Oe La Cruz Bhvd
318 il TS raLseez ! . i Al ta Clara. CA 85050
1241 § b M rasisr 74503 .- b (408) 868-0697
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(45 CrAMNEL COM
s D 0 Amptr nad Flae Tuning

@ s -, oy |
= Cosbymin, S 1 0ol i bominirionied Dot WO | i e P AR ne i=
e e — o Sl || e Vi bl Ay m W
‘m-__..ﬂ_-um-- o O “mb‘:lu- :. l.:
4 L - TELEMRONE L u-lL'l"ﬂ.l e e — -
o=yl N Woda 104 =i e in | e UTILIZE SPACE AGE TECHNOLOGY.
e e g e o e s LT CAUTION THESE DEVICES CAN BE HAZARDOUS AND MAY SOON
1 o
‘--.— BE m-
s el " POCKET PAanEmchEmTon_lmw
= PGS Plans ... $8.00 IPGEK
1 u b
L)

Prowdes 2 sl @nchar OF capabie of punchuring

BLS10. . Assemied, e 950
BLS1 .  Pans _..31000 BLS1X. KtPlns, . 360 &
SHOCKER/P ARALYZING DEVICE . Very ndmadating md
ettecine 510 10 et
SHGSO
SHGE Plany. mmm KyPtang.. 36950.
AUBY LABER RAT GUMN— Inlense visrbie red beam burts and
(M weids hardwst ol melais MAY BE HAZARDOUS.
A RUBYAN Parts Avadabie 1o: Com, gzp DovlcoS'l%'E
CARBON DHOXIDE BURMHING, CU
duces o condrucs beam Offegh el gy WIAY BE HAZARDOUS
LCS Al Parts Availabie tor Completing Device $15 I:IJ
N VISIBLE LASER LIGHT GUN - produces intense rad berrm ke

R ygu:l w.?:umma‘ laﬂwﬂ!‘l;lﬂ.iu i

S IR PULSED LASER RIFLE — Mpduces 15-30 walt ll'lh'i M
Dutses 3t 200-2000 per s8¢
LAGS . Ait Parts & Diodes Avaifable 1000
I BE(NHHERS LOW POWER VISIBLE LASER — (hoice of
I d, m Ofeen — prevadies an excelent source O monoch OMINe

| P4 Assemoies
) 51500 pRFIK
| Plans nn- 81?5 0

wAHL JCLDERMNS mond
O, 14t

gE
&
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s | e | LWz Pam 5500 LHC2K. 850

——— M SHOOPERPHONE MMN:IMDIMM&IM
. S W withoul Phone ever gy
COLORMAX Y e e A=l i M Shein oy
30 CranwEL QEMUTT CATY COMYENTER L i =il 1 Eg:é R ,,,E‘E'“wm'--‘gs“’s a‘,',"&“ u,,mm mmc..mm,
= transmits wed Ovier ONE Mt SOPar senditnes. power il

R ITE bt MFT1. Pans . $T.00 MFTiK mwm $49.30

m WIRELESS TELEPHONE TRANSMIT‘I‘EH — Trangmats both

prirangraliyasd saches, OF PHOME COMETSd bon Over Of MIE. Shuts 01 aulomabe ity

marucimy VWPMS . Pans... 58 00 VWPMSK . PansAGr

% 50
TALK & TELL AUTOMATIC T'ELEPHONE RECORDTHNG
DEVICE — Greal tor moniicning teiephane use

TAT20 Assarmiled gz
‘I'AY? . Pum $5 00 TAT2K  Punsihi 14 50
Ciur phore 008N iod omers anytme Techracans are rvalibie 911
am, mw:mmmnqusulmummm Seg
h'lr!eulllnqo! dences Send chech cash
MO, ¥isa, WG, COD o INFOHMATION UNLIMITED
DEPTRB.P{ Box 716 Amnerst N H 03031 Te 603 6734730

CIRCLE 88 ON FREE INFORMATION CARD

WARLS rue LADT
LS -

ORDER NOW R.F. ELECTRONICS

800.85¢. 4655
TS0 CALIF AMUL " *
714-635-5080 wel AT

WROL CaLF Ol MOE] GADERS LeadsFD wilHIN M ROURE o MO iyl GAGE R
AL PREPAID ORDEAS 7 LIS OR LESS MUAT MCLUDE SLS SHIPPING 4 1 a=lia0. . SonmpeD SAWE DAY RICENED

CIRCLE 27 ON FREE INFORMATION CARD

ELECTRORIC PARTS - XITS - ACCESSORIES Do N ,T HIGH QUALITY ::75dB GAIN

RETAIL WHOLESALE SURPLUS
HOBBIESTS * EXPERIMENTERS = TECHNICIAKS * REPAIRMEN
CAPACITORS - All types & valves | CURRENT SPECIALS Fo H G ET
AESISTORS - Slandard values | SEMICONDUCTORS:
{C*S - Popular inear & CMOS 1330 Genenc (No m .80 e
POTS - PC mt.. pannel mt.. elc. l LMIBEN .50 ea, or 335.00100
SWITCHES - Mini-loggle [AMF 5¥/120 vac) ggg%le : 2.93 ::
Sl 10082 | 1349 Generc 1100 &5, Varible from 1.9 10 2.5 GHz
REGULATORS - 7851 {8.8¥). 7612, E:'P?{c","r‘ﬁs"'w £.0r $35.00100 The latest advance
7815, 7818 75€a | 470 1 Rad. Lytic 50 ea of $107100 in microwave
CHOKES - 15gh, 33h, 100uh, Tmh St ea. u[m 1.00 ea. technology with a
DUTODOR MATCHING 550 pl Tnm 65 e or 550100 SNOW-FREE
TRANSFORMER .2.00¢3 | RESISTOR
A-8 SWITCH 1 00ea | Resislor assortments {mixed values] PICTURE.
=5 Sy | vawan . SZCWIW Two Models [o choose hom
UKF ANTERNA H\Nan . 55.0011
4 BAY BOW-TIE m an e e T pgéu goo Both Models Include:
fim| £3 W
BEST-BUY FOR UNDER $50.00! 20K Pol outrs 338 yve) 30 3 £ 3:&::;?"?::;3:::“:“
$14.95 ¢3./3 FOR 540.00 \ MH‘EH ;HERE;'“. b | with Down Converter
{Mounhbing Hardware Included) ® Power SUpply and Coax Swilich

| SEND FOR FREE FLYER

X-TRA SPECIALS

705 Re uiator 50 ea
N Ceps i $12 00100

® 60" of RG-59'U Coax with Connector

® Transtermer tor 75 to 300 Ohms

® All Mounting Hardware tor Fast and
Easy Installation

HIGH GAIN!
{26 DB AYERAGE}

i ;55“,‘37, i 043w Mono 03 $12 001100 20° Fibergiass Dish| | 20" Aluminum Dish
Sk T Indoor Malching Transtormer .50 ea. Up 1o 55dB Gain Up 1o 55dB Gam
s 95 . 95
TS GOm.2)  HMeRursol ANY SIZE ORUER PUTS YOU ON GUR special 98 | Low Prices *98
%ﬂ?rngr"mms §1,00 ea /3 tor $2 50 Ml.FI|LINI3 ”TSEB EEU WILL ﬁggagf: : A3 10 Kor For®egn coens of U5 Parce Posl
. DUA UPDA TALDGS MGh Gy Y Arterna wan Ciowm Convaner wa § g5 |
120 20 vax. $4.00 e 3 for $10.00 | CHARGE OR DBLIGATION.
12012 vac. $4.00 £2./3 for $10.00 USE | omwer Suppsy Compaen Syaem. ety 1o Use 89
CSREAT LN TAEANG) 5700 DERSH
EARAL RORFIN KSR €| Chack, Money Ordes or COD
MUCH, MUCH, MORE!IL Mﬂ‘"""‘é‘é“séf&sb%%%o YOUR
52. :
- i
N o N PG | “lewzsie™ {CICLUB PROFESSIONAL VIDEO, Inc.
CHICA(.;O IL GI[H'JI for Detsgn:bch%cm"]‘ SERVICE 4570 Hollywood Bivd., Holhwood, Calit 90027
. ) Phane 1 -5 P
(312) 2860905 Ghicago Time For C.0.0. Orders Call (213} 219-0227
CIRCLE 83 ON FREE INFORMATION CARD CARD CIRCLE 21 ON FREE INFORMATION CARD
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THE FIRST NAME IN
ELECTRONIC TEST GEAR

ATTTIHLEE I HTHITHE

| .3
20 Mllz 1Hz DUAL TRACGE USCILLUSGUPE 45 MHz DUAL SWEEP USGILLUSGDPE

quality i an prica. |he R s 95 b L - e e R e T s
umcmmruloumcmﬁwmmFnlu.uhcluﬂn g iy e W Wehﬂmwmmmrmdhﬂllm 79995
B componen] Legling carcuit 107 resiitor Capeciton derLEl CHOUN Bnd QUIRnCY =EeRio-ms SN bty o archude,

GeasE HAHNG » TV nded SYNC il 4 wnde Bacdwdin & Noh sensr  Fh quatily feok go brased seier: bma (BNGES fromm O ) wie 10 7 1850 @ ww-mwuo High quebisly sk oo
Hyrty * inbpmal graliculy & froe phnel baca rotelior + 7 ar * hgh  prishen Inchuced

Barbiaty K-y mode & regnuialed PO JuPPlY * bushin canbrelod

* 100k 30t Lrigeering

ARAMSEY D-1100 g : NEW RAMSEY 1200 1 = RAMSEY D-3100
VOM MULTITESTER YOM MULTITESTER DIGITAL MULTIMETER

Compact and retubie, depgrea 1o ] . | Fglisbis scculnte ODits: mes-
SATACE B Wi v WY ©F BUADITEIN] ¥ BUCmAnts o B0 ERARNGHY bow
Fralurs Wi iude + mariir Back LORT ® in-line cokor PAh
SO v JOubie- priiiid DraLilecen k CaCiha bl & XM wiH T et brultons Spei-ds FANES MChon
Mern o ooad * coratel Qearid pro- Iy ¢ IW" pucrored Boake ® * ADE PUSIG Dt Sl * recataed
1pchon -n-dﬂlloncoslumllﬂ POARALY tuntCh ® D Mg NPt ks * owerhoBd Dy olectn
Ine m.nn« OF k8 5 4081 DACH-up rARGEL ¥ Latety prote ¢ hgh of il rangars -:hdm LCD ths-
mPECH paagtec CHI D‘lr wilh 210 2870, sulQ POLANTY

& iow BAT. | nedwalod
s1 995 ::::I::mm 32495 ::I'“':T“m 34995mmm|m¢

batiary included

€1 4 sty gl
— ...

““‘ it ¥

CT-70 7 DIGIT 525 MHz CT-90 9 DIGIT 60D MHz BT-125 9 DIGIT 1.2 GHz CT-50 8B DIGIT 600 MNz
COUNTER COUNTER COUNT COUNTER

LAD QualtY &1 & biwahihrough DROS F saiuies That mott varsatile for lea) (hen 5300 Feature 3 l. digat :ounl.r 1R el DUt 108 L it o A vacsatie 1 BeACh counter anth

» 3 [rSQUANCY ranQed wath with pre amp * dual it oy * gale * 2amv i v (TROUENCY SABDIET, wrhich lurnt 1he ©T.
SeipcTABHE QI [mars » Q818 BCTivily wdicaton Ty PeCR! D= IR typecal B sinely & P chigit duaplay so L0 & WS rendout SO MOS1 LTY raC g

-Mv.mummmmmn . e winaty v W0 M2 B bate TO8 WA CaliidGaion 01mm:mcy- ¥ hokd % gual puls * 5 e @ 150 MH7 Typroal senapwity v & digit
traquendy mnge + 1 ppm stcunicy * 1 ppm etourecy GiNpley % 1 pDM BODLIECY

$41995 i~ $14995 [ Y 316995 ...
e1-70 CT.00ka s CT-30 kit

CAL1 0 1 PP A Frma Dis ]

BP-4 necad pack

- LA recenre Bdapin Wil
R ]

OM-700 OIGITAL MULTIMETER | PS-2 AUDIO MULTIPLIER PR-2 COUNTER PREAMP PS-18 600 MHz PRESCALER
Prolgssonal quakty at g hoboyrH prics Fes Thy PS.2 & handy (o hagh renod,lion Sudke The PA-Z 1] Ml for Maaiug spas Egnall Extards B rénge ol YOUY DAesant countes Lo
Wotes ingiuc 28 difleren) ranQes and § hunc- TGN Ml Uriments. Ml UP w (e trom o) o 1,000 MH: - Ly Hb'pun » BHC SO0 Mg » B PHAAMD o drvech by W ir-
Tord & T et W ot h LED driglay + duio- quency * préat 3oF PL one * gl bor shuing RF 0 el Cunlry & gty 75mY ) 130 WHE » ANC
Pt PlaCaman] » sutOmalc Do mﬂ:ﬁ?ﬂ&ﬁwmﬂnmmmwl FRCErrar TV praamo LONNSCHE * Jieik BNy Counied
s1 1995 :.c‘-‘caplor 84995 s4495 M::..,.pl« 35995 mum
4700 kit . . o] PA-2 k1. P5-1B kn
MP-1 props set 5 FS-2hN...
- TERMS » satinlaction quaranieed & paaming lo? 10 dayE: 1 not PIEased celyrn in
AGCCESSORIES FOR RAMSEY CDUNTERS T a WgInal Iatm tor retund ® 40 s ter SHiPDing aad insurance 10 3 mxtmsum ol 5
Teleacoplc whip anlenna—ANC plug .. $ B.95 $1000 « pyerseas 20d 15% Ior nartace maid = CO0 44 52 50 [COD In LSA anty) 4
High Impedance probe, bghtioacing... 1695 PHONE ORDERS GALL  : cror vnder 3500402 8150 » 8 revigtars and 1% cales lan » &0 gay party m
Cone pararei: e line o wartanty o sl aits « 1 yuat pasts & Latior whiranly an g1 wired onits g
Direct probe. general purpose use . 13.85 7] 6-586-3950 RAMSEY ELECTRONICS. INC. g
Titt bail. lor CT-70. 99, 125 2,95 TELEX 466735 RAMSEY CI 2575 Baird Rd. A
PenfiEld, N.Y. 14626 §
CIRCLE 79 OM FREE INFORMATION CARD 3
1%

WWWwW americanradiohistorv comm


www.americanradiohistory.com

DISK HOLEPUNCH| PRINTER by Super:5
S pi n e c Om ™ CONVE RTS YU UR Parallel Imertace 1Centroncs Compatibie)
P&Sg{%ELSE r . Sl.acndard Microprocessar
SIDED ‘ M&W with
Char ASC
sg99 B it Smuania
EACH Fricton Feed
Modal CP-80. .526500
HEAD
L 1;"' "
DISK DRIVE 12" Green
HEAD CLEANING KIT HIGH RES
for 52” DISK DRIVES MONiltTDR
64K APPLE 1 COMPATIBLE ' $ 00 Gy
ASSEMBLED AND TESTED saLe ¥139... lNON HUAHE R
: GDRILU\
e, o L= e DISK DRIVES FOR ity =¥
YOUR APPLE 99
MICRO-1l COMPUTER —____ SUPERS Monitor Cable  $3.00
100% APPLE COMPATIBLE T-40 SLIM DRIVE
HTEW THE BEST PRINTER CARD
A6k 834000 OUR PRICE *179 GRAPHIC CARD by:
. ‘F 539900 ALPS-A40 PRACTICAL PERIPHERALS
64K : SINGLE SIDED DRIVER | gaen sue  suPPOATS it mives
coo HALF-HE,IGHTN . supp%l:r:nnla"oTs:":Au €3
LI N G FAN ouR price ‘150 , * DUMP GRAPHICS
WITH SURGE s 50
SUPRESSOR AND MSCI 2 ouR pRICE ° 7 O
2 DUTLETS FULL HEIGHT
, SALE PRICE MODEL A2 COMPARE QUR PRICES ON
— 5 o0 saL 190% APPLE COMPATIBLE PERIPHERALS
- o’ EACH
39 EACH AUTOTEAM 8¢ COLUMN [ARD wSolt Swilch $89.00
ASUKA 30 COLUMN CARD {Vidwr Compunbie} 59.00
SOFT SWITCH for Vides 80 Cokamn Card 3500
AC POWER CENTER HARSHE Gl 180 CPM CARD 59.00
THE MOST QUIET DAIVE
WITH SURGE-SUPRESSOR IN THE MARKET it g .3
~ ’ GRAPHIC PRINTER CARD {Subport most Printers). . 39,08
» 4 cg&-?ggtgg sae 198 FARALLEL PRINTER CARD .00
: SERIAL INTERFACE CARD (RS 232} 59.00
2 URCONTROLLED SUPER SERIAL CARD (Communicarion Card) 120.00
% 1 495 HEAVY DUTY OISK CONTROLLER CARD {Siandard) 45.00
EACH JOY STICK DISK CONTROLLER CARD {3-2, 3-3 Aulo Select). .. 55.00
. EPACM PROGRAMMER CARD jfor 271627322764} . 75.00
’a g 2“14%’:},0;3%&“25 123K RAM CARD |Saturn Compantie) 139.00
TILTABLE MONITOR STAND < for APPLE 1+ or (IE [LICUENTESTERICARG lor mosTILIIC 160.00
RGB COLOR INTERFACE CARD £9.00
S 95 PAL TV INTERFACE CARD {Jor Eurnpean Tv) | .00
Lo | e [EEEE B
== j $PEACH STNTHESIZER (SAM Card) 15"
A SPECIAL £309 INTERFACE CARD 170.00
Ea— . CHINESE CAG GENERATOR CARD. CALL
DISK BOX COMPUTER CLOCK L s
HOLOS 100 PCS. cLIiuEs gl
5% Dlsxerrcﬁs - UG RF MODULATOR
WITH REMDVABLE o= AN IDEAL GIFT! R,
TOP AND LOCKS NN oo (==~ o b o Taeren
=x- ) CH 3 Seiectable
$Q00 i
$44°5 ony °9 N - 1 2%

12603 Crenshurw B Dopt B, rawinome. CA 90250 e T W o Mon.-Fri 10am.7pm

SHIPFING AND FLANDL MG -
For inlormation (243) 9731921 » Ordees Oty foutsice Call) (800} 872.0758 LT LARGES, o WA i

e v e o VA  Mamwre o o 00w OTORE HOURS
A7), FORMULA INTERNATIONAL INC.

. Purchass Py PFLLAME SEFTR A VP re-

- TA " Whar by R il B iy

" I s ngiadared) wate marh. of ML gl Ouinasn CA ey s  Sanlmmar S ob PeRse
9

RADIO-ELECTRONICS

CPE i B g nsls s of Dhgotar Fppiaagin. Ohindghy LA FoL s .9 -
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ELECTRONICS

TENMAR
32 DIGIT LCD
MULTIMETER

0 OC Input impedance 10M ohm
B Diode and HFE Tranaiator tesls
W Cverioad protection B Auto
polarity W 2 year Hmited Warranty

53980
#72-050

WE HAVE WHAT YOU NEED AT
THE PRICES YOU WANT!

CALL TOLL FREE

1-800-543-4330

{IN OHIOQ. 1-800-762-4315)

TEaa*
20MHZ DUAL TRACE
OSCILLOSCOPE

Two Hi h Quality 101 bas included,
Backs nur 2 yoar I?mtad warranly.
For lpeci Ications sse MCM Catslog #8
page 108,

#72-320 $38995

TENMAR*COMBINATION DMM/
CAPACITANCE METER

{With Transistor Gain Tester)

B User can aasily read Yotiage, AC and DC
current, res31ance up 10 20M Chma,
capacitance up to 20 microfarad, and HFE on s
ctear 3 inch. 3v digit LCD cHapiay

569

H 2 yaar limited Warranty

#72-045
$74.95 each

PROBE WITH
MEMORY
B Mulii-family compatibil.
Ny—DOTL TTL HTL'CMOSIC
B Deiects pulses as shorl
a3 50 nanoseconds

#72-19031995]

2.-WAY SPLITTER

H Zinc diecast construction

B Power Pageive 89
B 5-900MHZ
#33-070 {min 10)

62" POLYPROPYLENE
WOOFER

B Magnet Welight:
15

oz
B Structure Weight:
J ibs.

W Vaicw Coil: 1.5°

H Impedance: § phma
0 Power Handling:
RMS PEAK 45w BOw
H Free Air Row: 30 Hz

- 2500 Hr
| Sll'llitli'"'f SPL 1 wATTH METER:

#55-055
545.90 cach

8(min 2)

10" PYLE WOOFER

H Magnet Weight. 18 oz
W Structure Waight.
Ibs

45 Ibs.

W Voice Coll: 1.5°

H imfedance. 8 chme
H Power Handling.
AMS PEAK 75w 150w
M Free Air Rea: 40 Hz

H Freq. Reaponse:
30-5500Hz
M Senwitivity SPL 1
'b.\'n?‘ﬂﬂrﬂ R: 9508
anulacturer each
swinci7or  # 55- 100

150 WATT CROSSOVER
{With protection circuit)

W Build your own high.

quahty 5-way spaahkar

wystem. l These unita

CaN handke {5) watty

AMS and tesure & bulli-

in Protection chrcuit.

H Same ciabbover

uted 0 Jensen's

System B H Crossover

POt 0-J00HZ, 3O0- 1B00MHT, (MOD-TKHZ, TKHZ-up;
rear hl trequency TKHZ-up. B Two L-pad controte
included Jor uppPer mid frequenty and high
iraquoncy. Bl 12 JB oclave. Bl Coman complete
with hook-up wire snd Insiructions

#50-470 1 1
{2-up)

319,99 each

We AlsO HAVYO...o 1 ins of tesi equipment,

POPULAR
REPLACEMENT
HI-FI TWEETER

H Phenolic ring design
used In hundreds of

B Triem profile for easy mounting n tight seaces
W 4va” dismeter ll 10 wait power handling capaciy
N 3oz mlgnetl?K?OKlsanms

#53-020 %4.20(1-3 2""0'“9'

BE SURE TO
CALL FOR
YOUR FREE
120 PAGE
CATALOG'
OVER 4,500
ITEMS!!

Terms:

OSCILLOSCOPE
PROBE KIT

- f.\~

H Bandwidih: 10:1 pasilion:
100MHZ m1—3dB into 20pF
H Riss Time: 10:1 position
leas than 3.5, nominal

H Kif containg: 107 eatth
l#ad, retractable hook.

Ic tasd tip. insuiator.

BNC adaptor and

trimming tcot,

#72-010
$26.95 4

5243

AUDIO TECHNICA
CARTRIDGE
AT1E

W Bi-Radial (ellipticall
diamond Stylus

B Thin-wall tubula:
tlylus cantiever

W Excelient

replac ement o4 older
carirkiges
W Frequenc
15 10 25.000!
H Traching forca 1% 1o

2v: grama
B Audio Technica Ne
ATHE
ho-up)

#39-020 $9.95 (1.9)

'l.__

réesponse

= $10 muruigm arder $1 00 charge for
orgers under 510

= $20 merwmum charge cand o der

= Croers shipped UPS C O D

= MOS Orghins srepoid wathun 24 hours.

- Sales ofce open B 30am to & O0pm
Satwdays 10 0Cam 1 3pm EST

COMPUISr BCORBONES . telephone ACCASSONAS, SPeakers.

telgnson parts. Mybacks. yokes, swiiches, luses. lamps.

caparors. nessiges. cartr . STyl ware, CATV &Quapmien

a‘r:&nﬁ‘n mare. Over 4, ltems AT THE LOWEST PRICES
1

{8

CIRCLE 19 OM FREE INFORMATION CARD

ELECTRONICS

A58 East Conq 35 Park Dove
Conternka, Ohwo 45459
513.434.0031

SOURCEMNO.RE-2
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Electronics Paperback Books
Quality Paperbacks at Affordable Prices

okt
]

|

i

|

133
glig
giéz

POWEREUPPLY [ ELECTROMC
Rn.nl.u FROSETS s

“mum ¥ ELECTROMC Tild-
ROARD PROJCTE. PROSECTE FROMCTS. B3
00 1 Yery peie B500 Raste-conirol TH ool o

W, niiy BN L ot Sy aROACaSA
I ite ingiind 4] L e ]

Thoomcn CALCIAR ALK TS,

£ 3
TIONS AMD FORMU- L Owicrtan waap-
LAE $T.50. A& b - o ow-power
lpl worn Tl oo Copie
Dnages T g - 112 Dages of el
Paplr ¢ IR W T i
et ety & et M T

M. b Oy 3
mﬂk‘?‘& rours -3 s ] POPULAR ELEC. o T soun STaTe
ATTON T LaaAr i EQuY- . m—cmm FOAvsTia b on  paag T TCUTE
30 Presiiss of COMREC oM. W18 ACTE WA CUTR. T 5 by
O i 100 - Shows S § 20 OO A s
wliehrers dre i) & T nt}faﬂm oy ol o :;ah_d 7] 2y TRATED TRAN-
o Wewudwedo | [afEIROn QOIS | o i doet e e o v i g

ELECTRONIC TECHNOLOGY TODAY INC. RE 1184
PQ. Box 240, Massapequa Park, NY 11762

L))

Q

z

3 Number of books ordered D Mama____

'5 Total Price of BOOKS ..........cccocoecccnine LT emkonteas = S

B Address.

o Sales Tax (NY Stale Reswdents) .. . ... bl

Q Shippang (7S¢ 15t two books, 30¢ ea additional}............ City—__ State 1P,

(=]

é TOTAL ENCLOSED .. x, SN
---------------------------------------------.—_--

120
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spzcm s:cnon
a Io BUYERS c.uo:

Eleelromes‘

COMPUTE RY] VIOED  STEREC TECHNOLOAQY - SERVICE
This will be BUILD THIS (AN g: (o] VTol- B0 ¢ HOW YOU AND THE COMPUTER
d SATELLITE TV STERED IN MEﬂ?'E:lNE ch?tEmngmod 8.
How images of the human F tarte
C(;lmlng to you RE‘D’”“%?_LJ“L,&T&F} "t;ody are pfod:cod Programs. Circuit
when you tetie TV receiver lunes Deaign, Games
e sy?)u Il"ll(I; slorc‘:':'ll:zrlof » AT;DFA Interfacing

subscribe to
Radio-Electronics

RECHARGEABLE

BATTERIES.

Peripheral Equipment

* NEW AUDIO DIMENSIOMNS
FOR YOUR PLEASURE ...

Hove 1o choose ) = Notse-Reduction Devices
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THE POMONA PROMISE

Our constant goal is to provide the design engineer with
the best banana plugs and jacks made in this country.
Or anywhere.

And we've been doing it for
a long time. Since 1951 in fact.

That’s when we promised
there wouldn't be anyone in the
world who could design and pro-
duce banana plugs and jacks the
way we could.

The world agreed.

Naturally, as the years have
passed, we've improved upon our
original designs. So much so that
today, our banana plugs and jacks
are out there alone. In their own
class.

The same can be said for ev-
ery other product we design and

produce. And each and every one
of them is trusted by the profes-
sionals of the electronics industry.

At ITT Pomona Electronics,
we know there is no such thing as
standing pat. We also know that
your needs change and your ex-
pectations become greater as the
demands become more severe. To
this end we will continue to create
a better way. A better product.

That’s a promise.

All of our products are
described and illustrated in our
General Catalog, and it's [ree. Just
call (714} 623-3463 or 623-6751.

CIRCLE 54 ON FREE INFORMATION CARD
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TWX 910-581-3822. Write to us at
ITT Pomona Electronics, a Divi-
sion of ITT Corporation, 1500 E.
Ninth St., Pomona, CA 91766.

In Europe: ITT CANNON
BELGIUM S.A./N.V. Rue Colonel
Bourg Str. 105 Space A {B.3) 1140
Brussels, Belgium. Phone: 02-735-
6094.

QOur products are available
through your favorite electronics
parts distributor.

ITT Pomona Electronics
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2236 100 MHZ
OSCILLOSCOPE

THE ANSWER

BY ANY MEASURE

100 MHz scope, counter, timer,
muitimeter: All one integrated system.

100 MHz dual
time base scope.
3.5 ns nsetime;
sweeps from 05s
to 5 ns/div; akter-
nate sweep. £2%
vertical/horizontal
accuracy. vert-
ical sensitivity to

2 mvidiv@

A0 MH2z,

9-digit Auores-
cent display.
Dighally acouwrate
feadouts acCom-
pany the CRT
wavelorm. Error
messages and
Prompis also
appedr on the
display.

Now make measurements
taster, easier, with greater

accurac

and user confldence,

The Tek 2236 makes gated coun-
ter measurements, temperature,
time, frequency, resistance and
voltage measurements push-
button easy. You see results con-
currently on the 8-digit numeric
readout and CRT display.

Its complete trigger system
includes pushbutton mg%sr view,
plus peak-to-peak autd,
line. TV field, single sweep and

normal modes.

Auto-ranged
Aulo-ranged, DMM. Uss floating
auto-averaged DMM side inputs
Gated measure- counterftimer. with up 1o 5000-
ments. Lise the uency, penod, count fesolution.

scope’s intensified
m f 10 measure

width, delay time,
aA-time, plus totalk

Gel precise read-
ouls of average d¢

D¢ volts and ac frequency, period, ize to more than and true RMS volt-
couplad true width and 1o count | 8 milkon events age. Measure

RMS volts. Maea- events within —with 7 digits resistance from
sured through the specified portions plus exponent milliohms to

Ch 1scope nput. of the signal. displayed g'gohms.

At Just $2650; the 2236
includes the industry’s first 3-year
warranty on all parts and labor,
Including the CRT.

Integrated measurement
system. 3-year warranty. 15-
day return policy. And expert
advice. One free call gets
It alll You can order, or obtain lit-
erature, through the Tek National
Marketing Center. Technical per-
sonnel, expert in scope appleca-
tions, can answer your questions
and expedite detivery. Direct
orders include operating and

service manuals and worldwide
service back-up.

Call toll-free:

1-800-426-2200,
Extension 144.

In Oregon, calt collect:
{503) 627-9000. Ext. 144,
Or write Tektronix, Inc.
PO. Box 1700
Beaverton. OR 97075

Tektronix

COMMIT TED TD EXCELLENCE

Copynght @ 19873, Tektrono:, INE. All nghts reserved. TTA324. 'U.S. Domesnc price FO.B. Beaverion. Omgon Price submc! 1o change
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