ips

B SPECIAL SECTION QW»(,fG'G;-
a l — SATELLITE TV
BUYERS GUIDE

I l @175 ocT. 1934 * .r

iIN CANADA £2
OMPUTERS - VIDEO - STEREO - TECHNOLOGY - SERVICE

ICS!
BUILD THIS ELECTRONICS.

SATELLITE TV STEREO IN MEDICINE. |
DEMODULATOR. How images of the human

R-E’s add-on for your body are produced. }
catellite TV receiver tunes e
vyou into stereo audio. W

RECHARGEABLE
SAT TERIES.

ow to choose
hg one that best
sults your needs.

SBUILD A
OMPUTERIZED
C TESTER. SATELLITE TV

ith this automated COMPONENT
ester you can quickly BUYERS GUIDE.

reed out your faulty What's available if you want
ligital IC's. to piece together your
satellite receiver system.

PLUS:

gl * Drawing Board * State-Of-Solid-State
ﬁ} H * Hobby Corner #* New Idea
9

* Service Clinic _* Equipment Reports
~
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TEKZE%

Now! Tek quality

~ THE ANSWER

BY ANY MEASURE

and expert advice

are just a free phone call away!

Two 100 MHz,

high sensitivity
channels. 3.5ns
risglime; de lo

A/B sweep selec-
ton. Canbrated

A Sweeps mom

50 ns/div 1o

0.5 sidiv: B sweeps
from 50 ns/div

to 50 ms/div. var-

Dual time base
measuremenls.
Select either A of
B sweeps, of both
alternately with A

B trigger slope
and lavel. Use B
tngger level 1o
select B-lnggered
or run-after-delay
modes, use B
TRIGGER SLOPE

Our direct order line gets
you the industry's leading
price/performance portables...
and fast answers from experts!
The 60 MHz single time base delay
2213A, the 60 MHz dual time base
2215A and the 100 MHz dual time
base 2235 offer unprecedented
reliability and aftordability, plus the
industry’s first 3-year warranty*

on labor and parts, CRT included.

The cost: just $1200 for the
2213A, $1450 for the 22154,
$1650 for the 2235.1 Even at
these low prices, there's no
scrimping on performance. You

Copynght © 1584, Tewiromx, We. Al ights resened ITTA4I9 tPrce FOB Beaverion, OR, '3-year warranty incivdes CRT

100 MHz dual

time base scgpe.

Easy-to-read CRT: | Wide range verti-
bright, full-sized cal sensitivity.
&10cm: 14 ky Choose from
acceieraling 2 mytidiv {1x
potential complete | probe) to 50 Vidiv
with BEAM FIND. {10x probe);
separate A’'B color-keyed for $x
dual intensity and 10x probes.
controls, FOCUS vanable control
and TRACE increases scale
ROTATION factorby 25101

100 MHz band- able conlrol for up
widih from 8 Vidiv | 102.510 1 reduc-
1o 5 mdiv tion and 10%
extended sen- magnification for
sitivity of 2 midiv | sweepsto

at = 90 MHz. 5 ns/div.

have the bandwidth for digital

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

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

WWwWwW americanradiohistorv comm

miensified by B.

o select transhions.

1-800-426-2200

manual, two 10X probes, 15-day
return policy and woridwide ser
vice backup.

Order toll free:
1-800-426-2200,
Ask for Rick.

In Oregon, call collect:
(503} 627-3000.

Or write Tektronix, Inc.
PO. Box 1700
Beaverton, OR 87075

Tektronix:

COMLET TED TO ExCELLEMCE
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Probably
the second
most important '
bOOok you can
turn to for
guidance.

Electronics dealers and repair experts know
they can depend on Philips ECG® Replace-
ment Semis to fit and to work—reliably.
And they know they can depend on
the new ECG Semiconductor Master
Replacement Guide to save them
time, money and aggravation when \
ordering the parts they need.
545 pages. 3,100 ECG Semi-
conductor types. Morc than 700
new products including transient
voltage suppressors, micro-
processor ICs, thermal cutoffs,
solid state relays and more.
It's the only book of its
kind you'll ever need this
year, and you can get it
from your nearest ECG
distributor. Just call '
1-800-225-8326
toll-free for his name
and phone number (in ‘
Massachusetts, call : .
1-617-890-6107).

Ifit's ECG,it fits. And it works.
PhilipseCG

A North American Philips Company

CIACLE 47 ON FREE iNFORMATION CARD 1
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& RADIO-ELECTRONICS

NEW!
W

eﬁ € V\C{_.‘_
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.

Wae give you excellent service be-
cause CE distributes more scanners
worlgdwide than anyone else. Qur ware-
house facilities are equipped to pro-
cess thousands of scanner orders
avery 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 tact to fantasy
and who needs to know what's really
happening around you, order your
radio today from CE.

NEW! Regencyi MX5000-E

Lisl price $538.95/CE pPrice $355.00
Mulrt-Band, 20 Channal @ No~aryelai scannar
Bearch ® Lochkout & Priority « AC/DC
Saiaclabla AM-FM modss ¢ LCD diapiay
Worid's first continuous coverags ecannar
Frequency range: 25-550 MWL conlinuous coverage
Mever before have 50 many features ¢oma in
such & amall package. The Regency MX5000
mobile or nome scanner has continuous Cover
age from 25 ta 550 MHz That means You can
hear CB, Teievision audio, FM broadcast sta-
tions, all aircraft pands including military and
the normal scanner Bands. all on your choice of
20 programmable channels.

Regency® MX3000-E
List price $313.95/CE price $178.00
#-Band, 30 Channa! & Mo-crynisl acannar
Bearch ® Lockout ® Priority ® AC/DC
Bands 30-50, 144-174, 440-5712 MHI
The Regency Touch MX3000 provides the eass
of computer controlled, touch-entry program-
ming I @ compact-sized scannar for use at home
or on the road. Enter your favorite public sendee
frequéncies by simply touching the numbered
prassure pads. You'll even hear & “beep” tone
that leis you know you've made contacl

In addition to scanning the programmed
channels, the MX3000 has the ability to search
Ihrough as much as an antire band for an active
Irequency. The MX3000 includes channel 1
priory, dual scan speeds, SCan or 3earch delay
and a bnghtness switch for day or night operation.

Regency® Z30-E

List pnce $279.95/CE Price $168.00
&-Band, 30 Channe! 8 No-crysital scanner
Bands 30-50. 144-174, 440512 MHL

Cover your choice of over {5,000 frequencias
on 30 channeis at the touch of your tinger.

Regsncy
MXI000

Asgency
MXBOGO

Regencg" C403-E

List price $99.95/CE price $50.00

S-Band, 4 Channal 8 Cryaial acsnnar
Channaf indicator LED 8 ACanly 8 Low coal
Bends: 30-50, 148-174, 450-470 MHL
Regency's basic scanner, the C403 gives you
the excemeant ol police, fire and emergency
calls 8t & budget price. It can tune in to any of
tive public service bands and brings the signal
In loud and clear..on any of four possible
channels. H cbmes with detachable telescope
antenna and AC power cord Order one Crystal
certificate for @ach channal you want to receive.

Regency® HX1000-E

List price $329.95/CE price $208.00
&-Band, 30 Channel 8 No atwl acanner
Bearch # Lockout ® Pricrity s Scen deiay
Sidaill liquid cryetal diepiay » Diglial Clack
Frequency range 30-50, T44-174, 440-512 MHL
The new handheid Regency HX1000 scanner s fully
ke¥board Pprogrammabie for the witimate Inversali-
ity. ¥ou can scan up to 30 channes at the same time.
When You activale the priority controk yOu automat-
iwcally ovarnda all othar calls to listen Lo your favorite
frequency. The LCD display I8 even sidelil for night
use. A die-cast alumlnum chasia makes this the
moat rugded and durable hand-held scanner avaik
able. Therae is even a backup lithium baltery to main-
tain meémory for two Years Includes wall charger,
carrying case. bait Clip. flexible Bntenna and nicad
battery. Order Your Regancy HX1000 now.

Regency® R106-E

List price $158.95/CE price §82.00
S-Band, 10 Chaanei 8 Crysisl scanner ® AC/DC
Fragquency range: 30-50. 146- 174, 450-512 MHL
A versatile scanner, The Regeacy R-106 is built
to provide maximum reception at home or on
the road Ruggedcabinel protectsthe advanced
design clrcuitry allowing you years of depend-
abla listening.

NEW! Regency® R1050-E

Lisl price $179.95/CE prica $109.00
a8-Band, 10 Channal  Crygiatinan » AC only
Frequency range: 30-50. 14 7'174 440-512 MHE
Now You can enjoy computerized scanner ver
satility at a price that's less than some Crystal
units. The Regency R1050 lats you inon all the
aclion of police, fire, wealher, and emergancy
calls. You'll even hear mobile teiephones.
Programming the R1D50 is easy. Mersly touch
the keyboard and enter any of over 15,000
frequencles on your choice of 10 channels.

Regency® HX650-E

List price $129.95/CE ptice $79.00

5-Band, 8 Chanrel 8 Handheld eryetsd scannar
Bands: 30-50, 140-174, 450-512 MHL

Now you can tune in any émergency around
town, from wheraver you are, the second R
happens. Advanced clrcuitly gives you lhe
world's smallest scanner. Qur low CE Price in-
cludas battery charger/A C. adapter.

NEW! Regency® HX-650P-E
List Price $189.95/CE price $104.00
Now, Communications Electronics offers a
speciat packaged price on the Regency HX-650
scannearand theloliowing ltemsfor onty $104.00.
Youget the Regency HX-650 scanner, aset of 4
AAA ni-cad batteries, the MA-506 carrylng case,
skxcrystal cenificates, AC adapter/chargerand
flexible rubber antenna lor only $104.00 per
package pPlus $10.00 shipping/handling. To
order thia special package. use CE special
ordet number HX-650P-E.

QUANTITY DISCOUNTS AVAILABLE
COrder two scanners at the same lime and deduct
1%, for ihree scanness deduct 29, four scanners
daduct 3%, five scanners deduct 4% and six or
more 3Canners purchased at the same fme

i e “Ralk 4,3 RS

Regency
HX 1000

Regency
HX850

NEW! Regency® MX7000-E
List price 5699 65/CE price $448.00

1 0-Band, 20 Chennal 8 Crystaliass 8 AC/DC
Frequency rangt: 25-580 MHE continuous coverade
and 800 MHE to 1.2 GHL cOntimuoul coverage
In addition 1o normal scanner listening. lhe
MX7000 offers CB, YHF, and UHF TV audio, FM
Broadcast, all aircraft banas (civil and military),
800 MHz communicalions, cellular telaph¢ne.
andwhen connected 1o a printes or CRT, satellite
weather Pictures.

The Regency Touch MX7000 provides the
ease of computer conlrolled. touch-entry pro-
gramming in a compact-sized scanner for use
at home or on Ihe road. Enter your javorite fre-
Quencies by simply louching the numbered
pressure pads. You'll even hear a “beap” tone

sthat lets you know You've made contact.

In addition to scanning the programmed chan-
nels, the MX7000 has the ability to search through
asmuchas an entire band for an active [requency,
When a call is received. the fraquency will
appear on the dightal display.

Regency® Z10-E

Liat price 5239 95/CE price $138.00
8-Band, 10 Channa! ® Mo-crys!al acannar
Prigrity control @ Saarch/8cen # AC/DC
Bands: 30-50, 140174, 440-512 MHL

Cover your choice of over 15,000 tréquencies
on 10 ¢hannels at the touch of your linger.

OTHER RADIO ACCESSORIES

B4-E 1.2 ¥ AAA Ni-Cad battenes (0ol of fouw . .- 5900
A 1ISC-E Crysial carthoate . . $3.00
ASO-E Magnel moun! mobile anienna 53800

ATO-E Base stalion grenna. $35.00
$3.00 shiggang 1o 88 #CCe 530w malwumm
m $3.00 shipping o#f scanner arenna
BUY wiTH CONFIDENCE

To gat the tastsat dativary from CE of any
scanner, send gr phone your order direclly to
our Scannar Distribution Center” Be sure to
calculate your price using the CE prices in Ihis
ad. Michigan residents pieass add 4% sales tax
or Supply your tax 1D, number. Written pur
chase orders ara accepted irpm approved gov-
ernment agencies and most well rated tirms ata
10% surcharge for net 10 biling. All sales are
subject to avaiability, acceptance and venfica-
tion. All sales on accessorias are final Prices,
lerms and speciticalions are subject tp thange
without notice. All prices ara in U.S. dollars. Qut
of stock hems will be placed on backorder
automaticatty unless CE & instructed differ-
ently. A $5.00 additional handling fee will be
charged tor all orders with a merchandise total
under $50.00. Shipments are F.0.B, Ann Arbor,
Michigan. No COD's. Moat products that we sail
have & manulacturers warr@nty. Free comes of
warranties on these produci® are avmlable
prior to purchase by writing to CE. International
ordears are Invited with a $20.00 surcharge for
special handling in addition to ahipping charmges
Non-certified checks require bank clearance.

Mall orders to: Communications Electron-
ics” Box 1002, Ann Arbor, Mich 48106
U.S A Add $7.00 per scanner for U .8 ground
shipping and handling in the continentatl U 8. A
For Canada, Puerio Rico. Hawail Alaska, or
APO/FPO delivery, shipping charges are three
times continental U.S. rates. If you have a Yisa
or Mastaer Card, you may call and place a credil
card order. Order tolHires In the U.S. Diad
0 52 heddd=). In Canads, order tolkiree by
calling 800-221-3475. WUI Telex CE anylime,
dial §7 1-0155. If you are outside the U.S or in
Michigan dial 313-973-8888. Order loday.
Scanner Distribulion Centes™ and CE logos are Lrade-
marks of Communicatons Electronics Inc.
| Regency 1a a federaky registersd trademark of Aegency
Elactronics Inc AD s080384-E

Copyright & 1984 Communications Elscironice

Order Toll Free...call

1-800-521-4414
v Boo- TR0
4l COMMUNICATIONS
ELECTRONICS™

Consumaer Products Division
318 Prowas o 10021 Ann ArDor. Mchgan 48108 LLSA
LAl TOLL FREE A 14 G ouTece A, 31 TS SN0

o
CIRCLE 97 ON FREE INFORMATION CARD x / 0’?} QQO
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CTOBER 84  Eiecironics

Vol 55 No. 10
SPECIAL 63 RECEIVING SATELLITE TELEVISION RADIO
SECTION If you’ve been thinking of putting together 98 COMMUNICATIONS
your own TVRO system, let our buyer’s CORNER
guide help you out! Marc Stern Phased antenna systems.
65 SATELLITE-TV BASICS Herb Friedman
69 SATELLITE-TV RECEIVERS
73 THE DISH ' VIDEO
77 FEEDHORNS, WAVEGUIDES, AND LNA’S 105  SERVICE CLINIC
80 MANUFACTURER LIST working with chip
components. Jack Darr
BUILD THIS 51 SATELLITE STEREO DEMODULATOR 109 SERVICE QUESTIONS

To complement our satellite-TV buyer’s
guide, here's a look at an accessory that no
TVRO owner should be without.

Radio-Electronics’ Service
Editor solves readers’

Roger Cota and Lloyd Addington Lt
83 COMPUTER-CONTROLLED IC TESTER
Part 2. This month, we complete the tester
and then tmprove it. Floyd L. Oats COMPUTERS
102 COMPUTER CORNER
TECHNOLOGY 14 VIDEO NEWS A look at the portable
Tomorrow's news and technology in this computers. Les Spindle
quickly changing industry. tollawing COMPUTER DIGEST
David Lachenbruch page 108 A look at printer
16 SATELLITETELETEXT NEWS standards; How to use
What's new in communications technology. standard cassette
Gary H. Arlen recorders with your
55 RECHARGEABLE BATTER!ES CommedoieicomarSs

How to use VisiCalc to
determine op-amp circuit
values, and more!

Part 2. A look at rechargeable batteries, and
how to choose the right battery for your
needs. Robert Grossblatt

59 ELECTRONICS IN MEDICAL IMAGING
A look at X-ray, CAT-scan, and other imaging

techniques and the electronics behind EQUIPMENT
them. Ray Fish, Ph.D. M.D. REPORTS
34 Hameg Model HM605
CIRCUITS AND 32 NEW IDEAS Osrucilloscope ‘
COMPONENTS Improve your single-trace scope. 44 h‘lc"os'?" Premium Softcard
e

97 DESIGNER'S NOTEBOOK
Some simple oscillator Circuits.
Robert Grossblatt

DEPARTMENTS

88 HPBBY CORNIR 6 Advertising and Sales Ofifices

why be afraid of computers? e
a * 140  Advertising Index

Earl “Doc” Savage, K45DS 6 Editorial

94 DRAWING BOARD e 141 Free Information Card
Using the 4089 binary rate muitiplier I1C. 22 Letters
Robert Grossblatt 117  Market Center

100 STATE OF SOLID STATE 46  New Products

Low-power amplifier IC’s. Robert F. Scott 12 What's News

A% 8 56MCH 10 NBacers, H-ch-E-hdmriﬂ pubkshes avajialie plans of inkrMaton relaiing to nevwsworthy products, techniquss and scienlific and Iachrwlo?;cal developments. Bacauss of possitie
vanances in the quality snd pondsion ol matsnais B woo manstud used by readers. ﬂargo‘Elecuuh daclans any responsibiity ko the sale and proper lunchioning of reader-buitt propcls based
UpOn OF trom plans of niomanion Pubhished in tha magazine.
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COVER 1

contains stereo audio, if you don’t have a stereo demodulator, you
won’t hear it in stereo. Unfortunately the price of add-on stereo
demodulators—often hundreds of dollars—can certainly rob you of
the pleasure you’d otherwise gain from stereo reception.

The stereo demodulator that we'll show you how to build costs less
than $80. You can use it to listen to the stereo audio that is transmitted
along with video signals. And you can use it to listen to the many
audio-only programs. Either way, you don’t have to wait for terrestrial
TV to start stereo programming. If you have a TVRO, you can listen in
stereo NOW. The story begins on page 51.

NEXT MONTH

ON SALE OCTOBER 23

COLOR-DISPLAY TECHNOLOGY

New technology will make it possible to offer color

displays in many applications.

INTERFACING THE ZX81

Part 4 (which did not run this month due to space
restrictions) shows how you can control a speech
synthesizer with the ZX81 or Timex Sinclair 1000.

SHORTWAVE BROADCASTING CONFERENCE
A look at the Geneva Shortwave Broadcasting Con-
ference (WARC-HFBC) and what it means to you.

AND LOTS MORE!

Radic-Electronics, {ISSM 0033-7TB62} Published monitdy
by Gemsback Pubkcatons, Inc., » Mwoniue South,
Mo York, NY 10003 ass Postage Peld ot Naw
York. LY, nd addiional maiing offices. Cne-year subscnp-
Hon rale: USA and US possessons $14.57. Canada,
$17.97, Other counines, $72 47 (cash orders only, n
U.SA currency) Single copwes $1.75 © 1384 by Gemsback
Publicahons, Ing. Al nghis reserved Printed I U S A

POSTMASTER: Please send address cha 10 RADIKD)-

ELECTRONICS. Subscriplion Depl, Box 2520, Bouicwr, CO

A Bamped sell-addmssed anvolope musl ascompany ai
Submilhe ManuscrpAs and/or Biworh OF Phologragns i thnr
return I dasimd Shoulo ey be royected We disciamm any
aaponmtality 10f the loss or damage of mEescripls andor
ArTwork or PhOLographia while Mo possession or otherwise
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Hugo Germsback (18341967} founder
M. Harvey Germsback, editor-in-chief
Larry Steckles. CET. pubhisher

EDITORIAL DEPARTMENT
Ant Klowman, editor

Brian €. Fenton,
techmical editor

Carl Laron. W82sLR,
associate editor

Rober! A. Young. assivtant editor
Julian $. Martin, oditonal associate
Byroh G. wWels, editorsal associate
kack Dar, CET, service editor

Robert F Scoti.
semiconducior editor

Herb Friedman,
communicahons edltor

tarl “Doc” Savage, K4SDS,
hobby editar

Robert Geossblatl, circuits editor
Gary H. Arlen, contributlng editor

David Lahenbruch,
contnbuting editar

Lou Frenzel. contributing editor
Bess Issacson. editorial assistant

PRODUCTION DEPARTMENT
Ruby M. Yee, production manager

Robert A, W. Lowndes.
editorial preduction

Dianne Osias, advertising production
Karen Tucker, production 1raific

CIRCULATION DEPARTMENT

Rckic Weaver. Circulation manager
Rits Sabalis, circulation coordinator
Jacqueline Allen, circutation assistant

Cover pholo by Robert Lewis

Radio.Electronlcs is indexed in Applied Science &
Technology index snd Readers Guide to
Periodicat Literarure,

Microfilim & miicrofiche editions are avallable!
Contact dirculation department for details.
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We will beat any advertised Price

BECKMAN Curcuutrnate‘° DMM

MODEL DM73

$63°° “

® SMales! degital Muitimater on T market & Probe- ¢ e

$ 6495

ARG, pOCKe!-3.7e

harck 1o fBRCH 15l areay - Ak

B&K PRECISION

100 MHz FREQUENCY COUNTER  guR price

MODEL 1803 § 50
neossens > 144

» 5 Hz 10100 M2 moge = 8 Og4 LED
chipiay 8 Leading Zevo Glanking & LOw Dass
fiter & BNC Conwcior Inpul @ Owerliow

Inchcator & Blatlery O AL powered
o CrarpetAC Adapion InCuded with Moded

NTSC COLOR BAR GENERATOR
MODEL 1251
REG. 5995.00

QOUR PRICE

*849°

- Genemﬂ.nﬂwdmu-gmhim
B ahstment
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EDITORIAL

Satellite TV Reception—
Present and Future

This is the second time this year we're presenting a
special section on Satellite TV. In July, we presented
the basics. This month, you will find a
comprehensive buyers quide. Why are we putting
forth so much effort to present Satellite TV to our
readers?

It has been almost 5 years since we first presented
our Backyard Satellite TV Receiver series by Bob
Cooper. Back then, the Satellite-TV industry was in
the embryo stage. Few manufactured systems
existed. The majority of home satellite systems
were assembled and erected by electronics
enthusiasts like yourself. Information was rare and
difficult to come by. Equipment and parts were hard
to find—and quite expensive when you did find
them. Dish antennas were large; most people were
very lucky if they could get away with using a 6-foot
dish. Performance from component to component
varied drastically. Aligning the various components,
such as a satellite-TV receiver, was genuinely a
nightmare come true.

Today, the Satellite-TV industry is in its infancy.
Manufactured equipment, albeit still expensive
(although much cheaper by yesterday’s standards),
is plentiful. For $1000-$1500, you can own Your own
Satellite-TV system, including antenna, receiver,
LNA, and feedhorn. For the additional cost of
installation, you can own this system without the
headache of setting it up. And you can be confident
that the reception will be fairly decent. That’s a big
step forward in five years!

The Satellite-TV industry will grow into adulthood
rapidly. Within the next year or two, you will see
tremendous reductions in price and an increase in
performance. 5everal factors will be responsible for

ART KLEIMAN

those changes: First, semiconductor manufacturers
are realizing the market potential of this industry.
As a result, right now they are spending large sums
on R&D to produce custom IC’s. They have already
successfully produced a complete monolithic LNA.
And they are hard at work applying this same
technology to receiver design. When production
lines are geared up to produce those IC's, prices
will drop drastically. The IC's will obsolete the
necessity for equipment alignment. Also,
performance variations from component to
component will be non-existent. The elimination of
alignment procedures and performance variations,
coupled with the newer, more powerfui, satellites
that have been recently launched, will result in
smaller antennas. Where 6-foot dishes were once
required, 4-foot dishes will provide acceptable
pictures.

While this effort to produce custom IC’s is going
on, Japan is gearing up to produce large quantities
of equipment. Within the next year or two, we will
see a flood—no, a tidal wave—of imported satellite
receivers and LNA's reach the market. This will
exert a tremendous downward pressure on
equipment prices. Within the next year or two, the
price of a complete Satellite-TV system, inciuding
receiver, LNA, feedhorn, and 4-foot dish, will be in
the $300-$400 range. With this in mind, why would
a consumer consider the purchase of a DBS
system? Especially when the prolected cost for a
DBS system is in the same price range and channel
seiection will be limited.

The Satellite TV industry is growing up. And in the
years to come, you can bet that Radio-Electronics
will be there covering the developments and
presenting them to you, our readers.

BTG rinrs.

L

ART KLEIMAN
EDITOR
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The first no-crystal hand-held scanner.

Now you can have the
one scanner you've always
wanted —a no crvstal. fully
synthesized hand-held
scanner. The incredible,
Uniden® Bearcar® 100.

Push button programming.

The Uniden® Bearcat® 100 works
just like the full size. no crystal
Uniden" Bearcat® Scanners. Push
button controls tune in all police ealls,
fire calls. weather warnings.and emer-
gency information broadcasts. the split
second they happen. Automatically.

All the features you want.

16 channels for storing frequencies.
8 band coverage — including high, low,

To find out more about where to buy the Uniden® Bearcat® 100 or other Uniden® Bearcat® Scanners, cail 1-800-5-C-A-N-N-E-R toll [ree.
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Your Uniden® Bearcat®
Dealer wants to hand you
an earful.

UHF and “T" public service bands:
both the 70 cm and 2 meter amateur
bands: plus, for the first time ever, both
the military and federal government
land mobile bands. Both automatic
and manual search. lockout.scan delay,
direct channel access. Even a liquid
crystal display. Flexible antenna, ear-
phone. AC adapter/battery charger
and carry case are included.

uniden

Beancat

CIRCLE 99 OM FREE INFORMATION CARD
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SCAN's 30,000 members know what

See your Uniden" Bear-
cat® Dealer now for a demonstration
of the amazing Bearcat"100. Get com-
plete information about the world's
first hand-held. no erystal scanner.

others miss! Insider news. Frequeney
info. Tech tips. Awards, SCAN Maga-
zine...and more! Send $12 for l-vear
membership tothe Scanner Association
of North America. 240 Fencl Lane,
| Hillside, IL 60162. |
Usidhen” Carpuation of America, Prsens) (o hcureons D adis
£34) Camthrarwy Conarr, Incdiaacpoln. IN 4250
91944 Liden Corporation of Aswihus

¥86L H3IBOLDO
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Learn robotics and

you build this

New NRI home training
prepares you for a rewarding
career in Americas newest
high-technology field.

The wave of the future is
here. Already. advanced robotic
systems are producing every-
thing from precision electronic
circuits to automobiles and
giant locomotives. By 1990,
over 100,000 "smait” robots
will be in use.

Qver 25,000 New Jobs

Keeping this robot army
running calls for well-trained
technicians. . . people who
understand advanced systems
and controls. By the end of the
decade. conservative estirnates
call for more than 25,000 new
technical jobs. These are the
kind of careers that pay
$25.000 to $35.000 a year right
now. And as demand continues

to grow. salaries have no place
to go but up!

Build Your Own Robot
As You Train at Home

Now, you can train for an
exciting. rewarding career in
robotics and industrial control
right at home in your spare
time. NRI, with 70 years of
experience in technology
training, offers a new world of
opportunity in one of the most
fascinating growth flelds since
the computer.

You need no experience.
no special education. NR]
starts you at the beginning,
takes you in easy-to-follow,
bite-size lessons from basic
electronics right on through

You get and keep Hero 1 robot wlth gripper arm and speech synthesizer, NRI
Discovery Lab for electronic experimentation, professional multimeter with
Av4-digit LCO readout, 51 fast-track trajning lessons.

WWwWw americanradiohistorvy comm

key subjects like instru-
mentation, digital and com-
puter controls, servomotors
and feedback systems. fiuidics.
lasers, and optoelectronics.
And it's all reinforced with
practical, hands-on experience
to give you a priceless con-
fidence as you build a program-
mable. mobile robot.

Program Arm and Body
Movement, Even Speech

Designed expecially for
training, your robot dupli-
cates all the key elements of
industrial robotics. You learn
to operate. program. service,
and troubleshoot using the
same technigues you'll
use in the field. It's
on-the-job train-
ing at home!
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ndustrial control as

Building this exciting
robot will take you beyond the
state of the art into the next
generation of industrial
robotics.

You'll learn how your
completely self-powered robot
interacts with its environment
to sense light. sound. and
motion. You program it to
travel over a set course. avoid
obstacles using its sonar
ranging capability. Program
In complex arm and body
movements using its special
teaching pendant. Build a
wireless remote control device
demonstrating independent
robot control in hazardous
environments. You'll even
learn to synthesize speech
using the top-mounted
hexadecimal keyboard.

Training to Build a
Career On

NRI training
uniquely incorporates
hands-on building
experience to

gt PRSI SIS

Your mobille robot duplicates functions of state-of-

the-art industrial units.

reinforce your leamingon a
real-world basis. You get profes-
sional instruments. including a
digital multimeter you’ll use in
experiments and demonstra-
tions, use later in your work.
And you get the exclusive NRI
Discovery Lab®, where you
examine and prove out theory
from basic electrical concepts
to the most advanced solid-
state digital electronics and
microprocessor technology.
Devised by an experienced
team of engineers and
educators. your

Lo

experiments,
demonstrations. and
equipment are
carefully integrated
with 51 clear and
concise lessons to
give you complete
confidence as you
progress. Step-by-
step. NRI takes you
from the beginning,
through today. and
into an amazing
tomorrow.

Send for Free
Catalog Now

Send for NRI's
big free catalog
describing Robotics
and Industrial
Control plus over a
dozen other high-technology
courses. You'll see all the
equipment you get in detail,
get complete descriptions of
every lesson, find out more
about career opportunities for
trained technicians. There's
no cost or obligation. so send
today. Your action today could
mean your future tomorrow.
If the card has been removed,
please write us today.

NHI NRI SCHOOLS

[} F‘ K
i"‘} ﬁ 3939 Wisconsin Ave,
a Washington, DC 20016

WE'LL GIVE YOU TOMORROW.

McGraw-Hill Continuing
Education Center

.
e

a.
/
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WHAT’S NEWS

“Qut-oi-this-world”
technicians honored

Mission Specialisis George D.
Nelson and James D. van Hoften
have been honored by the Interna-
tional Society of Certified Elec-
tronics Technicians (ISCET) with
the title of Honorary Certified
Electronics Technician. They are
cited for outstanding technical
achievements in space during the
period of April 8-12, 1984, when the
Solar Max satellite was serviced
and returned to operation.

The association of professionally
certified technicians honored the
two astronauts for exemplifying
the highest ideal of the electronics
service industry by:

1. Preparing for the mainte-
nance of high-technology elec-

tronic equipment through study,
training, and retraining.

2. Personal dedication to restor-
ing faulty equipment to a standard
of performance and reliability that
matches or exceeds the original.

3. Performing technically pre-
cise electronics service in the hos-
tile environment of space.

4. Using state-of-the-art tech-
nology testing and service equip-
ment to perform quality service.

5. Demonstrating that adequate
preparation for service is essential
in successful repairs.

The ISCET Board of Governors,
at a special meeting, recognized
the achievement of those two as-
tronauts, working outside the
space shuttle Challenger where
the 5,000-pound Solar Max was

RADIC-ELECTRONICS

NEW LITHIUM BATTERY

Matsushita Electric Co., of Os-
aka, Japan, has started mass
production of the world’s smallest
pin-type lithium battery, 1 mm
long and 2.2 mm wide (0.43 X .087
inch). The new 3-volt battery will
have its first use in ultra-small fish-
ing floats with light-emitting di-
odes (LED's) for night fishing. The
unit price in Japan is 200 yen (a
little less than one U.S. dollar).

SRRR

MATSUSHITA'S LITHIUM BATTERY, which measures 11,X 2.2 mm, makes a lead pencil look

{arge.

The cathode material is polycar-
bon monofluoride and the anode,
lithium. To mass-produce the bat-
tery, Matsushita has to decrease
dimension tolerances to one-
tenth that of previous models. The
3-volt output is twiCe that of silver-
oxide or mercury batteries.

Expected uses are in wrist
watches, calculators, micro-
phones, and hearing aids.

s

—
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berthed. Nelson and van Hoften
used power tools designed for
weighless conditions to change
and repair electronics instru-
ments. This restored the satellite
to operational health for the first
time in three years and added
years to its useful lifetime.

In congratulating the two astro-
nauts, ISCET Chairman, John Krier
CET, of Wichita, KS, cited the ex-
tremely difficult and delicate work
required to repair the electronics
box for the Coronagraph-Polar-
imeter, an instrument that was not
designed to be repaired in space.

Nelson, a Ph.D. in Astronomy,
and van Hoften, a Ph.D. in
Hydraulic Engineering, both
trained for product servicing in
space in special water tanks at the
Lyndon B. Johnson Space Center
in Houston, TX, and the George
Marshall Space Flight Center in
Huntsville, AL.

New solid-state switch
turns on in 1 microsecond

A new high-power switch, de-
veloped for radar transmitters, is
50 to 100 times as fast as compara-
ble devices. Developed by West-
inghouse Electric Corp’s semicon-
ductor division, the T62R is a two-
terminal, four-layer reverse block-
ing thyristor. Its switching transi-
tion is so rapid that the device
conducts a pulse current of up to
2500 amperes within one micro-
second of turn-on.

The rapid transition is attained
by using a high, fast-rising trigger-
ing voltage. That voltage produces
a displacement current over the
entire junction, activating all areas
of the cathode emitter simul-
taneously. The required triggerim-
pulse can be produced by
capacitlve discharge through a
step-up transformer. R-E
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Whether you're pursuing a proud hobby...or earning
a living, don't trust the accuracy of your measure-
ments to anything less than HeathKit instruments.

QOur kits are a little bigger, more rugged than “dis-
posable” instruments that discourage self-servic-
ing. Performance is superior, too. Just check the
specs on our new 10-4360 Scope and |0A-4200
Time-Voltage Module.

Get to know our full line of instruments. They're
built by experienced hands. Your hands. So they'll
save money and help you do a better job. Heathkit
Instruments. Don't trust your pride or money to
anything less,

Heathkit instruments. Some buy
them for pride...some, to save money.

Professional spces for serious uscrs

7 1G-4244 Scope Calibrator. <1 ns
rise fime, 0.015% tolerance.

(@} 10-4205 Dual-Trace 5 MHz Scope.
10mVicm sensitivity.

3] 1IT-2232 Component Tracer.
Checks circuits without power.

| IP-2718 Power Supply. Fixed or
adjustable supply. 5 to 20 VOC.

IG-1271 Function Generator.
Sine. square, friangle waveforms,
01 Hz to 1 MMz,

[ 1G-1277 Pulse Generator, 100 ns
to 1 sec widih pulses,

17-5230 CRAT Tester.
cleans. restares CRT's,

Tests,

@] 1M-2264 OMM. True RMS read-
ings. Analog melering, t0o.

3 IM-2420 Frequency Counter, 5Hz
to 512 MHz, Ovenized osclllator.
Includes period and frequency
modes.

id IM-2215 Hand-held DMM. Five
DC ranges. Accurscy: x0.25% of
reading +1 count.

IT-2250 Capacitance Meter, 199.9
pF t0 199.9 mF. Auto ranging.

[ 10-4360 Scope and 10A-4200
Time/Voltage Module. Triple trace.
60 MHz, <7 na risc time. 10A-4200
controls CRT cursor and mulli-
function display.

Heathkit instruments.
The professional

wicwons FINQTE
measurement
or your

money

r———————————————————

Teke anather ook at 1he lnsiruments
you should be building

FREE

COLOR HEATHKIT CATALOG

Mail thia coupon to:
Heath Company, Dept. 020 224
~  Banton Ha o Ml 49022

Namé . = -

Address

Heathkit

A subsidiary of Zenith Liectiomncs Corporation

City .

———_——_—————J

Company
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VIDEO NEWS

DAVID LACHENBRUCH

CONTRIBUTING EDITOR

¢ RCA's Aundio-Video System. RCA which
discontinued sale of audio products a decade ago,
is coming back t0 sound, adding high-end audic to
its high-end video in a unique system called
Dimensia, which RCA describes as “intelligent
audio-video.” The heart of Dimensia is 8 new 26-
inch color monitor-receiver, rack-mounted with
other audio and videc components, which can
inolude & VCR, AM-FM tuner, record tarntable,
audio cassette-recorder, and a CD player.

The various components are designed to be
connected one to the other—in series—with
special connection cables. The complete system is
integrated so that everything can be operated by
means of one 52-butten handheld infrared
remote-control unit. For example, without leaving
hig easy chair, the user can command the audio
cassette recorder to tape bands two and four from
the compact-disc player, while the VCR is
showing a movie. The programming is done with
the aid of on-screen prompts on the TV monitor,
which then confirms the commands to avoid
mistakes.

The on-screen prompts include such key words
&5 TIME, FLAY, RECORD, STOF, FAST, REFEAT, PAIJSE,
BAND, PAGE, AUDIC A &Nd ADIO B, SEEK, BLOW,
MFEMORY, CLEAR, SCAN, STATUS, ANTENNA, MUTE,
VOLUME, TRACK, &Nd PREVIOUS CHANNEL.
Components may be purchased all at once or a
few at a time and carry the RCA brand name but
are made to RCA’s specifications by Hitachi,
whioh also manufactures RCA's VCR's.

¢ Banyo Enters 8mm. A third company
announced 1t8 entry into the American market
with a VCR designed around the new 8mm video
format. While the first two—Eastman Kodak and
Polaroid—are photography firms making their
debuts in home video with combination camera-
recorders, or camcorders, the third is an old-line
home-video firm.

The company is Sanyo, and its VCR is a deck
without built-in camera, welghing just 2.4
pounds, which makes it the lightest VCR
announced so far Sanyo 18 expected t0 start
selling the new deck here at a suggested list price
of about 81,500 in the fourth quarter of this year.

The companion t¢ the new deck 1s a unique video
camera that looks like a 38mm still camera and
accepts standard 35mm lenses.

Sanyo, which was the first company to produce
both Beta and VHS-format VCR'S, now is the first
to offer all three VCR formats. The company's
subsidiary, Tokyo Sanyo, makes VHS recorders
that are sold in the United States under Sanyo's
Fisher brand name. Sanyo also {s expected to be
the first brand t0 offer camcorders in two
different formats—the Betamovie under the
Sanyo brand, and the VHS VideoMovie under the
Fisher name.

Meanwhile, it was announced in Japan that
Pioneer would enter the 8mm video fleld with a
mode) of its own manufacture, which would be
sold on the Japanese market, but for which the
company has no export plans. It will be the first
VCR to beé made by Pioneer, which offers a Sony-
produced Beta Hi-Fi recorder under its own name
on the Japanese market.

Sony, meanwhile, anncunced it would
manufacture Smm videotape cassettes in Japan,
but has detailed no plans on 8mm VCR hardware.

® CBS Discontinues Videodiscs, Three
months after RCA announced it was
discontinuing production of CED videodisc
players (Radio-Electronics, July 1984), CES
sald 1t was ending production of discs for the
system. CBS had been the only source other than
RCA for pressing of the capacitive discs and
originally had planned to continue disc output,
but noted that its volume declined sharply after
RCA’s announcement. RCA said it planned to
continue producing the digcs for at least three
years and longer if the demand warrants. RCA
and the movie studios continue to0 annource new
releases in the CED format.

After the @loseout of CED players here, the only
videodisc plagers on sale in the United States will
be in the Laservision formas, under the brand
names of Pioneer, Magnavox, and Sylvania. The
VHD format, developed by JVC, is on sale in
Japan by most video manufacturers there, but it
has not besn introduced in any other countries. R-E
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Now there’s 8
new breed of
Beckman Industrial
Corporation hand-
held DMMs tough
enough to withstand
accidental drops,
input overloads and destructive
environments.

The new HD100 and HD110
DMMs 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
DMM s 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
around dirt, 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 Vde. Transient pro-
tection extends up to 6KV for 10
microseconds.

More Meter for
Your Money
For starters you ¢an get 2000
hours of continuous use
CIRCLE 7 ON FREE INFORMATION CARD

WwWww americanradiohistorv comm

from a common 9V
transistor battery.
You can run in-eircuit
- diode tests and check

continuity. You even
get a one year warranty.

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

Also availableis the electrical
service kit. It includes the meter of
your choice, a current clanp,
deluxe test leads and a heavy-duty
case designed tocarry both meter
and accessories, conveniently.

Feature for feature you can’t
find a more dependable meter with
prices starting at just $169(U.S.
only).

To lgcate your nearest 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,

#861 4380100

Beckrmnan [ndoscteizst™
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SATELLITE/ TELETEXT

NEWS

GARY ARLEN
CONTRIBUTING EDITOR
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® Spacenet I in place. Spacenet I, GTE's first
communications satellite, 18 now in orbit at 120°
west longitude. The new satellite covers all 50
states and has dual mode C- and Ku-band
capability. The bird, launched in iate May aboard
an Ariane rocket, is the first of three GTE
satellites. Video programmers using the satellite
include Bonnevills Telecommunications and
American Christian Television System, along
with several voice and data services.

¢ Batellite viewing rights. Two legislative
proposals now making their way through Capitol
Hill will make it easier for satellite earth-station
ugers to pick up whatever satellite programming
they want. The "Satellite TV Viewing Rights Act
of 1984, as the bills are called, would force pay
TV and cable networks to deal with private dish
owners.

Although Washingten insiders concede that the
proposed laws won't make it through Congress in
thig busy election year, they hope that the current
examination will lay a foundation for passage of
similar bills next year The S8enate version,
introduced by 8en. Barry Goldwater and others,
affirms the legality of TVRO reception of non-
scrambled signals, allowing users Lo watch
anything they can pick up However, it bars the
manufacture and sale of unauthorized decoders
that make it possible for users to receive
encrypted signals; that last point was considered

a necessal'y compromise to satisfy program
producers, The House version of the bill wants to
establish a formula of rates and terms for
recelving scrambled signals—forcing pay-TV
networks to deal with TVRO users.

The billa are strongly endorzed by S8FPACE and
other private satellite groups. Supporters are
encouraging TVRO owners to write 1o their
Congressmen and Senators to support the plans,
now known as HR. 5178 in the Houge of
Representatives and 8. 2437 in the Senate.

¢ Teletext news bits. The final draft of the
North American Basic Teletext Specification, a
70-page technical document spelling out precise
details for making teletext reception and
transmission equlpment, has been published. The
U.S. Electronic Industries Association (2001 Eye
3t. NW, Washington, DC 20008) and the Canadian
Videotex Consultative Committee have agreed on
the engineering details spelled out in the
document (EIA Interim Standard #14).

¢ Motorola S8emiconductor Products has
developed a Raster Memory Systern (RMS) a two-
IC microprocessor set that can support the
widely used NAPLPS videotex format; it sells for
only about $20. RMS has 640 X 500 resolution
and can handle vertical or horizontal scrolling,
displaying up to 32 colors simultaneously. It uses
V181 processing, which can convert. a graphics
program stored in memory to the video stream,
producing high-resolution displays. The two-1C
RMSE set consists of the MC884886 raster memory
interface and the MC88487 raster memory
controller; it is highly programmable, and is
dssigned to operate with three of Motorola's
microprocessors.

¢ Mullard, the British-based IC-making
subsidiary of Philips, will offer an NTSC version
of its “computer controlled teletext” IC set. The
company says the IC’s, which support. World
System Teletext, could be built into TV sets by
mid-1985, adding barely $50 to retail prices of TV
receivers. The IC’s are modifications of Philips’'
Euro CCT IC's (BAAB240) and offer higher-
resolution characters and an eight-page storage
capacity, plus a new video-input processor. R-E
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Meet Our New LogicScope 136.
... A True Dual Trace 10 MHz
Digital Storage Scope. Only $495.

LogicScopo

TIME BAGE 4o BAMPLE D ATE

True Dual Trace ¢ 10 MHz Real Time Bandwidth ¢ 3 Input Channels ¢ 1/0 Port
Digital Waveform Storage ¢ Boolean Waveform Operations ¢ Audio Functions
8.25(L)x4.5(D)x1.75(H) Inches * 1.25Pounds * 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 logic analyzers and oscilloscopes .

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

@ 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.
W [ts 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 parameters 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. Qutput in the start-up of the digital device can be
compatred to reference signals to determine the operating state
of the device. Questionable waveforms can be stored for analysis.
B Itslight weight and small size make the LogicScope conve-
nient to take on every service call. The 136 provides much
more information for trouble shooting a digital system or pe-
ripheral thdn a logic probe or digital multimeter, without hav-
ing to lug an oscilloscope or logic analyzer along.

Contact us for the name of your local distributor

| POCCET TECFNOLOGY, INC.

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

CIRCLE 32 ON FREE \NFORMATION CARD
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Learning electronics
IS 1O picnic.

e

\ "
% i

At any level it takes
work and a few
sacrifices. But with

CIE, its worth it.

WWWW.americanradiohistorv.comm
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Whoever said, “The best
things in llfe are free} was writing a
song, not living a life. Life is not
just a bowl of cherries, and we all

ow it

You fight for what you get. You
5]&'1 what you fight for. If you want a

oroth. practical, working knowi-
edge of electronics, come to CIE.

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

At CIE, you earn your diploma.
It is not handed to you simply for
putting in hours. But the hours you do
put in will be on your schedule, not
ours. You don't have to go to a class-
room. The classroom comes to youw
Why electronics training?

Today the world depends on
technology. And the “brain” of
technology is electronics. Every
year, companies the world over are
finding new ways to apply the
wonders of electronics to control
and program manufacturing,
l:)roc&ssing...even to create new
eisure-time products and services.
And the more electronics applica-
tions there are, the greater the need
will be for trained technicians to
keep sophisticated equipment finely
tuned and operating efficiently.
That means career opportunities in
the eighties and beyond.

Which CIE training fits you?

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

1. No previous electronics knowl-

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

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

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

Many people can be taught
electronics.

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

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

tronics course that's right for you.

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

That's exactly what happens
with CIE's Auto-Programmed®
Lessons. Each lesson uses famous
“programmed learning” methods to
teach you important principles. You

lore them, master them complete-
ly, before you start to apply them.
You thoroughly understand each
step before you go on to the next.
You learn at your gwn pace.

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

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

T T T rryrrryrrrirrli
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Cleveland Institute of Electronics, Inc.

CIE offers you an Associate
Degree.

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

You can also prepare for the

overninent-administered FCC

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

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

Print Name

1776 East 17th Street, Clevaland, Ohio 44114
Accratited Mamber National Home Study Council
YES...] wan! 1o learn from the specialists in electronics — CIE. Send me my FREE

CIE school catalog... .including details about the Associate Degree program. ..
plus my FREE package of home study information.

Address

Apt.

City. Stale

Zip

l MAIL TODAY!

Age _ Area Code/Phone No.
Check box for G.1. Bill bulletin on Educational Benefits: (] Veteran [ Active Duty
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LETTERS

CABLE-TV DESCRAMBLING

A few comments about the Ca-
ble-TV Descrambling article pub-
lished in your February 1984 issue.
First, in order to obtain the correc-
tion signal shown in Fig. 8-, the
680-ohm resistor, R10, should be
connected to pin 12 instead of pin
5 of 1C2. The foil pattern must be
modified.

Secondly, one of the multi-
vibrators of 1C2 delays the correc-
tion signal. Changing R18 to a 100-
kilohm trimmer poteéntiometer al-
lows one to adjust the proper de-
lay.

Finally, for those who have diffi-

culty finding the inductors T1, T2,
and L2, the following seems to
work fine: Replace T1, T2, and 12
with 0.1-pH fixed inductors: Re-
place Cl1, C3, and C18 with 100, pF
trimmer capacitors.

SENCER YERALAN

Columbia, MO

IRKSOME PRACTICES

I find two things done by most of
the electronics, computer, and
mechanic/science magazines
most irksome. The first is demon-
strated on page 86 of the May 1984
issue of Radio-Electronics, and re-
lates to the use of the letters

WRITE TO:

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

TRS5-80. By that, | assume you
mean any of the several models of
TR5-80 available. Yet the program
doesn’t work on my Color Com-
puter, a TRS-80, and it most as-
suredly won't work on any of the
TRS-80's that fit into the business
category like the Tandy 2000, the
Model 168, or the 12, which, un-
less I am blind. don’t even have a
cassette port. If you doubt me just
look at the Radio Shack computer-
products catalog Number RSC-11:
It's the “1984 TRS-80 Catalog”. In
short, then, please specify which
TRS-80 you mean!

The other infuriating item,

.K PRECISION [

IS 0SCILLOSCOPES

RADIQ-ELECTRONICS

(]
L]

Fall Specialal

MODEL 1590F | MODEL 13570

MODEL 15608 MODEL 1S40P

REG REG : REG . REG
$1995.00 $1395.00 $1150.00

100 MHz 8-TRACE
4 CHANNEL
DUAL TIME

80 MHz QUAD INPUT
DUAL TIME

o $1095°°

"'” REG
= $695.00
o

MODEL EE-482

DUAL TRACE

fnw $799%

MODEL 318-430

MODEL 14 798P

REG

$795.00 $296.9%

MODEL 1476A

20 MHz
DUAL TRACE eico) DUAL TRACE

1w $450%° | n+ $435°

SHIPPING CHARGES
Far Ordary ADD
325100 $6 50
3100 . 3500 5850
3300 . 3750 $10 50
$T50. and wp. #1500
Pric#l Powy 32000

MASTER CARD -~ ViSA

8.5 MHz
SINQLE TRACE xnista)

o $18Q9

Send Purchase Order, Check.
Money Order or C.0.0.

or Call Toll Free
800-223-0826

INN.Y. State {212) 865-5580

DUAL TRACE

1+ $635°°
OENGKRON

ELECTRONICS
770 Amelerdam Ave. New York. NY 10025

B Write for FREE 136 page Catalog

CIRCLE 90 OMN FREE INFORMATION CARD
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Build your own IBM PC compatible
and save hundreds of dollars.

Heath proud!y announces

the NEW HS-151 Desklop and
HS-161 Portable computers.
One of the world’s largest software
libraries has IBM's name ont.

Now you can run that software on
Heath's new IBM PC compatible
computers, available in easy-to-
build kits.

Can you build one of these cOmput-
ers? 85% of our first-time customers
ask the same question. And the
answer is t00% yes. You can.

In facl. you shoufd build cne. You'll
save a lot of money while learming
about computers ingeneral and the
Heath PC’s in particular.

Bulld confidence...and your new
computer...one step at a time. Two
main circuit boards come (o you
pre-assembled and factory-tested.
50 that you can build the three other
boards, we inctude a test soldenng
board ptus helptul soldering instruc-
tions to make sure you get it nght.
QOur Instruction manuals are easy to
understand, thorough and packed
wilh cogent illustralhions. And once
it's built. the computer guides you

A subsidiary of Zenith Radio Corparation

through a full range ol included disk-

based diagnostics

Expert advice is only & phone call
away, should you need it. You'll
reach a trained consuitant whose

specialty 1s talking sense. not jargon.

We'll do whatever's necessary 1o
make our pledge come true: "We
won't Let You Fail.” Qur entire
business depends on that
simple promise.
Experience a little won-
der and a lot of pride. Save
money. 100, by building the high-
est quality personal computer. The
Heath PC’'s have 128K RAM slan-
dard {(expandable to 640K}, a pro-
fessional keyboard. dual 360K disk
drives and optional Winchester.
These machines are truly complete.
Both are color capable and
MS*-DOS is included.
Check out the Heath PC computers
today. IBM compatibility means
they'll run the most popular soft-
ware. And, with the money saved by
building a kit, think ol alil the periph-
erals and sollware you can buy!

HS5-151 Deshkiop
PC with stan-
darg floppy
disk drive

or optional
hard dish.

I

CINCLE 38 ON FREE INFOHM&‘I’ION CARD

CIRCLE READER SERVICE
CARD. Get more information on the
most rewarding persenal comput-
ers The HS-151 Desktop PC and
HS-161 Portable PC,

"MS 11 A regpstered lracdemark of
Microsolt Corpotabon

For cbmﬁ!@ on the go..._‘
the HS-161 Portabie.

e —

C

The HS-181 has 1he same features as
the HS-151, Amber Monilor included
Convenient keyboard 10ids up, two
disk drives fold down
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which one individual can never
change, is the baloney handed out
by manufacturers. Do you truly
believe that when you buy a car
with certain things “standard”"—
like the radio or air conditioner—
you do not pay extra for those
“standard” features as the man-
ufacturer would have you beiieve?
The “extra” is just incorporated
into the sticker price. That same
kind of hype is used in many ways
by many companies. Not the least
of which Is Apple’s claim that the

Macintosh is a 32-bit machine
when even Motorola, the I1C’s
manufacturer, says it is a 16-bit de-
vice. If, as you indicate in your in-
sert, you use 32-bit only as long as
we remember that you are “refer-
ring to the microprocessor’s inter-
nal architecture”, and not make
such a designation each time you
refer to the Macintosh as being a
“32-bit" machine then, by the
same designation you must always
refer to the TRS-80 Color Comput-
er as a 16-bit machine, because it

IT WASN’T OUR [DEA
TO ADD TWO NEW SIZES
TO OUR LINE OF
ACE BREADBOARDS.

IT WAS YOURS.

Good ldeal You told us you wanted to buiid
larger projects. And, that you needed blg:
ger breadboards 1o build them. Well, our
two naw A P PRODUCTS All Circult

Evaluators are just what you had
in mind.

The ACE 245 has 25% more capacity

than our ous largest tbread-
board. It has a circult bullding
matrix of 4520 solderless, plug-
In tle-points. And, if bigger
is better our new ACE 254
has a clrcuit bullding
matrix of 5424

solderless tie-points.

For the

AP PRODUCTS
dealer near you
call TOLL FREE
800-321-9888.
{In Ohio, cell
collact
(216)354-2101.)

AP PRODUCTS INCORPORATED
9450 Pineneedie Dr, * Bax 540

Mentor, O 44060
(216) 354-210
TWX: 810-425-2250 =¥
In Europe. coact A P PRODUCTS. « GmbH

Barurnieswen 21+ 0.7031 Wl 1 - West Germany

CIRCLE 87 ON FREE IKFORMATION CARD
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uses a 6809 microprocessor, as
does the business/industry-ori-
ented GIMIX system, and several
other systems. The 6809 is 8/16, just
as the 68000 is 16/32. You get what
you pay for! Please don’t continue
Apple’s hype; you do a disservice
to those who make truthful claims,
such as Radio Shack, who has at
least one machine that uses the
68000,

HENRY C. GERNHARDT, Jr.
Huntington, WV

INVERTING OP AMPS

| have been reading Radio-Elec-
tronics for the past three years and
like it very much. Since | am study-
ing electronics in preparation for
my career, | have been reading
your back-to-school series of arti-
cles with great interest. The article
in the May 1984 issue, which cov-
ered inverting op-amps (which
was covered at school two weeks
ago). was confusing in a way and
I'd like to take some time to Clarify

*1y = ZERD IN IDEAL DEVICES

-R2
M‘oc\."t X (-ﬁ"i'

FIG. 1"

the point.

The article became confusing
with so many negative values
being used. | thought that it
should be emphasized that the
gains stated in the example 5-b is
not a negative gain (loss of signal),
but a positive gain (Vo > Vi)
with a 180° phase shift
(+Vi= ~Vgur) | have found it
much easier to note the fact that
the signal is inverted, rather than
writing a negative sign in front of
the gain value,

Also, In Fig. 1, C2is connected in
a reverse polarity. It should be

continued on page 28
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NEW!

uniden
|
Products

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

Bearcat?300-E

List price $649.95/CE price $339.00
7-Band, 50 Channal ® Sarvice Search & No-
crystaf acannar 8 AM AlrGraft and Public
ServiGe bands. ® Prlorilty Channal ® A¢/DC
Bands 32-50, 118-138 AM, 144-T74, 421-512 MH2.
The Bearcet 300 is the most advanced automatic
sCannlng redio that has ever been otiered 10 the
public. The Bearcas 300 uses & bright green {luo-
re8Cant digital display, so H's weal tor mobile
applications The Besrcat 300 now has these added
teatures. Service Search, Display intensity Controt.
Hold Search and Aesume Search keys. Separale
Band keys tapermit 1ock-indlIock-out of any band for
more etficient serviCe search,

Bearcat® 20/20-E

Lis! price 5449.95/CE price §269.00
7-Band, 40 Channal ® Crystaiiass ® Searches
AM Airceeit and Public Barvica bands ¢ AC/DC
Priocity Channe! ® DiractChannel Access * Deray
Frequency rangs 33-50. 118-138 AM taa-174 420-512 MHL
Finc 8n easy chair. Turn on your Beercat 20/20
and you're bn an airplane cockprl Limtening 10 ail
the ai1o-Qround Convertalions. Maybhe you'll pich
uP an eaciing seavchn and rescue migson on the
Coast Guardchannel In 8 Hash, you're back on the
ground listaning a8 news crews repor g fast
brasking story. Or hearing police and lire calts bn
your own neghborhood. in plenty of lime 30 ¥ou
Con lake Drocautions. You can even haar hamradio
fansmisaion. business phone calls and govern-
ment intelligence sgences. Withoul Ioaving your
easy chair. Because YOu've got 8 Searcat 20/20
right beside .

The Bearcar20/20 monnods 40 frequencies irom
T bands. Including aircraft A two-position switch,
1ocated on the Iront panel, gitows moninonng of 20
channels al a time.

Bearcat® 210XL-E

List price $349.95/CE price $209.00
8-Bend, 15 Channai & Crytifalisas 8 AC/DC
Frequency range 32-50. 144-174 4121-512 MHL
The Bearcat 2 1041 scanning mdso s tha second gener-
atvon scanner that replaces the popular Bearcal 210
and 211, 1 had aimo3t twice the BCannIng capadity of
the Bearcat 210 with 1B channals plus dusl BCANNINg
speeds and 8 DHight grean fluorescent dapiay Aulo-
matic saanth hnds new frequencies Festuras Bcan
delay. singie shtenna. patenied track funing and more

Bearcat® 260-E

List price $399.95/CE price $249.00
G-Band, 18 Channal & Priority 8 AC/DC
FreGuency range 30-50, 138-174, 406-512 MH2
KeeD uD with polca and fire calls, ham radio oPerators
and othar tranemision while you're on the road with &
Bearcar 260 scanner. Dengnod with pokca and fire
depirtment coopdratton. fe unkque, Dreclical Shape
and spaial bwo-position MOUNting exchel makes hump
mounted of under dash neraliation possible i any
vehicle. Tha Bearcar 260 i 80 ruggedly buill for motda
uae That /# meets MiMInry siandard 810¢. Curve ¥ [Or
vibration rating INCOMD d In ke rugged. sl metal
case is M apPeCcENy positioned speakar delivernng Jwatts
of crap, clasr autho

NEW! Bearcat® 201-E

List price $270.9%/CE price $170.00
Band, 18 Channal & Crystallass 8 AC oniy
Prlority ® Secan Dafay ® Ona Kay Waaihar
Fredusnty range 30-50, 1 19- 136 AR, 140- 174, 420-312 WMz
The Bearcat 201 DSHormS any SCANAING fUNCHON YOUu
could possibly wmnl With push bution eass. yOu can
erogram up 10 18 channels for suiomatic monficring,
Push another bution snd search for new Irequencies.
Thore are no crystais 1 imi what you wani 1o hear

NEW! Bearcat® 180-E

List price $249 95/CE prica $149.00

8-8and, 18 Channe! * Priority * AC op
Frequency ranga: 30-50, 138-174. 408-512

Poi s andfirficalls Ham radietransmissions Business
and govarnment undercover COSratONS. You can hear i
ull on & Bearcat 180 scannes radid. |maging the thll ol
haaring @ Major news avenl aniodd even belors the
néws organizations can report It And the security of
knowrng what's hiippening in your neighborhood by
heanng police and tire calis in 1ime to take precautions.
Thera'n nO1hING like SCANAING Ic hewn you in-Theknow.
and no betler way (6 ge! scanner rado parformanca at @
vBlu® price than with the Searcar 180,

Bea rcat® 100-E

The tirs! no-crystal progr@mmably handheid sc anne:,
List price $449.95/CE price $234.00/SPECIAL!
a-Band, 18 Channai 8 LigQuid Crystai Display
Besrch * Limi! ¢ Hoid ® Lockout * AC/DC
Fraquancy range’ 30-50, 138-1 14, 408-512 MHL
The wos id s first ne-Crystal hanoheld SCAnNEr has
comprossed Inte a3 2T x 1% case more scanning
power ihan a I9und N many base of Mobde scannes
The gearcar 100 has a full 18 channely with beauancy
cover 1hat ncluces all public service bands (Low,
High. UHF and “T" bandsl. ihe 2-Matar ana 70 cm
Amareur bands. Pive Miilary and Federal Govarnmant
freguencies It has Chrome-plated rys (of tunctiong
that are user CONLIOMML puch @3 kochou!, manual and
auiomatic scan. Even search i prowded. both manual
and automalic. Wow...what & sCanned!

The Sasrcar 100 producaes audo power outpul of 300
milliwatt® is track-tuned and has selgctivity of betier
1han 50 0B down and sansitivity of 9.8 microvolts on
VHF and 10) microvolls on UHF. Power Consumption i
wapt sxtremely low by umng $ liquid crysiai displa¥ and
axchubve Wow power integrated ercuils

Included in gur [ow CE price is @ sturdy Carrying Case.
earphons, bellary charQer/AC adapies, six AA nrcad
baitenes ang Mexible antonns. The Bearcar 100 » in
stock 1OF quick Shipmend, 80 Oroef your scanner today.

Bearcat® DX1000-E

Lisl price $649.95/CE price 5489.00
Frequency rluggolo KHZ to 30 MHL
The Baarcar DX shoriwave racdkd makes tunng in
Longon as apsy 43 dialin @ phone. [t teeiures PLL
Bynthes zed Sccuracy, twoe Bma zone 24-hour dighal
qQuartr cloch and 8 buijtkin timer to wale YOu IC yOur
lavorte shortwave station It Can Dé PFOQfammed 10
ACtivate pefipheral equipmant ke @ tape recorder lo
racord up to live diferen! brosdcasts, any frequency,
any mode. while You 8re asieep o a1 work. [Lwill receive
AM. LSB, USB, CW and Fi brosdcasta

AdvBt Dewn an edsil way Io hear what tha
world has 1o say. With {he Bearcat DN1000 anortwave
recatver, you now have drec pccess IC the world,

Uniden® PC22-E

List price $158.95/CE price $99.00

The Urniden PC22 s 840 channel AM remais motuie CB
radic. IV athe answer forloday's smaliercarswhich don't
always orovide adequate space tor mounting. Since ail
the coniroly are on 1he MIGrophone. you can 3takh 1he
“guts” bn tha trunk. The MICrOphone had LR/ down
channel selector. digital disptay, T/RX indicator and
axtemnal speaner jack Dimensions 58" Wx T On
1% H. 13.8 vDC. positive or negativa Jround
QUANTITY DISCOUNTS AVAILABLE
Order two scannersatthe 3ame time and deduct
9%, for three scanners deduct 2%, four sCanners
deduct . five scanners deduct 4% and six or
more scanners purchased at the same time
sarns you & 5% discount off Qur super low
single uait Price.

Exrraneas Sgnals )‘

TITITTTTTTT:

EFFFITYFrYITY

Exrruncums Symals B j,

s
Boh Bundii™ saader destcnit EDHT. the
Ebrcerome: Dhma | niefowence ot iyt

falwr sl ugrals
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Uniden® PC33-E

Lis1 price 559.95/CE pPrice $44.00

The Uniden PCI3 boasts § MuPercompact case and
front-panai mike CoOnnector to fit comtortably s today s
smaliar cars. Controls: Power L voluma, Sausich;
Swiiches AML Other teaturas of the PCI3 Include
Gradunied LED " 5/RF Metar. Digital channa! Incicator,
Dimensionk 8" W & 0 x 1% H. X138 VDC

Uniden® PC55-E

List price SBB.D-‘NCE&s ® 559.00

The ! teatured Uniden 5 front-panel mika con-
AOCIOr mAke S INBIAILAION B8N B when SRACE s IBC1ON.
1t has ANL. PA-CB, Channel @ and AF Gain swilches
LED*"S"/RF mater. TX ite, PA & axiernai siedher [achs
Dimensiony: 6" W x 8" D3 1%" H 138 VDG

Bandit™ Radar Detectors

Now that everyone elSe hastaken their best shot at
radar datacuion, the Uniden Bandit™ hasdone them
ore better..with E.D.LT." the Elecironic Data
Interterence Terminatd thal sctualty editsout
false alarm signals.

The Bandit 55_teatures aconvanientbrgniness/
dimmes COnrOl for comiortable day or night driving.
Plus & handy highwayfefty Controld {or maaimum
Hexibdity wharever you dnve The Bandit 85 Remote,
5 & tworPiece modular unit that lets You mouni the
long-range radar anterna behind the gril, out of
viaw, The ultre-compact control unit can then be
iNCONEDICUOUSIY tuched under the dash or clipped
tethe visor.Qrders Bandil 55-E tor $119.00 each or
the Bandit 85-E Ramoe for $138.00 each.

OTHER RADIOS AND ‘CCESSORIES
FB-E-E Fraquancy Ditectory for Eastern LB A 2.00

FB-W-E Frequancy Dreciofy Ior Western LS A $12 o0
BC-WA-E Blanrcat Wedthge Algr”, . 123500
ABO-E Magnat mownt mobde anlennd 13500

A70-E Base station snisana 5 524 00
Akt 5.3 00 shippineg Ior s scos 150084 ordasrad i THhe 28me Bme
Add $3 00 shODING DS SCENNT Sntenil
BUY wiTH CONFIDENCE

To get lhe fantent delivery from CE ol any
preduct in this ad, send or phone your order
directly to our Scanner Distribution Center’
Michigan residents piease add 4% sales tax or
supply your tax i.D. number. Written purchase
ofders are accepied {from epDiOved govefir
ment agencies and most well rated firms at a
10% surcharge for net 10 bidling. All 8ales are
subjeci to avallability. acceDance and verfica:
tiof. All sates on aocessortes are final Prices,
terms and specificaiions are subject 1o change
without nOtice. Allprices arein U.S. dollars. Qut
of slock tems wall be piaced on backorder
aulomaticelly unless CE is instructed ditier-
ently. A $5.00 additional handling lee will be
charged for all orders with 8 merchandise 10tal
under $50.00. Shipmenis are F.O.B. Ann Arbor,
Michigan. No COD's. Mosi products that we sell
have a manulacturer's warranty. Frae copies of
warranties on these producls &re avaiable
pricr {0 Purchase by writlng to CE. International
orders are Invited with a $20.00 surcharge for
special handling /n addition to shipping charges.
Non-certitied checks reduire bank clearance.

Mall orders to: CommuniCations Electron-
wcs, Box 1002, Ann Arbor, Michigan 48106
U.S. A Add57.00 per scanner, radar detector or
CB or $12.00 pershortwave receiver lar U.P.S,
&mundshipping and handlinginihe continental

S.A For Canada, Puerto Rico, Hawail Alasha,
or APO/FPO delivery. Shipping chafles are
three times continental U.S. rates. If you have &
Visa or Master Card, you may call and place &
credil card order. Ordertoli-free inthe U.S. Dial
800-521-4414. In Canada. order toli-free by
calling 800-221-3475. WUI Telex CE anytime,
dial 871-0155. If you are oulside the U.S. orin
Michigan dial 313-973-88R8. Order today.
Scanner Distibution Center™ and CE logos ara irsde-
marks of Comm El = Ade070184-E
1 Bearcal i 8 régatersd trademyrk pl Liniden Corporaton
Copyright© 1984 Communications Elsctionica

OrderToll Free...call

1-800-521-4414

Al COMMUNICATIONS
ELECTRONICS™
Consumer Products Division

815 Prosns O Box 1002 [ Ann Artior. Mchin 48108 US A
Cotl TOLL.FREE BO0-321-4d14 oF oulute U 84 3138738884
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¢ 0.3% Accuracy

¢ Manual or
Autorange

¢ 10A + MA Range
¢ Beeper

¢ “Touch-Hold"
Function

77

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

4% DIGIT
MULTIMETERS

534900

MODEL

-
POWER SUPPLIES

FLUKE"7

SERIES :
MULTIMETERS -

* Analog Display * Rotary Knob » Voits AC &

DC « Resistance to « 32 M{1s 10 Amps * Diode
Tast » 3200 Counts * Fast Autoranging * Function
Annunciators in Displa[ » Power-Up Self Test
s 2000 + Hour Battery Life w/ Power Down  "Slee}
Mode” » New Test Leads * VDE & UL Approval

¢ 0.5% Accuracy

lﬁ

299"

¢ 1solaled 0-50VDC, conlinudusly
variabla: 0-24 in four renges

* Fully sutomalic shutdown,
adjusiabls current Iimitt

* Perlact tor soild giats sarvicing

* Sina, sQuare and triengle Sutpul

* Variable and fixed TTL outputs

¢ 0.1 Hz 1o 1MHz In six ranges

* Push button rengs and lunciion
salaciion

* Typical sine wavae distortion
under 0.5% rom 1 Mz 1o 100kHz

MODEL
1601

# FUNCTION GENERATORS

¢ 0.7% Accurac
FLUKE * Manual or . Autc:range Onlyy
. Autorange * 10 Amp Only
. ;ot‘ot;l‘l.;:ncv massusmanis 1 s 10A + 300 mA
z
+ dB massuremanits Range :'K.F'#H'L\m'l.
* Banic dc atcuracy 0.4%; 10V, s Beeper L
10 nA and 10 m{} sanaithvity 70 MHz Dual Time Bast
: :::l::‘;\ulummenll SCDEE MODEL
INDUSTF"AL 3
TRANSISTOR 5 E "
TESTER i
e
MODEL
5208 muﬁméﬁﬁ

8 Now wilh HI'LO Drive

Workas in-clrcuil when
others won't

[ tran-
* Exclusiva Iraching thrcult ﬁ:{::‘:::;." T
¢* Flxed output SVDC, 54
* Two 0 to 25VDC outpuls at 0.54 & Rendom lead connection
* Fully sulomali¢, curmant-mited 8 Audibly and visually in-
overicad protection dicates GOOD transistor
MODEL

g

8199 95
SWEEP FUNCTION MODEL 830

* Four Instrumants in one package 8 Automastically mea-
— aw®ep Qenaratof, funcilon
nerator, pulss gendrator. lone. sures capacitance
o o trom 0.1pF to 200mF

bursl genersior
* Covars 0.02Hz-2MMHz ‘s 0.1pF resolution
8 0.2% basic

* 1000:1 luning range
* Low-distorion highsccuracy sccurscy
a 3'% digit LCD display

MODEL 1650

* Funclions gg thrae separais
suppliss

oulputs

* ImVidivision sensitivily 10 70
MH2

* 500 i vidivision cascade
sensilivity

* Four-input operalion Provides
trigger view Of 4 separsta Input:

* Attarnale time base opsration

* Switching power suppty defivers

besi efficiency and fegulation ai
lowest wolght

CAPACITANCE METERS

$15Q% S e

MODEL 820
8 Resolves to 0.1pF

8 4 digit sasy-to-read
LED displsy

8 Fuse protected
#Qainst charged
capsacitors

a Overrange Indicatlon

WWWW.americanradiohistorv.comm


www.americanradiohistory.com

HI-PERFORMANCE
PORTABLE
OSCILLOSCOPES

BECKMAN'’S CIRCUITMATE ©

ALL UNDER $100

AVAILABLE NOW. . ..
389 95

36 4 95
Circultmate DM 45 —

Clrculimate DM 20—
3% -diglt, pocksi-size
multimeter, 0.8% Vdc
accuracy. diode lost,
hFE test, cenductance,
10 amps AC and DC
ranges, auto-polarity
autc-rero, auto-
decimal

3% digit muntimeter,

379 95 0.5% Vdt accuracy.

dlode test.continuit
Circultmate OM-25—
3% digit, pocke'-size
multimater, 0.5% Vac
accuracy. diode test,
capacltance, continuity
beaper, conductance,
10 amps AC and DC
ranges, auto-polardy,
aulo-Z8ro, auto-
decimal

369 95

GCircuitmate OM-40 —
3. -digit multimeter;
0.8% Vdc accuracy.
diode 195t aulo-
polarity, auto-zero,
avto-decimal

[z

and ggrrgggaer:.p:u?o‘
TOLL FREE HOT LINE

800-223-0474

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

THE TEST EQUIPMENT SPECIALISTS

" ELECTRONIC

V-1050

1,249

V-1050F

100 MHz Quad Trace
widelay sweep

v-ssoFs939 o

60 MHz Dual Trace
widelay sweep

BAICE DOES NOT INCLUDE
PROBES. PROBES $50, A PAIR
WHEN PURCHASED WITH SCOPE
115 SHIPPING WITHIN
CONTINENTAL US.

— R~

The DM73 is the smallest di Illl
multimetar on the market.
Frobe»style design makes it Ideal
or taking measurements in hard-
to-reach test areas.

*Small Size
*Complete
Autoranging
*“Touch Hoid"
* Audible
continuity
376 95 checking
The OM 77 gives you
the canvenience of
autcranging plus 10
amps acidc
measurameni

capability. You slmrly
splect the funcl

Jou want, and the

OM 77 automalicaily

asals the required

range

ADVANC

WwWww americanradiohistorv comm
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THE
RIGHT
STUFF

The growth ol NTE quality replacemert parts has
been nolhing short of astonomecal. Ang the proo!
is in our new 1984 Repiacement Master Guwie,
destned (o be 1he standard directory lor rechmcians
across the coumry. fn excess of 3,000 quality NTE
types are cross-referenced lo maore than 220,000
industry parl numbers.

[ YOU'LLFIND ALL THE RIGHT STUFFFOR |

REPLACEMENT, MAINTENANCE AND REPAIR:

* Transistors » Memory IC's

- Thyfistors « Thermal Cut-Otts

« Integrated Circuits - Bridge Rectifiers

« Rectifiers and « Unljunctions
Dioges « RF Trans:stors

« High Voltage « Microwave Dyen
Multiphers and Rectiflers
Drviders « Selenium Rectitlers

* Optoelectronic - NEW! The Protector
Devices 6000™ Transient

« Zeners VoRage Protection

« MICroProcessors Strip
and Support Chips f

Look lor our Replacement semiconductors in the
bright green polybags and cartons thai list rating
hmns, device type, diagrams and competitive
replacement nght on the package. NTE quality
parts are availabla trom your Jocal NTE disinbutor
and come backed by our exciusive rwo-year
warranty. Ask for your FREE NTE Replacement
Master Gurde and 1ake off with NTE!

NEW -TONE ELECTRONICS, tNC.

44 FARRAND STREET - BLOOMFIELO, NEW JERSEY 07003

WWWW americanradiohistorv. comm

USE
YOUR
READER
SERVICE
CARD

LETTERS
continued from page 24

connected with the positive lead
to ground.

CURT SWANSON

Maple Grove, MN

You're right about C2. However,
you shouldn’t assume that a nega-
tive gain necessarily indicates a
signal loss. An amplifier that has
an output smaller than its input
has a gain (be it negative or
positive) between 0 and 1. A nega-
tive gain indicates a 180° phase
shift.—Editor

RADAR AND THE SPEED LIMIT

Regarding letters that concern
radar and the 55-mile-per-hour
speed limit—| have enjoyed read-
ing the stimulating comments
from others about those contem-
porary issues that are directly re-
lated to products in the consumer-
electronics market.

However, might | suggest that
1984 would be an appropriate year
for Radio-Electronics to feature ar-
ticles on attempts by munici-
palities to ban home-satellite
antennas, radar-detectors, and
mobile scanners.

Many readers may also be inter-
ested in the subject of privacy and
security in thelr telephone com-
munications, home banking, and
cable-TV viewing. Please continue
offering your readers enlightening
articles and challenging con-
struction projects.

THOMAS R. CICCATERI
Santa Rosa, CA

GOOD FORMAT

I want to sincerely thank you for
not selling out your excellent for-
mat. 1 am a totally self-taught elec-
tronic designer and | work on
state-of-the-art electronics and
software for industrial instrumen-
tation. | taught myself using texts,
hands-on-experiments, and maga-
zines like yours. Thank you for
keeping electronics articles that |
can sink my teeth into, along with
keeping up on computers and
software.

MICHAEL CHRISTOPHER
Dayton, OH R-E
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AMAZING.
BaK-PRECISION's under $170
(0] MHz frequency counter.

POWER
A
osansnon 1803 on on Lpr

oveiR
SH: ™ 100 MHE
- @

100 MHz FREGUENCY COUNTER

200 V¥ MAX

MODEL 1803
$169

SHOWN ACTUAL SIZE

SIMPLE TO POWER
garrm OR AC LINE

PERATION
[ADAPTER INCLUDED)

200 Vv MAX

i R For more details on the amazlng 1803 and the full line
:.OL‘ER mﬁ&% ?%5%1{55 Tﬁ %ﬂm of new B&K—PRECIS;ON uen%coumen see your local
; ¥ X A
PREQUENC 1 dustributoror call 1-31 2-88

», Y INA
oA PRECISION gonpogg'l%m
6460 W, Conlland Street* Chicaga, IL 50635 12 889-9087

intecnational Saies. S480 W Cortland 8t., Chicego, IL 80838
Canad

ian Sales. Atlan Electionics, Onlasic
South and Central Amencan Sakes, Empire Exporters, Palnview. NY 11503
CIRCLE 15 ON FREE INFORMATION CARD
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Diskette _ |
# l\ *
users--- (’." ;

i-c‘-- '
Whenyou've ~ “ .
heard from Wir o
all the
animals in
the diskette
zoo, butyou § /A
need fast
delivery and Aﬁ
high quality -)'
diskettes...

Call Communica tions Electromcs
Diskette order desk

800-USA-DISK

In Canada 800-CA1-DISK - f : i
Choose your brand  Super Disk Wabash BASF IM

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

Chﬂﬂse vuur price $0.94 each $0.99 each $1.44 each $1.44 each

CE Namat CE pmt CE baml GE tamt

'

|

Product Description G e AL Ly A ARSI Y o S e U . 3 R S B P L
¥ SSSD 1IBM Compalible 128B/S. 28 Sector = - — A11-P 159 _ 135300 154
& SS50 Shugart Compalibie, 32 Hurd Sector —_—— - — kP 17¢ e — —_— —
8 3500 1BM Compatibla (128 B/S, 26 Seciors! - - == Fi31-p 189 — —_— S3550-P 239
%" DSDD Soft Sector (Unformated) —— - Flidg-P 200 —_— —_— SASAR-P 289
& DSDD Solt Sactor (256 B/S, 26 Sectors) — — FLA4-P 100 ) — —_— —
&" DSDD Sof Sector (512 B/S. 15 Sectors} — — Flab-p 209 —
& DSDD Soft Sector (1024 /S, B Sectors — - — Fdr-e 00 —_— 23228 19241 289
5¥" 5550 Soft Sector w/Hub Ring (T334 ] 1.14 [ IR1 32 118 e — o — T
5%~ SS80 Same as above but bulk product [THR0 o nae-r i%-] ——
8%" SS50 10 Hard Sector w/Hub Ring e — MdTA-P 119 e —_— —rr
B%"” S500 Soit Sector w/Hub Ring saal-r 1.9 AlA-r 1M il 1.44 AN AP 1.
%" SSDD Same sa above. but bulk proouct HH-r 108 A13e-r 1.14 - - — ae-a-r 144
SW" 5500 Soft Sector Flippy {use both sides) premie [ T3] 199 —_
5% SSDD 10 Hurd Sector w/Hub Ring —_— HAIA-P 134 —_—
5%~ DSOD Soft Sector w/Hub Ring al-r 154 kP 159 (1111 84 (B4 ) Aas-an-r 219
S5%" DSOD Same as above. bul bulk produdt M- 1.3 LIPS 1.19 - =
5%" DSDD 10 Hurd Sector w/Hub Ring — Nadik-P 159
S5%" DSDD 16 Hard Sector w/Hut Ring — L (778 ] 159 —— — —_— —
5% DSDD Soft Sector wiHub Ring 186 TP 11-r 244 Hikkp 249 ML Fd ] Eon-an-r .09
3W" 8800 Soft Sector micro-floppy == HI12-p N Mine-r an
Litutime werranity @ yoar warrsnty Lifatime warranty Litatima warranty
For more |nformat|on [Ty Py T e oy Il 8 W) ool For man e o0 8300 W0 e B xte o O et
aboutithisbrand:call: 2 St alIsh 8 = (S SEa 220 888D

CIRCLE 35 OH FREE INFORMATION CARD
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CE...your best source for diskettes

Foryou the diskette buyer, it s a jungle out there. There are
50 many different brands to choose from, you need to goon
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 choice at a CE price. To save
you even more, CE also offers bulk product where 100
diskettes are packedinthe same box without envelopesor
labels. Since we save packaging costs, these savings are
passed on to you. Diskette envelopes are also avallable
from CE. These supPer strong and tear resistant Tyvek®
envelopes are only $15.00 per 100 pack. Use order # TE-5
for a 100 pack of 5%" diskette envelopes.

Quantity Discounts Available

Our diskettes are packed 10 disks to a carton and 5 or 10
cartons to a case. The economy bulk pack is packaged 100
disks to & case without envelopes or labels. Please ordar only
in increments of 100 unhs for quantity 100 pricing. With the
exception of bulk pack, we are aiso willing to accommodate
your smaller orders. Quantities less than 100 units are available
in incraments of 10 untts at a 20% surcharge above our 100
unit price. Quantity dlscounts are also available. Order 300
or more disks at the same time and deduct 19%; SO0 or more
saves you 2%; 1,000 or more saves 3%, 2,000 or more saves
4%; 5,000 or more saves 5%; 10,000 or more saves 6%;
50,000 or more saves 7%, 100,000 or more savas 8%,
500,000 or more saves 9% and 1,000,000 or more disks earns
you a 10% discount off our super low quantity 100 price.
Almost all our diskettes are immediately avallable from CE.
Our efficient warehouse facilitles are equipped to help us get
you the Quality product you need, when you needit. tf you need
further assistance to find the flexlble diskette that's right for
you, call the appropriate manulacturers compatibliity hotline
telephone number listed al the botiom of this ad. Dealer
inquiries invited.

ol FLEXERE DS

o] SRR

Buy your diskettes from CE with confidence

To gat tha fastest dellvary of your diskettes. phone your order directly to
ouwrorder desk andcharge i to yourcredit card. Written Purchase orders
are accebted from approved government agencies and moat well rated
firma st 8 10% aurcharge for net 10 billing. For maximum savings, your
order shoutd be prepaid. All sales are subject to availabliity. accept-
ance and verification. All sales are final. All prices sre in U8 dollars.
Prices, 18rms and specificalions srs subject 1o change withoul notice.
Out of siock ltems will be be piaced on backorder or aubatituted for
equiveleni product at no extra cosl 10 you unless CE s instructed
diterently. A$5.00 additional handiing fee will be chargadior all orders
with 8 merchandise tolal under $50.00. All shipments are F.0.8. CE
warehouss in Ann Arbor, Michigan, COD terms are availabie. in US,
UPS areasor $5.00 extra. and are payable with cash of cerifled chack
For shipping cherges add $8.00 per 100 diskettes and/or any
traction of 104 8-inch diskettes, or $8.00 per 100 diskattes and/or any
traction ot 100 8%-Inch or 3%-inch diskettes for U.P.S. ground shipping
and handling In the continental U.S. UPS 2nd day air rates are three
timas continental U.5. rates. For Canada. Puerto Rico, Hawail, Alaska,
of APO/FPO delivery, shipping 1s three times the conlinental U.S. rale
Mall orders to: Communications Electronics, Box 1045,
Ann Artor, Michigan 48106 ULS.A. If you have a Visa or Master
Card, you may call and place a credit card order. Ordertol-free
in the U.S. Dial 800-USA-DISK In Canada, order toli-free by
calling 800-CA1-DISK If you are outside the U.S. or in Michigap
dial 313-973-6888. wUl telex anytime &7 1-0155. Order today.

Copyrighl @ 1284 Ce Memth E Ad o0B0OZAA
4 COMMUNICATIONS .g_ﬁ
ELECTRONICS™ -

Computer Products Division

Box 1045 O Ann Arbor, Michigan 48106-1045 U.S.A,
Call toll-trae 800-USA-DISK or outside UBA. J13-973-8888

Inc.

| ] . .Mlm
Verbatim Memorex Ultra ~ TOK Fuji Dysan
diskettes =% diskettes == diskettes =% diskettes == diskettes &% diskettes =2
$1.59 each $1.59 each $1.59 each $1.59 each $1.59 each $1.94 each
o0 b ] e e (11 ::am-t ol ﬁ "cln fa(n"nm
'r.:“: ﬂll! ‘lll't"l-ﬂ r:::‘ lll!llhml r::nc .l: 'm-n‘;] fil & o llu";l Pat & p‘lrlll P:"; o lllll T;I
—— — ie-r 1.4 nirer 194 -5 M mitanr 1. IMTHIES 249
= = Hik-P 1.54
_ —— n-F 239 = —= e wionok-r 2169
— —— sieter 289 1ni-r 288 ksr 209 Fazh-r bd ] Hin-r 14
———— : 04-r 204 ’m-r 289 FEEgi024-0 209 F‘Hl-llu-! 2!9- -‘O‘Tll -17
Ro-r 159 $401-p 159 Ham-r 159 157 TSQ— -Illl-l zﬂ— -NI-I;-! ‘l:
—_— = B2aqt-p 199
2ini-r 254 1:! 219 BLadl-P 218 [ 14 2 44 219 nr 219 Hih-r 26
1) 335 -:l'l: Fa ] 0P m -5 _Zﬁ Ilt:l’ﬂ-l 259 Mral.? 3159
—_ ne-r in JESE— 121 44 pd ] -

LiNetim & warranty
For iy il 0 Ay 0l

408-728-7177

Werdor-Frider 0 ma-d 9 PT

& rear warranty
L RO T

B00-448-1422

Nettoy Fridry Dom-dpm 1

Liletime warranty
Fot oy Inde o0 Narbpliey cal

800-538-8589

o Cabtarsly 401-245-4480

Litetime warranty
For e ughs 00 Fll il

B800-223-6535

In W Yok TLE-728-2033

Lifetime warranty
" h ey iy e Tl

B00-645-6571

It Brw Tork RUQ-§20-100

Lifatime warrenty
For ey D m e ol

800-552-2211

o o SEL-ETH-RANL

CIRCLE 35 ON FREE INFORMATION CARD
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NEW IDEAS

Add-on scope multiplexer

HAVING A DUAL-TRACE SCOPE 1S A LUX-
ury that many of us, unfortunately,
must do without. However, with
the simple circuit we’ll describe,
you can add dual-trace capability
to your single-trace scope at a cost
of less than $5. Unfortunately, the
device has one major “drawback,”
it only monitors logic levels (TTL
and CMOS$); but at that price, who
cares!

How it works

Figure 1 shows the multiplexing
circuit that lets you view two traces
simultaneously. The operation of
the unit revolves around three
IC’s: a 4093 quad ~anD Schmitt-
trigger, 4066 quad analog-switch,

and a 7555 timer (that is used to
gate IC2-b and 1C2-c on or off.)

The device can be powered from
a supply ranging of from 4.5 to 15
volts, and draws less than 2 mA,
With a supply of 5 volts, the unit
may be used to monitor TTL or
CMOS logic-levels. At higher sup-
ply voltages (15 volts), it may be
used to check only CMOS logic
signals.

To make the operation of the
unit a little easier to understand,
we’ll first look at the two input cir-
cults separately and then see how
the switching action of the circuit
is handled.

when ahigh is fed to proBe 11N, it
is inverted by 1Ct-a and once again

WWWW.americanradiohistorv.comm

by 1Ct-b, so that the input to 1C2-a
is high. That high causes the
“switch conlacts” in 1C2-a to close.
With the “contacts” closed, a high-
level output is presented to the
input of 1C2-b.

Meanwhile, let’s suppose that a
high is fed to proge 2 IN. That signal
is then inverted by ICt-d and rou-
ted to I1C2-d, causing its “contacts”
1o open and the unit to output a
logic-level high. The output of IC2-
d is then fed to 1C2-c.

Unless a gating pulse is pre-
sented to both 1C2-c and 1C2-d,

continued on page 112

NEW IDEAS

This column i devoted Lo new eas, cir-
cuits. device apphcahons, constructon 1ech-
ues, heiphyl Peis, e

Al pubiished antries, upon publication. wilt
eam $28. i addmon. for U.S. residents only,
Parunnse will donate thew model J33—The
Rap«d Assembly Cucuit Board Holder, haing
a refall price of $39.95. it features an eignt-
POSIBON rotating adjustment. ndexing it 45-
degree iINCRements, Bnd X DO I0CK DOSI-
tions in the vericai Plane, giving you a full ten-
inch hewgnt adiusiment for comitrnatie work-
ng

I_agree to the above terms, and grani
Aadig-Electronics Magazine the rghl (o
Publish my ioea and o subsequentty re-
publish my xdea i collections or comglations
of reprints of similar artcies. | deciare that the
attached «ea s My Own Orgenal material and
that ts Dublecalion does Not viclate BNy other
COopyTight. | also declare that this matenal has
not been previousty published.

Title of idea

Signature =

Print Name Date

Street

City Stale Jp
Ma:l yow idea along with this coupon
3. New Ideas Radlo-Eiscranics,

200 Park Ave. South,

New York. NY 10003
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Now electronics technicians can get into VCR Servicing quickly and easily

Learn professional VCR servicing
at home or In your shop
with exclusive videotaped
demonstrations

Today. there are more than 10 million
VCRs in use, with people standing in
line to have them serviced. You can
bring this profitable business into your
shop with NRI professional training in
VCR servicing. This top-level training
supports the industry’s elaim that
the best technicians today are those
who service VCRs.

Integrated Three-Way
Self-Teaching Program

In one integrated program. NRI
gives you a siudy guide, 9 instructional
units, 2 hours of video training tapes
accompanied by a 32-page workbook
that pulls it all together. At home or in
your shop, you'll cover all the basic
cancepts of video recording, mechani-
cal and electronic systems analyses,
and the latest troubleshooting tech-
niques. Your workbook and instruction-
al units also contain an abundance of
diagrams, data, and supplementary
material that makes them valuable addi-
tions to your servicing library.

The “How-To’* Videotape

Your NRI Action Videocassette uses
every modern communications tech-
nique 1o make leamning fast and ¢asy.
You'll enjoy expert lectures and see
animation and video graphics that make
every point crystal-clear. You'll follow
the camera eye into the heart of the
VCR as step-by-siep servicing tech-
niques are shown. Both electronic and
mechanical troubleshooting are covered

. . including everything from com-
plete replacement and adjustment of the
recording heads to diagnosing micro-
processor control faults.

Plus Training On All The
New Video Systems

Although your course concentrates
on VCRs covering Beta, VHS, and %4°
U-Matic commercial VCRs, NRI also
brings you up to0 speed in other key
areas. You'll get training in capacitance
and optical video disc players, projec-
tion TV, and video cameras. All are in-
cluded to make you the complete video
technician. There's even an optional
final examination for NRI's VCR Pro-
fessional Certificate.

The Best Professional
Training

This exclusive self-study course has
been developed by the professionals at
NRI. NRI has trained more television
technicians than any other electronics
school! In fact, NRI has consistently
led the way in developing troubleshoot-
ing techniques for servicing virtually
every piece of home entertainment
equipment as it appears in the market-
place.

Satisfaction Guaranteed
.+ .15-Day No-Risk
Examination

Send today for the new NRI Self-
Study Course in VCR Servicing for

Covers Beta and VHS
systems with actual

——

instructionon
videotape.

Professionals. Examine it for 15 full
days. look over the lessons, sample the
videotape. If you're not fully satisfred
that this is the kind of training you and
your people need to get into the profit-
able VCR servicing business, return it
for a prompt and full refund, including
postage. Act now, and start adding new
business to your business.

Special Introductory Offer

This complete VCR training course
with two hour videotape is being
offered for a limited time only, on
orders received from this ad, at our low
introductory price of $179.95. Save
$20 by acting now!

NRI Training For Professionaly
McGraw-Hill Continuing Education Center
I M ondn e e G D001

} Get me started i profitable NRI Training For Professionals

s YCR servicing. Rushme my McGraw-Hill Contiwing
NRI self-study course in VCR Servicing for f Education Center
Professionals. I understand 1 may retum it for ) 1 3939 Wisconsin Avenue
a full refund within 15 days if not completely l"ﬂ I . Washington, DC 20016
satisfied. n
PLEASE SPECIFY TAPE FORMAT DESIRED (0 VHS [ BETA
Name (plezse print)
Company
et
Ci )W.l__
Esclowd nmy [ check [ money order for $179.95 (D.C- residents add 6% 1) Make check pavablc to NRI
Qupew O VIsA O MasierCand =

Leterbank Number
CardNumber — Expiraon Date.
Srpnature
{required for credit cand sales) 2600-104
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QUIPMENT REPORTS

IF YOU ARE IN THE MARKET FOR AN

outstanding oscilloscope for pro-
Hameg A:mdel HM605 fessional or scientific applications,
Oscilloscope

we recently had the opportunity to
examine a unit that we feel merits
your consideration. |t is the model
HM605 from Hameg (88-90 Harbor
Rd., Port Washington, NY 11050}
Its features and performance
make it ideal for a wide range of
demanding applications.

A 60-MHz oscilloscope
with a built-in
component tester

The HM605
The oscilloscope is a dual-trace
type with a bandwidth of DC to 60
MHz. It features a rectangular CRT
continued on page 40

CIRCLE 101 ON FREE INFORMATION CARD

A.W. Sperry Instruments introduces

The 4Y2 digit DMM wit

the 3'2 digit price.

nother A, W. Sperry Instruments firat
combines the precision of 414 digit readings wi
wanted features you've been looking for. We've e
bullt-in frequency counter (up to 20%%1-1:)! With 9 func
33 ranges. the DM-T7010 = sxpanded capability com

And that's not all! Included among the special functions
into the DM-7010's small. self-contained housing are: conduc
diode test and an instant audible continuity check. The DM-
has a basic DC Volt accuracy of 0.05% and loads of bullt-in
safoty features.

You'd expect to pay $300 or more for an instrument boasting this
kind of performance, yet the WS DM-7010 can he yours {or a low
$170! Now there’s no need to pay more for the accuracy and qual-
ity you need in a DMM.

or more information, call your distributor or A.W. Sperry Instru-
ments, Inc.. P.O. Box 9300, Smithtown. N.Y. 11787. 800-645-5398 AWS BH-7010
Toll-Free (N.Y.. Hawaii, Alaska call collect 516-231-7050). e e

A.W. SPERRY INSTRUMENTS INI
The Measurable Advantage.
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Where's Your ELECTRONICS Career Headed?

R
-;

your niove.

The Move You Make Today Can Shape Your Future

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

B. S. DEGREE

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

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

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering
2500 South La Cienega Bilvd.
P. O. Box 35499
Los Angeles, CA 90035

Independent Home Study Can Prepare You

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

Recognition and Quality Assurance

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

We ore 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 20035,

10-84
P. O. Box 35499, Los Angeles, CA 90035

Grantham College of Engineering
Plaase mail me your free cotalog which explains your
B.S. Degree independent-study progrom.

ARN. -

Address

=
|

|

|

|

|

|

| Name_
|

|

|

|

L

City.
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RADIO-ELECTRONICS
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In Gomputer Electronics...

NTS W1TROMC" 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 WITROMC home training provides
you with a special kind of "Hands-On"
experience that prepares you better,
develops your skills faster. You advance
as quickly as you wish, working with
actual circuits, diagrams, schematics,
and state-of-the-art hardware. There are
a dozen difterent NTS programs in
electronics to help you develop and
reach your potential. They range from
basics to advanced areas in several
fields. And the ALL-NEW NTS course
catalog spelis it all out. It’s free, and
does not obligate you in any way. Send
for it today.

A GROWTH INDUSTRY

High-Technology is a growth industry. The
evidence is Clear, and most observers predict a
steady expansion due to a relatively strong flow
of investment capital into computers, éléctronics
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 elecironic hardware is
selected and developed especially for the
training program with which it is associated. You
learn by doing. by assembling, by performing
tests and experiments, covering principles of
computer electronics, microprocessor trouble-
shooting. and circuitry.

MICROCOMPUTERS

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

Wwww americanradiohistorvy comm
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MICROPROGESSOR TEGHNOLOGY

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

DIGITAL ELECTRONICS

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

ROBOTICS & VIDEO TECHNOLOGY

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

NO OBLIGATION

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1305
Resident and Home - Study Schools

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

r-------------

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 excetlent program for those
interested in a career in video servicing with
microcomputer basics.

EARN GEU GREDITS

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 galned 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.

Lize the mail.in card or (il out and maii the covpon, Indicale the Held of your cholee.
{Onw, onty Plesis ) FREE tufl colar calslog will be 1eni fo you by return mel

NATIONAL TECHNICAL SCHOOLS 0o 208104
4000 Souih Flgueroa Street. Los Angeles. CA 90037

Please Send FREE color catdlog on gourse checked below.
O Robotics O Companter Eloctronics
O Digital Electronics O Video Technology
[ Auto Mechanics O Home Apphances
O Air Conditioning/ Solar Heating

Marme = Age _
Address . Api
Ciry Statn

2ip . .Phone | 4

O Check il Interested ONLY In classroom iralning In Log Angeles
O Check it Inlerested in G.1. Bill Intormation
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EQUIPMENT REPORTS

continued from page 34

with a 14-kilovolt acceleration po-
tential for sharp, bright displays.
The graticule is 8 x 10 divisions,
with each division measuring 9.7
millimeters. For those who need
to take photographs of the dis-
played patterns, the graticule can
be illuminated. Two levels of il-
lumination are provided (in addi-
tlon, of course, to no illumina-

tion), with the level chosen
depending on the film and camera
used.

The unit boasts a variety of oper-
ating modes. Those are channel1,
channel 2, channels 1 and 2 alter-
nated or chopped (the chopping
frequency is approximately 1
MHz), sum or difference {chan-
nel-2+channel-1), and X-Y mode.

Turning to the vertical (Y) ampli-
tier, as previously mentioned, it
boasts a DC to 60-MHz bandwidth

Here’s one phone book
worth

.and reading.

Understanding Telephone Electronics.

buying

State-of-the-art technology is revolu-
tionizing relephone communications.
Enhancing capabilities. Lowering costs.

RADIO-ELECTRONICS

£
o

Now only

= Teademark of Texas lurrumens Incroeporaned

Fiease tend m Quaniity  Price
I Usdersiandiag Seriar Titigs
L) Understanding Teiephone Electronicy.
a7 1Aty S— Y]
[l Lk dng Sobd Skate Elec wd
. m.on {LCasyst] Y
.owz wcexn ) & e

i" neBMZY @ .
.unoemmmum LB P 5695
riandeng Commumititons Syshems —

l m:uszu ]
=wm5ﬂ'ﬂ—{m?1l 81
72} — 8

Astomotve Exciromcs—
E— - ¥ ]
| T} Understandeng Ebcons:
Sysiems— {LCB7201} — Y
Understandeng Electronee Comtrol of Energy
Systermy— (LCBSEAZ) pram—g R L]
) Understandey Elactrone: Control of
| Automaton Syziems-—ILCBESA 1} — @ %85
a g Data
(LCBTHAT) S % ]
La1) Shaty Comrn’
[ A hiate ILCBBESTH AL et (LWRIGE) — R
| 710 Ao LIBEZTHOC text (LDWENEY| —-F ]

Expanding functions.

Learn why digital systems are replac-
ing analog. Why cordless phones
are practical. How cellular mobile
phoglci wi)rk. 5

ully illustrated, Understanding

Telephone Electyomics is written In
concise, nontechnical language,
ideal for self-paced leaming.

To order Telephone Electronics,
or any other book in the
Undersianding Senes|” use

the coupon below.

j
TeEXAS b
INSTRUMENTS

Creating useful products
and services for you.

Texas Instruments |

PQ Box 3640, M/S 54

Dallas, Texas 75285
Add $1.25 per hook e posrage and handling. Prices
subject 40 ¢ without notice.
Enclose check or money order with sales rax {except
AK. DE, NH. OR}. Foregn orders must be in U.S. |
dollans snd mectude shipping chargess. No phone ordens,
please

Narme |

Adhiress .

Ciey

|
Seae - Z:p = l
22116 1984 TH |

WWWW americanradiohistorv comm

(—3dB). The risetime is 5.8
nanoseconds {ns), with a max-
imum overshoot of 1%. The
amount of vertical deflection is set
in 12 calibrated steps from 5 mV/
<m to 20 V/cm. The steps are setup
in the customary 1-2-5 sequence
and accuracy is claimed to be
*3%. An uncalibrated 2.5:1 varia-
ble control allows signals up to 50
volts to be displayed. In addition, a
calibrated 5:1 magnifier is
provided. The sensitivity of the
magnifier is TmV/cm, allowing ex-
tremely low-level signals to be dis-
played. The bandwidth of the
scope when the 5:1 magnifier is
used is DC to 20 MHz (-3dB). Fi-
nally, two LED's are used to indi-
cate vertical overscanning, and a
built-in delay-line feature allows
viewing of the trigger leading
edge.

HAMEG

OVERALL
PRICE B8

HME05

The timebase is set in 23 cali-
brated steps from 50 ns/cm to 1
second/cm. Once again, the steps
are laid out in the familiar 1-2-5
sequence. Accuracy is +3%. An
uncalibrated 2.5:1 variable control
allows the timebase to be ex-
panded to 2.5 seconds/cm. A 10X
magnifier allows timebases of as
little as 5 ns/cm to be used. Ac-
curacy with the 10x magnifier is
*5%.

The triggering system can ac-
commodate trigger signals up to at
least 80 MHz with thresholds of 5
mm internal and 50 mV external. A
variety of triggering modes are
available. Among those are peak,
where the sweep is triggered auto-
matically from the peak voltage of
the test signal; external; line,
where the trigger signal is derived
from the AC line, and single-
sweep. A variable hold-off control
to adjust the time between sweeps
is also provided. Triggering can be
selected on any point on the
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positive or negative edge of the
test signal.

The HM605 also fealures arather
handy sweep-delay facility. That fa-
cility allows the sweep to be start-
ed at selected delayed times after
the trigger signal has been ap-
plied. That delay can be set from1
us to a maximum of 1second. The

ponent tester. That tester displays
a test pattern that wil! instantly tell
the user if the component is in
working condition. Among the
components thal can be tested are
resistors, capacitors, inductors,
diodes, and transistors. In addi-
tion, a limited number of tests can
be made on 1C's. When working

usefulness of the feature is that it
allows horizontal (X) expansion of
al least 1000 times.

A rather interesting feature is
the unit's built-in electronic com-

with resistors, capacitors, and in-
ductors, the approximate value of
the component can also be found
from the pattern. With experi-
ence, precise values can be found.

RADIC-ELECTRONICS

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

Now YOu no lenger have 1o spend
thousands on &0 expPenbive multi
trace oscillkcacops — our Wngle trace
Hitschi scoba combined with thig
module will aliow you to view up lo 8
simultensoully oocuﬂnqnlnnlog or
digital (or bothl skdnals In thair seal
fime and amplitude relaticnahip. The
MPX 101 may ba used on &Ny O3Ci-
loscope, whelher $ingie. dusl or muk
tipie traces. [la low COSL makes {1 &
partiCular tavorite for dasigners. tesl-
ery, hobbyisis and repairmen who
wani to compare and &nalyze dis-

ayed SINAIE 0 & UMiIng dlgram
ormat. The controls on the Tront
panal of the metsl case aliow you 10
vary amphtude &nd soating ol the
displayed sKinals

MODEL MPX101
FULLY ASSEMBLED & TESTED!

99+

WARRANTY
- Made In The Unijted States -

150 mv/step @ 5¥ Input
Multlplex Rate: Switch selectable, 40
KHZ or 4 KHz
impedance: 50 Ohms
Power: 105-135VAC @ 1 Va
Dimensions: B8.25" x 3.25" x
4.75" (WxHxD)
Operating Temperaiure: 0-40°C
Waeight: 1 1b. 10,5 oz.

NOT
A
KIT

SPECIFICATIONS

Inpuis: 8 signals pius ground via 9
nput leads terminated with alliga-
tor clips

Bandwhdth: £ 198 to 5 MHZ

Impedance: 10.9 K

Input voltage: * 5V peak (diode
clamped o x 5 Voi supplies)

Qutput: Staircase waveform summed
with input signals, 0-B00 my

tull scale Warranty: one year full replacement
Step Amplituds: Varkble 0 lo 150 warrgnty from dale o! purChase
my/ step Lighted enfo!! power switch

Signal Voltage: Variable 0 lo Wood grain Hnished metal case

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

- Y
= =
e o

E. W, ENGINEERING, INC.

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

Precise values can also be found
by comparison wilh a component
of known value. All components
can be tested either in or out of
circuit. The unit uses a test voltage
of 8.5-volts rms.

For probe compensation (two
1%/10% probes are included with
the unit) and general system
checks, the unit includes a built-in
squarewave generator. That gener-
ator has a switchable 1-kHz/1-MHz,
selectable .2- and 2-voit (peak-to-
peak) output.

As you would expect, HM605 is a
ruggedly built scope. 1t is housed
in a beige steel cabinet and is de-
signed and tested to meet interna-
tional safety standards (IEC 348).

it is intended 10 be used as a
bench-top unit; as such, no provi-
sion for battery power has been
made. It can run off any one of
four selectable voltage sources.
Those are 110,125, 220, or 240 volts,
all at 50-60 Hz. A carry handle,
which doubles as a tilt stand, is
provided.

Of course, an excellent scope
deserves an excellent manual and
the one provided with the HAM605
is just that. It is well written and
well illustrated. About the only
omissions are the theory of opera-
tion and a detailed parts list, but
there is a block diagram of the unit
and all parts, including their in-
dustry-standard designations, are
clearly identified on the schematic
diagrams.

The HMS605 is a well-thought-
out, easy-to-use unit with an im-
pressive array of features and spec-
ifications. It carries a suggested list
price of $965. R-E

u
L)
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“I'd like to turn it off. father, but he's
telling me to stay tuned. and he's bigger
than you!™
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MPF-1 PLUS
Learn Computing!

Take a Course from Micro-Professor!

You've seen it all. Fancy software,
powerful hardware, and ironclad
guarantees.

A Total Learning Tool

But you haven't seen a computer
that offered you a comprehensive
introduction to both hardware and
software. One that gives you hands-
on training in troubleshooting,
burning chips, and developing
applications while giving you a solid
grounding in programming,

Versatility and
Convenience

Multitech proudly presents the unique
Micro-Professor MPF-IP—the most
versatile Z-80*-based educational
computer for its price on the market
today

U.S. DISTRIBUTOR LIST

LEARNING LABS, INC.
P.O. Box 122

Calhoun. GA 30701
{404) 628-1521

TECHNICAL LABORATORY SYSTEMS. INC.
P.0O. Box 218609

Houslon. TX 77218

(713) 4637652

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

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

L A.B. CORPORATION
4418 Rlver Road

Afton. MN 55001

(612) 4361169

ETRONIX

14803 40 5t N.E.
Redmond, WA 98052
{206) 881-0857

Multitech

Wwww americanradiohistorvy comm

A Wealth of Options

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

Learning Can Be Fun

And with the Micro-Professor,
learning can be an adventure. Design
an electronic clock Or a burglar
alarm. Or anything else that suits youw
fancy.

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

*2-80 is a trademark of Zilog Inc

MULTITECH ELECTRONICS INC.

195 Wesl El Camine Real Sutnwwale, CA
4087 US.A

TLX: 176004 MACSUVL FAX: ($08) 749.R03:
Tal: (408) 773-8400

OTHER U).S. STATES (500) 838.1542
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£ RADIO-ELECTRONICS

Microsoft Premium
Softcard lle

Adds CP/M, 64K of
additional memory, and
an 80-column display to

your Apple lle

CIRCLE 102 ON FREE INFORMATION CARD

Watch our

competition

CRINGE

The 15th edition: CEI's 1984 fall catalog

CALL TOLL FREE

FOR YOUR FREE CATALOG!

1-800-543-3568

NATIONAL WATS

IN DAYTON: (513) 252-5662

1-800-762-3412

OHIO WATS

TELEX NO.
288-229

C€| Consolidated Electronics Inc.
705 WATERVLIET AVE, DAYTON OHIO. 45420

CIRCLE 18 ON FREE INFORMATION CARD
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THE APPLE LINE OF COMPUTERS (S
among the oldest and most popu-
lar on the market. One of its
strongest selling points is the wide
variety of software available for it.
In fact, it is believed that there are
more programs available for the
Apple ti/ite than for any other ma-
chine.

One group of programs it can
not run, however, are those writ-
ten to be run under the CP/M op-
erating system. Use of that
operating system requires that
your computer use a Z80/8080 mi-
croprocessor; the Apple /¥/ile uses
the 6502. The disadvantage of not
being able to run CP/M programs
is rather large, as among those are
some of the best written and most
useful pieces of business software.

But Apple owners are not out of
luck. For years now there have
been a variety of add-ons-—cards
that plug into one of the expansion
slots inside the computer—de-
signed to give the computer the
capability of running CP/M. What
those Cards do is add a second mi-
croprocessor—a Z80—to the ma-
chine. When the card is activated,
itis as if the Apple {#//le were trans-
formed into a Z80-based comput-
er.

One of the first, and most popu-
lar of those cards, called the
SofiCard, was developed by a
Washington state firm called Mi-
crosoft (10700 Northup Way, Belle-
vue, WA 98004). Now, Microsoft
has released the successor to that
product. 1t is called the Premium
SoftCard fe, and is intended for
use with Apple’s {fe computer.

But that card does more than
just add CP/M capability to that
Apple machine—it also adds 64K
of additional RAM, and upgrades
the computer’s 40-column display
to an 80-column one. Both of
those capabilities are important.
Extra memory is always useful, es-
pecially if you are working with
large databases or spreadsheets.
Note, however, that the additional
64K can only be accessed by the
computer when it is in its “6502
mode.”

As for the larger display, 80 col-
umns are absolutely essential if
you intend to do any serious word
processing, and come in handy for
just about any other application
YOu can name.
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f Microsoft Premium softcard

:
OVERALL Tl
PRICE |

EASE
OF USE

INSTRUCTION
MANUAL

PRICE
/ VALUE

61718

Installation

Before we go any farther, we
want to make it perfectly ciear that
this card will only work with the
lte, not with the earlier Hor ! +, or
many of the “clones” that are
based on the earlier design. One
reason for that is that it installs in a
special "AUXILARY CONNECTOR"
that's been added in the newer Ap-
ple machine.

If you own an Apple computer,
and have ever installed a printer or
modem interface, a disk control-
ter, or any of the many other types
of add-on cards available, you will
have no problems installing the
Premium Softcard tie. The only re-
quirements to do the job is a mini-
mal amount of manual dexterity
and some care. Since the |C's on
the circuit board are, of course,
sensitive to high voltages, any per-
sonal static electricity should be
discharged before the unit is han-
dled. The board also should be
handled only by the edges of the
board to prevent body oils from
contaminating the etched traces
or the edge connector. Finally,
needless to say, the computer
must be off before any work is
done.

To install the board, the top
cover of the computer must be re-
moved to gain access to the ac-
cessory slots. That's done by
simply pulling up gently on two
tabs at the rear of the top cover
untll that cover comes off. Set the
cover aside, locate the auxiliary
connector-slot, and align the
board’s bottom edge-connector
with it making sure that the com-

1|2
I

—

Software and manuals

The package also includes the
CP/M operating system, Microsoft
Basic, and a wide variety of CP/M
utility programs. Those utility pro-
grams, needed for disk format-
ting, file transfers, and other tasks,
include just about all of those that
you would expect, inciuding PIP,
STAT, COPY, and DDT.

Those of you who are familiar
with computer documentation
know that more often than not it is

just plain awful. Fortunately, the
manuals supplied here are excel-
lent. Included are a system in-
stallation and operation manual, a
copy of The Osborne CP/M User’s
Guide, and a Microsoft BASIC ref-
erence manual. The installation
and operation manual is a well-
done affair that tells you evesy-
thing you need to know to install
and use the Premium Softcard {le.
Italso gives a brief rundown of the

continued on page 110

The Circuitmate Family
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2 FluxEe
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LEADER

Tektronix
KEITHLEY] |

Gruracty
S oo

BECKMVMAN

T g -

= Polaroid

Designed for maximum convenience and ease of yse.

Special features found only on certain models include:

® full line of accessories

® {ilt bate

e
O\ oz

® Jutcranging
® 'touch hold”

® easy access battery hatch

(ah‘l PR Caer

HAMELS

PDWER DEBICNE

vEwlt

WESTON Bocksmn=an

& anti skid pads

Prices range from $59.95 to $89.95

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

Indsstrizl™

SOLTEC ™

Forat 2k o The Protessiona! Tes! Equipment Source

The Instrument Mart
205 Community Drive. Great Neck. New York 11021

(516) 487-7430 ourigs w.v. (800) 645-6535

Saise, Service, Rental/Leasing Programs : .
... and Pre-Owned Teet EQuipment ko Available Coce
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ponent side faces the right side of |
the chassis (when looking into the |
computer from the rear). Press the
board into the connector using a |
steady, but firm, pressure until the
board seats. Re-install the top
cover and the job is done.
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G.T.E.
ELECTRONIC

SUPPLY

"CANT FIND THAT PART?? CALL
US—OUR STOCK EXCEEDS ALL

SAME DAY SERVICE

WE GUARANTEE WHEN WE HAVE IT IN
STOCK. IT WiLL GO OUT THE SAME DAY
YOU CALL (BEFORE 3 O'CLOCK NY TIMEL
iF IT DOESNT WE TAKE 10% OFF

NEW

PRODUCTS

GE SAMPO

HITACH SAMSUNG

MAGNAVOX SANYO

MGA SHARP

PANASONIC SONY

PHILCO SYLVANIA

QUASAR ZENITH

RCA CHANNEL MASTER

EXACT ORIGINAL PARTS

IN STOCK

® LOWEST PRICES ON
RECEIVING TUBES

* COMPLETE MODULE
HEADQUARTERS

® LARGE SAMS STOCK
PHOTOFACT » VCR » CB

* CABLE CONVERTERS
® NO DESCRAMBLERS

SAMFO & SAMSUNG TV'S —
RADIOS — FANS —
REFRIGERATORS — MICROWAVES

VCR PARTS
FLYBACKS TRANSISTORS
YOKES IC’S
CATY PHONES
MATY WATER DISTILLERS

CALL TO BE PUT DN MAILING LIST
FOR IN-HOUSE SPECIALS

ONE STOP SHOP

G.T.E. ELECTRONIC SUPPLY
2700 MIDDLE COUNTRY RDAD
CENTEREACH, N.Y. 1720
516-585-8111

NEW 14,00C SO FT,
WAREHOUSE/SHOWRCOOM
{DUE JAN 85)

G.TE. ELECTRONIC SUPPLY
2700 MIDDLE COUNTRY ROAD
CENTEREACH, N.Y, 11720

(OUT OF STATE) {N.Y. OHLY)
B800-874-1765 800-874.1764
LOC AL (516) 585-8111

CIRCLE 121 ON FREE INFORMATION CARD

TECHNICIANS TOOL KIT, the
model JTK-86, is a full-service kitin
a compact zipper case. Its selec-
tion of tools includes some rarely
found in a zipper case: a complete
13-piece %-inch drive socket set
with ratchet, spinner handle and
extensions; a vise-grip locking
plier; a 9-blade fold-up hex-key
set, and an 11-blade feeler gauge.

The model JTK-86 is available in a
vinyl, leather, or Cordura nylon
case with three outside pockets
for meters, test leads, or service
manuals. Two pockets measure 5%
X 9 x 2V, and the third measures
10% x 9 x 2%,

The model fTK-86 is priced at
$249.00.—}ensen Tools, Inc., 7815 S.
46th Street, Phoenix, AZ 85040.

CIRCLE 84 ON FREE INFORMATION CARD

PRINTER, model LQ/2 is designed
for use with a number of personal
computers; it will fit into comput-
er rooms or areas €asily because of
its small size,

This 12 character-per-second
(CPS) letter-quality printer has
standard friction feed, bi-direc-
tional continuous printing, 8%"
wide carriages, is smaller and
lighter and comes complete with
built-in interface for all Com-
modore personal computers. The
model LQ/2 has a drumhead de-
sign and compatible input for
IBM-PC, PCjr., TRS-80, and other
personal computers with parallel
Centronics-type printer output.

WWwWw americanradiohistorvy comm

CIRCLE 122 ON FREE INFORMATION CARD

Optional featuure: can run on bat-
tery pack. Itis priced at $349.95. —
Cardco, Inc., 300 S. Topeka,
Wwichita, KS 67202. R-E
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL'S

nEempo
Electmmp éz}cnlyas

The fast, easy and low cost way to
meet the challenges of today’s
electronic innovations. A unique
learning series thut's as innovative as
the clrcuitry it explains, as
fascinating as the experiments yon
build snd explore.

From digital logic to the latest
32-bit microprocessor, the McGraw-
Hill Contemporary Electronics Series
puts you into the electronic picture
one easy step at a time. Twelve
unique Concept Modides, sent to you
one every 4-6 weeks, give you a
handle on subjects like optoelectron-
ics, transistors, integrated circuits,
logic circuits, and more.

Each Concept Module goes
right to the heart of the matter.

You waste no time on exirangous
materizl or outdated history. It’s a
fast, efficient, and lively learning
experience...a non-traditional
approach to the most modern of
subject matter.

Unique Interactive Instruction

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

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

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

wants
an update in con-
(empoTary circuits. ..a
manager or Supervisor in an electronics
plant...a doctor, an engineer, a chemist
who finds electronics playing an
increasingly irnportant role in your
work. It’s even for electronics engineers
or technicians who feel their training
needs freshening up. It’s the quickest,
most convenient,

...dynamic, hands-on -4 . & X p;?babl_);;ea\;r.;ty A

demonstrations of jamt e ! pensi

theory in practice.. . . # D L P !"‘h cr:lﬂo it An]c: the

will help you master = X &.%J \ ol y one that gives

principles that apply all Ay 3 f' . Yov hands-on

the way up to tomorrow’s v ﬂ—’_ E f(f experience,

latest VLSI (Very Large -f 15-Day No-Risk Trial

Scale Integrated) circuitry. To order your first module withs
In your very first module, you’ll out risk, send the postage-paid card

use integrated circuits to build a digital
oscillator, verifying ils operation with
a light emitting diode (LED). You’ll
learn to identify passive and active
components, understand concepts
common to all electronic circuits.

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

WwWww americanradiohistorv comm

today. Examine it for 15 days under
the terms of the order form and see
how the Contemporary Electronics
Series gets you into today’s electronics.
If card has been used, write us for
ordering information.

¥
Tl

Y McGraw-Hill

Conlinuing Education Cenler
1939 Wisconsin Ave.
Washingion. D.C. 10016

861 HIBOLDO
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R-11 portable receiver

Kenwood's R-11 is (e perdect "go
anywhers” portable 1 eceiver. It
covers the standar AM and FM
Broadcast bands. dlus nine addi-
tional short wave ! ndds. The R-11's
seleclivity is greatiy énhanced by
the use of double conversion on
short wave frequaiicies above
5:95-MH2. High s=aitivity coupled
with a dual antenna system (tele-
scopic and ferrite| , &) allow it to

reach out and bring in those distant
stations from all over the world.
Simplicily of operation 1s enhanced
by a band-spread type tuning
control. Electionic band switching.
with LED band indicator, along with
a tuming meter 10 indicate received
signat strength, combine to provide
you with superior fistening capability.
Satety Hold-Retease swlch prevents
accidental station loss. Large front
mounted speaker provides excellent
sound quality. Tone switch adjusts
for high. low and voice transmission.

Optionai HS-7 micro-head phones
allow for private listening pleasure.
All this along with a record outpul
jack. extetnal anlenna terminal and
a rugged and attractive catrying
case make the R-11 portable
receiver the perfect travet
companion!
More information on the
Kenwood receivers is available
from authorized dealers ot
Trio-Kenwood Communications
1111 West Wainut Street,
Compton, CA 90220.

R'2°°0 Top-of-1e-tine general

covelage receiver » " 301 kM2 to 30 MHz

# Ten memories = Du.ar 24-hr clock with

timer ® Scanrung » 1.7 240 VaC {Opt.13.8

VDC) ' Opl . VHF (118 ' T4 MHz converter),
-

.....l.r....?.g_

R-1000 High pedormancs recmver
* 200 kHz—30 MHz » digital display/
clockitimer » 3 IF liters « pLE UP con-
version ¢ noise tlanker « RF step atlen-

uator » 120-240 YAC (Optional 13,8 YDC),
e e ————

* 100:240 VAC (Optionail 13.8 VDC),
' -

R-600 General coverage recever

* 150 kHz— 30 MH2 » digital display

s 2 IF titers » PLE UP convarsion » noise
blanker * BF atienuator » front speaker

N

X
¥
.
|

L]
|
|
-]

gt

u it s
6 [vx lan |
LI [1F]
i

15 [{

saflea! usll

14
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Satellite

Stereo

Demodulator

A stereo demodulator is a must for any
TVRO-system owner who wants full
enjoyment of his system. You can't receive
stereo salellite broadcasts on your TVRO?
Build this and hear what you've been

missing!

ANYONE WITH A TELEVISION RECEIVE
only (TVRO) home satellite system can
now receive TV and audio broadcasts in
stereo! If you integrate a satellite stereo
demodulator into your present monaural
system, you'll be able to enjoy stereo
movies at home—uwithout the hassle, ex-
pense, and crowds of a movie theater. And
it wonl cost any mere than just a few trips
out ta the movies!

Much of the programming beamed to
us from satellites is in stereo. That in-
cludes movies, music videos, and audio-
only programming on The Disney Chan-
nel, Bravo, The Movie Channel, The
Nashville Network, MTV, and more. [n
fact, sterco broadcasting is quickly be-
coming the norm.

Many of the more-recent saiellite re-
ceivers have stereo capability built in. But
if you want to add stereo capability to a
monaural receiver that you already own,
you can end up spending anywhere from
$300 to 31100 for a commercially avail-
able demodulator.

But there is a less expensive alter-
native—you can build a stereo processor
for less than $80. And not only is the
device we'll describe inexpensive, it's
also casy to build and easy to operate.
And it allows you to hear those movies,
music videos, etc, the way that they were
meant (o be heard—in stereo.

We shouldn’t forget to emphasize that
this add-on will also let you listen—in
slerec—to the many autio-only broadcast
services that are present on a number of
transponders on various satellites. Tabte |
lists some of sources of video transmis-
sions with stereo audio, while Table 2 lists

COLORBURST

X

3.5 8 MHz

I 4.2 MMz
|‘_ — TYPICAL TV SIGNAL BANOWIDTH

6 MHz

NTSC TV-CHANNEL BANDWIDTH

ROGER COTA and
LLOYD ADDINGTON

TYPICAL AUDID
SUBCARAIERS

P, e |
R L L
58 &7 68 T4

FIG. 1—THE TYPICAL SUBCARRIER FREQUE NCIES usad for audio Iransmissions sre 5.8,6.2,6.8. and

74 MHz.

audio-only stereo services.

The satellite stereo demodulator offers
boih discrete and matrix capabilities,
tunable left and right channels, and an
inpul that can reccive either the raw video
signal or the audio subcarrier signal from
a mono satellite receiver.

The stereo demodulator

The effective bandwidih of a satellite
transponder is about 10 MHz. Since stan-
dard NTSC signals have a bandwidth of 6
MHz, there is ample room for audio sub-
carriers lrom & 1o 10 MHz of the transpon-
ders spectrum. Any subcarrier located
above about 5.8 MHz can be used to camry
additional audio programming. As shown
inFg. 1. 5.8,6.2, 6.8, and 7.4 MHz are
the most frequently used subcarrier fre-
quencies. But in order to effectively ob-
lain the desired stereo effect, the
frequency-modulated audio subcariers
must be separated from the video. And
that's why we need a stereo demodulator.

Fgure 2 shows a block diagram of the
satellile sterco demodulator. Anincoming
video or audio signal enters the first am-

WwWww americanradiohistorv comm

plifier stages where it is filiered, ampli-
fied, and limited. The result, as shown in
Fig. 3, is a hard-limited, noise-free FM
signal with the video portions removed.
The subcarrier signals proceed to two
phase-locked loop sections.

One phase-locked loop IC is used for
each stereo channel, Each is configured to
cover the range from 5 10 8 MHz. A varac-
tor diode is used to determine each center
frequency. (A varactor is a voltage-varia-
ble capacitor formed from a diode in
which the inherent capacitance is empha-
sized, instead of minimized as in a *nor-
mal” semiconductor diode.} The bias
voltages for the varactor diodes are inde-
pendently contrelled by the front panel
TUNE A and TUNE B controls. Increasing
the voltage increases the frequency of the
phase-locked loop.

The audio that is oulput by each PLL
IC's is then lowpass filiered by de-empha-
sis circuits, applied to gain stages, and
then sent to the matrix circuit, which is
contrelled by the front-panel-mounted
DISCRETE/MATRIX s¢lector,

Most of the stereo-audio subcarriers are

¥B61 H3E0120

(2]
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TUNING LOWPASS FILTER! BUFFER L+R
DtOOE T3 el 2 L b AMPLIFIER AMPLIFIER [ & 33;"0
] 1]
| ¥
ok BANDPASS LIMITER ki
] A A
OR o] HIOHPASS ! AMPLFIER ] MATRIX
AUOIO
SUBCARRIERA
L-R
TURING LOWPASS FILTER/ BUFFER |
piope [ PHASE-LOCKEQLOOP [—=al ;e fiER AMPLIFIES [ 33?'”
L= DIAGRAM OF sterec demodulalor. The capaciance of each luning diode I8 varied by y . i L i
:';t?paﬁ;og;m“. 4y -t i transmitted either in discrere or mairix
modes. In the discrete mode, one subcar-
BEFORE LIMITING . AFTER LMITING rier contains only the left-channel infor-

mation and another subcarrier contains
only the right-channel information. In the
matrix mode, each subcarrier contains a
combination of the left- and right-channel
informaiion; One subcarrier contains the
sumn of the two signals {left + right or
L +R) and the other subcarrier comains
the difference of the two signals (left -
right or L =R). Thc matrix circuit adds
and subiracts those signals at the appro-
priate levels to separate oul the lwo stereo
channels. Those lefi- and right-channel
signais are then amplificd and presented at
Lheir respeclive oulput jacks.

LIMIT THRESHOLD

A closer look at the circult

FIG. 3—THE INPUT FILTER REMOVES noise and the lower-frequency video componenis from Ihe Now that we’ve gone aver the basics of
input signal. whal the circuit does. let's look at it in
more detail. Refer to the demodulator

TABLE 1—STEREQ VIDEQ-PROGRAMMING schematice in Fig. 4.

The inpul 10 the demodutator—either

Satellile Transponder Service Subcarrier  Mode the raw-video oulput or the subcarrier out-

A {MHZ) B (MHZ) put from the satellite receiver—is fed 1o

SATCOM F3 4 Spotlight 5.8 6.2 Discrete the vibEC N jack. JI, From there, the

SA%M ::3 5 ‘la;‘hTeVMowe Channel 5.8 ggz ma:"_" input signal passes through a highpass
SATCOM F3 11 5.8 ; atrix

SATCOM F3 16 HTN Pus 6.8 Multiplex F]"' e A L

SATCOM Fa 6 Bl 58 Muitiplex eaves the audio subcarriers unattenuated

SATCOM F4 8  Entertainment Channet5.94 612  Discrete but rolls off any video components that

WESTAR F5 10 Disney Channel 58 6.8 Discrete might be in the signal. The signal then

WESTAR F5 12 Disney Channel 58 6.8 Discrele enters 1C2, a 10116 ECL triple line re-

WESTAR F5 15 Nashville Network 5.58 5.76 Discrete ceiver. That device contains three ampli-

fier stages that are used (o amplify, filer,
and limit the signal,

TABLE 2—STEREQ-AUDIC PROGRAMMING After passing through the first amplifier

! . stage of the IC, the signal is filtered
Satellite Transponder Service A {Mil;l;caarr(i;rm} Mode !hmugh L1 and C1. That series L-C circuit
SATCOM F3 3 Moody Broadcasting 5.2 792  Discrete is wned t0 6.5 MHz, the center of the
SATCOM F3 3 Country Coast to Coast5.58 576 Discrete subcarrier spectrum. Resisior R38 pre-
SATCOM F3 3 Star Station 5.94 6.12 Discrete sents a 75-ohm load for the tuned circuit
SATCOM F3 3 WFMT.F M 6.3 6.48 Discrete (10 give the appropriate Q factor).
SATCOM F3 3 gonndi:':;% prs = e The input 10 1C2 is biased up through a

roa ng 5 : iscrete bias pin (pin 11) and i g

SATCOM F3 3 Stardust 805 814  Discrete Ll e L 21
SATCOM F3 3 Musicin Ar 5.4 594  Discrete : s IR MRt

SATCOM F3 3 Music in Alr 558 576  Oiscrete at pin 15, and passes through a tuned cir-
SATCOM F3 8  CableJazz Network 594 612  Discrete cuit made upof C13and L2. That circuit is
SATCOM F4 7 Famiy Radio (East} 558 576  Discrete also tuned to the center of the subcarrier-
SATCOM F4 7 Family Radio (West) 594 6.12 Discrete frequency band (6.5 MHz). At that point,
ANIK D1 16 CIRK 6.7 Multiplex the signal has been amplified and limited

by IC2 to I-wolt peak-to-peak. All the

Wwww americanradiohistorvy comm
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FIG, 4—SATELLITE STEREQ DEMODULATOR SCHE MATIC, The
¢ by tha capacitance ol 8 varaclor diode (which is controlled by RS and R21)
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one sct of componcats. We will, however.
list the corresponding set of components
in parenthesis.

The sipnal from the tuned circuit passes
through another highpass filter made up of
C4 and RI5 (CI8 and RI16} 10 roll off
interfering signals prior to entering 1C3
{IC4), a NE564 phase-locked loop IC
That IC then demodulates the signal. The
VCO (Voltage-Controlled Oscillater) in
the NE564 is controlled by the capaci-
tance beiween pins 12 and 13. That capac-
itance is formed by Cll and DI {(C24 and
D2). Note that DI (D2) is a MV2209
varaclor diode. As we mentioned pre-
viously, the capacitance nf a varactor di-
ode varies in relation 1o the reverse-biased
voltage across it. Here. that voltage comes
from a divider network made up of R4,
R6, and R5{R20, R22. and R21). Potenti-
ometer R5 (R21) allows you to wne the
proper subcarrier.

Pins | and [0 are the power connections
on the NE564. While the voltage applied
1o pin 1 can be greater than |2 volts, the the
voltage applied to pin 10 cannot rise above
6 volts. Thus, the 8-volt power supply is
dropped by R2 and filtered by CBto give a
5-volt input te pin 10,

i—_:— 411716 INCHES — ;._i The demodulated output at pin i4 is
{ ' lowpass filiered {or de-emphasized) via
FIG. 5—COMPONENT SIDE of Ihe demodulator's circult board. Note that some componernils must be R7 and Cl4 {R23 and C27). At that poim
soldered on this side. p .

we have a low-level signal that requires
amplification by op-amp IC5-c (IC5-d).
That op-amp is biased at one-half the
power-supply voltage by the woliage di-
vider made up of R3] and R32. That
biascs up the amplifier output stages to the
+4-volt level.

Afier the de-emphasis filier, the signal
is amplified by IC5-¢ (IC5-d). which
gives it a gain of approximately 6.6. as
determined by Ri0 and R9 (R26 and
R25). At that point, the signal goes to S,
the MATRIX/DISCRETE Swilch.

With the switeh in the DISCRETE
position, the amplified output signals
from the two phase-locked loop demod-
ulators are run through the output buffer
amplifiers [C5-a and 1C5-b, (o the two
audio outputs. J2 and J3.

When the switeh is in the MATRIX
position. however, the amplificd ouiputs
of the two phase-locked loop demod-
ulators are added together and subtracted
from each other, then run through the [C5-
a and IC5.b. which perform the matrix
mixing. The output of IC5-¢ goes through
R11 10 the invening input of 1C5-a. The
output of IC5-d goes through R12 and also
10 the inverting input of [C5-a, where they
arc added together. The summation of the

W | L+R subcarrier and ihe L — R subcarrier
o 4-3/4 INCHES Tji {the left-channel information} is then
FIG. 5—SOLDER SIDE of the demodulator's eircult board. buffered, amplified, and fed to output J3.

Al the same time. the output of [C5-c

noise and amplitude-modulaied compo- 1C4). As we mentioned previously. one [C goes through R28 to the inverting input of

nenls are removed. is used for euch sterco ehannel IC5-b where a subtraction is performed.

From the wned cinguil. the signal pass- Nnie: Because the PLL eircuits ane es- giving an output of the L+ R subcarrier

es o the demodulator PLL 1C's (iC3 and sentially the sume. we will discuss only continued on page 14

WWWW.americanradiohistorv.comm
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P t THIS MONTH . WE CON-
ar clude our two-part
look at balteries and batiery technology
by turning our alrention to rechargeable
(lead-acid and nickel-cadmium} eclls.
and how to choose the type you need.

Lead-acid batteries

The modem Iead-acid cell is a far ery
from its predecessors. lis open-circuit
vollage is aboul 2 wolts. which means that
it has the secomd-highest energy capacity
of the commercially available baiterics.
both disposabie and rechargeable. Only a
lithium-thionyl chlaride cell, with an
open-circuit woltage of 3.7 vohs. has a
higher encrgy-density—and i's not re-
chargcable! The drawbacks lo lead-acid
battcries—Ileakage. highly corrosive acid
clecirolyte. evaporation. and a host of
other problems—have been climinated in
the designs of more muodemn cells. Lead-
acid batienies comie in & sanety uf sizes.
wltages, and energy capxcilics and have
characteristics thal make them the ideal
energy source for applications requiring

the use of rechargeable balienes.

So. you may well ask. if they're so
wonderful why aren’t they more avail-
able? The answer 10 that is. .. Well, |
haven’t the vaguest idea and would appre-
ciate finding out why. Possibly the answer
bas something 1w do with the ready avail-
ability of nickel-cadmmum hatteries. the
other major nype ot rechargeable battery.
Before we start companng the two iech-
nologies. lers tke the lime o find out
how each is used. Once that's done. we'll
list the advantages and disadvanlages of
both types and vou’ll be able to make your
own decisions,

Lead-acid batterics are eisy 10 use.
Anyone whe owns a car knows that those
baticrics can operale successfully wnder
the most adverse conxlirions and are ¢x-
tremiely forgiving when it comes to things
like mecidental deep discharge and con-
stantly repeated partial discharge.

Figure 6 is a cutivay view of a typical
lead-acid cell. Alhough there are vania-
tions from manufacturer to manufaciurer.
st of the battenes use the basic con-

struction shown. The electroiyte is an acid
that is permancutly sealed in the body of
the cell. Ii's worth nothing at this point
that that technigue (penmancnily scaling
in the electmlyte} is starting to be found in
car batlcnes as well. Somc companies
that make lead-acid battesies “immo-
bilize™ the clecirolyte by gelling it. This
means that the cell ean be used in any
position without any risk of the electrolyte
leaking oul. Even though the consiruction
of the cell usually involwes sevemsl heavy-
duty scals and doublc-walled insulation.
the acid i extremely cosrosive und any-
thing that helps iaintain the integrity of
the batiery is a good ide.

Rechargeuble lead-acid batlerics are
available in vollages ronging from 2 to 24
volts and they can be used in any config-
uration you wanl. Unlike some other bat-
terics, you can cither parallel them ro
increase the current or put them in series
to increase the voltage, Since the energy
density in lead-ucid cells is very high, vou
can gel really impressive amounts of
power by packing together a number of

Rechargeable Batteries

We continue our look at batteries with a description of rechargeable types

ROBERT GROSSBLATT

WwWww americanradiohistorv comm

and how to use them.
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ELECTRODES

pﬁsggns A\ ,OUFER COVER
AELL
VALVE ™ /
- AR SPACE
EPOXY INSULATED
HESIN OUTER
SEAL CASE
ELECTROLYTE
AND
“IMMOBILIZING
SEPARATOR

V
BATTERY CELLS
FIG. 8—CUTAWAY VIEW OF A MODERN LEAD-
ACID CELL. Some balteriea use a gelied elec-
trotyte.

cells. And how much power the battery
can deliver has nothing to do with how the
battery was used previously.

A battery that is normally charged after
only a small part of its stored energy has
been used can still deliver its total power
whenever the situation calls for it. That is
a common scenarno in applications where
rechargeable batteries are used as emer-
gency backups in case the primary power
fails. Batteries that are constantly charged
can similarly always be counted on (o de-
liver their full power if the circumstances
require it. In other words. lead-acid bat-
teries have no “memory™ of their pre-
vious use.

The charging circuits for these batteries
can be as simple or sophisticated as you
like. They are capable of being charged at
extremely high rates if the proper safe-
guards are taken. How you charge them
depends on how you plan to use them.
Table 4 gives you the recommended
charging rates and other information
you’ll nced to be able to safely recharge
the batteries. [1's important to stay within
the guidelines shown—overcharging can
have catastrophic results.

Even though the chemistry of the cells
is designed to be reversible (which is what
makes the celis rechargeable), overcharg-
ing them carries the same sort of dangers
as trying to charge the throw away bat-
terles we discussed last month. During the
charging cycle of any battery, gas is pro-
duced. A major funcrions of the elec-
trolyte is to act as a “depolanzer”—a
rather fancy way of saying that it's de-
signed to absorb the gas produced during
a charge. However, and this is a really big
however. the electrolyte can only absorb
gas at a certain rate. If the gas is produced
fasier that it can be absorbed, then
BOOM!. Good-bye battery and anything
clse that happens to be around and rhat
can include you, too! Make sure you don’t
exceed the recommendations for the
charging rates and times given in Table 4,
A lot of batteries were blown up to com-
pile those figures.

Nlckel-cadmium batteries

Nickel-cadmium (NiCd) batteries are
the most popular rechargeable batteries

TABLE 4—LEAD-ACID BATTERY CHARGING PARAMETERS

Type of charge Charging voltage

{wolts OC per cell}

RAPID 2,55 - 265
QUICK 250 - 2.55
STANDARD 245- 250
TRICKLE 228 -232

onthe market today. They are packaged in
all the standard sizes and the cell’s open-
circuit voltage is 1.25 volts (which makes
them a close maich for most of the ap-
plications where throw-away batteries are
used.) Prices depend on where you buy
them but. in general, it's safe to say that
they re more expensive than alkaline and
lead-acid batteries, but cheaper than
lithium and silver-oxide baueries. The
voltage-discharge curve is nice and fiat.
meaning that the battery will have a con-
stant voltage for most of its discharge cy
cle. Unlike lead-acid cells, nickel-
cadmium cells are not designed to be used
in a parallel configuration. The normal
method of use is to decide what your cur
rent requirements are and then getcells of
the needed ampere-hour capacity and
connect a number of them in series to
build up the voltage you need for your
system.
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FIG. 7—A NICKEL-CADMIUM CELL consists of
nicke! and cadmium atrips wound togelher and
separated by absorbent nylon

Figure 7 is a cutaway view of a typical
cylindrical NiCd cell. The nicke! anode
and cadmium cathode are made in strips
that are wound togcther imto a coil with an
absorbent nylon separator between them.
The separator is used to absorb the al-
kaline electrolyte. It is also permeable to
oxygen (the gas produced during the
charge cycle) The assembled battery is
packed into the outer case, usually made
of nickel-plated steel, the external
positive and negative contacts are welded
to the electrodes, and the cell is finally
scaled. The scals keep the clectrolyte
from drying out and are designed to act as
pressure-relief valves. If the internal
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Charging current
{percent of cell capacity}

Charging ime

100"% 1 - 3 hours
20% - 50% 12 - 20 hours
10% - 40% 10 - 18 hours
10% - 20% Conlinuous

buildup of gas gets excessive, the seal will
open and vent the exira pressure. How
well the battery functions afterward de-
pends on how much electrolyte s lost. In
any event, vou can bet that the battery will
be but a shadow of its former self.

The tnternal resistance of the average
NiCd celj is very low—usually less than
100 milliohms—which means they can be
used in circuits where high discharge-
rates are required. Some NiCd cells.
however, are specifically designed with a
higher internal resistance that. aithough
lowering the maxjmum discharge rate, in-
creases the cells ability to retzin a charge.
Button cells and 9-volt “transistor bat-
tery” substitutes are usually manufac-
tured like that. The internal resistance of
the cell is a good guide to the charging
rate: The higher the value, the lower the
charging rate. The most common cause of
NiCd cell failure is an improper charging
rate

A dead NiCd will be either an open or
short-circuited cell. Open circuits are usu-
ally the result of electrolyte loss and this is
directly caused by constant rapid dis-
charging. constantly high charge-rates, or
anything else that will make the cell blow
its seal. Remember that by the time the
cell parameters are exceeded enough to
make the sea] open, the high current rate
that aused it in the fisst place will have
made the battery heat up, and that will
make the electrolyie evaporate at a greater
rate. In any event. there’s no way to re-
placc the electrolyte. so if you measure
the internal resistance of the bartery with a
multimeter and find it to be an open cir-
cuit, the battery is gone forever.

Shon-circuited cells are another story.
Sometimes the separator will get ruptured
and metallic salts will form a small bridge
that shunts the current around the rest of
the plate. A high current pulse can bum
out the short and the cell ¢an then be
charged, since the correct current path has
been restored. Commercial “zap™ c¢ir-
cuits use this technique by charging a
targe capacitor and then discharging it
through the cell. If you monitor the bat-
tery's voltage, you'll see the voltage stan
to increase as all the intemal shorts are
cleared out. I the separator has deterio-
rated in the cell, the battery is beyond
salvage and should be replaced.

Reoharging batteries
So now that we know everything about
lead-acid and nickel-cadmium cells. let's
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find out about how to charge them. The
circuits needed can be as sophisticated—
or as simple—as you like. Which circuit
you want to use depends on which cells
you us¢, now fast you want to Charge
them, and how you want to use them.

D Repance
o= -
NIV i
OR
AC LEAD ACID
BATTERY
Lo

FIG. 8—A SIMPLE CHARGING CIRCUIT for nick-
el-cadmium or lead.acid batteries,

The simplest charging circuit you can
have 1s illustrated in Fig. 8. Calculating
the resistor value and which diode to use
is simple. First, let's lay down some gen-
eral guidelines. The transformer you use
should have a voltage at its secondary at
least twice the open circuit voltage of the
battery you want to charge and the diode
should have a PIV (Peak /nverse Voltage)
rating at least twice that. The resistor has
to be able 1o handle the charging current at
the open-circuit voltage of the battery. To
be on the safe side, let’s use the voltage of
the transformer’s secondary. Now that we
have those things out of the way, let’s use
Ohm's law 1o fill in the blanks.

Vaysren ™ Viianstormer — (Voanery ¥ Vaioae)

chafoe vayslm\flcharga

WATTAGER = Viansiormer X ll-"hlfﬂe

The key here is deciding what you want
the charging current (Icy arge) to be. The
rate of current flow through a rechargea-
ble battery is referred to in terms of the
total capacity of the cell. The raie of
charge or discharge for a particular bat-
tery is usually given in the C-yate. The C-
rate is the current rate in amperes numer-
ically equal to the rated minimum amp-
hour capacity. If the recommended charg-
ing rate for a cell is listed as 0.1C, for
example, that would tell you that the max-
imum cutrent you can use to charge the
battery is numerically equal to Yo the total
amp-hour capacity of the cell. If the cell
was rated a1 500 milliamp-hours, 0.1C
would translate into a charging current of
50 milliamps.

Table 5 shows the various rares of
charge and how long it will take to fully
charge a cell. 1t's imponant to remember
that not all cells can be charged at the
higher rates. Nickel-cadmium cells are
100 expensive to risk destroying by impa-
tience. All the cells, however can with-
stand the standard 0.1C rate. But let’s get
back to our example.

If we're going to charge a 4.8 volt se-
ries of batteries that have a 1.2 amp-hour
capacity at the standard 0,1C rate and are

TABLE 5—NICKEL-CADMIUM BATTERY CHARGING PARAMETERS

Type of charge Charglng voltage
{volts per cetl)
RAPID Depends on Cell
QUICK 250 -3.00
STANDARD 2.50 - 3.00
TRICKLE 2.50 - 3.00

using a transformer with a 9 volt second-
ary:

Vaysten ™ Vianstormer = Voattery
= 9-4.8 = 4.2 Voits

0.1C = {0.9}{1.2) = 120mA

Ichwe
Perarge ™ Vaysiom/lenargs
m 3.2/12 = 350
WATTAGEgR = (Vi anstormar)(lcrange)
=9 x 12 = 1.08 WATTS

Finding a resistor with a rating of 1.08
walts is going to be difficult, so let’s make
a general rule: we'll always bump the val-
ue up to the next available size. That
means a 35-chm, 2-wat resistor. The PIV
rating of the diode has to be at least twice
the transformer secondary or 18 volts and
it has to be able 1o handle at least .12
amps. Any of the family of INdxxx di-
odes is a good choice for the circuit. In
this particular case, the IN40Q! is fine. [t
should be noted that we did not take the
voltage drop across the diode into account
when we calculated the parameters of the
circuit. Since the diode drop is going to be
small compared to the other voltages, and
our assumptions have built-in safety mar-
gins, it can reasonably be ignored. If
you're building a charger for bauery sys-
tems that have lower voltages and are
looking for larger charging currents, the
diode drop should be considered in cal-
culating the overall system voltage. By
the same token, if the charging current
you need is really small, the diode’s for
ward resistance will have 10 be taken into
account and subtracied from the calcu-
lated vaiue of the current limiting resistor.
If the value of the calculated resistor is
small enough you can do away with it
altogether and let the diode serve as the
current limiter.

A more efficient charger can be built
using a full-wave reciifier. The math is
exacily the same as in our &xample. Just
get the values of the circuit parameters
and plug them into the formulas. More
¢laborate chargers will monitor the state
of charge of the batlery and autematically
switch over to trickle charging when the
battery is fully charged, These circuits are
used when the initial charge rate is going
10 be in the “guick” or “rapid” range,
How the circuit 1s put together will de-
pend on the batteries that are being
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Charging current
(percent of cell capacity)

Chargling time

Depends on Celt 1 - 3 hours
20% 3 - 5 hours
10% 14 hours

5% Continuous

charged and what the initial charging rate
is going to be. The actual design of these
circuits is involved because it’s a good
idea to have several levels of protection for
the battery. That way if the primary
switchover circuit fails. other parts of the
circuit will save the day.

The dangers here shouldn®t be mini-
mized. If you overcharge a cell at a high
rate of charge. you can, of course, kiss the
battery good-bye. But we've already seen
that you're running the risk of explosive
rupture of the cell from the accumulated
gas and that can destroy a lot more than
just the barttery. | overcharged a 20-mil}i-
amp NiCd buiton cell—the smallest nick-
¢l-cadmium battery you can buy. When it
exploded it blew 2 hole in the side of the
charger’s plastic casc! Be wamned and be
careful to follow the manufacturer’s rec-
ommendation.

There have been charging circuits pub-
lished repeatedly in any number of maga-
zines, data books, and so on. Look them
up and decide which pne you want to use
in your particular application. I can offer
you a few general rules and a eouple of
uscful tips.

The overall system voltage in your
charging circuit will decrease as the cell
charges up and the current flowing in the
circuit will, naturally enpugh, start to
drop until it reaches a steady state. This is
because a discharged cell will rapidly re-
gain enough energy 1¢ be at its nominal
voltage,

For this reason you shouldn't be
alarmed if you measure the current flow in
your circuit and find it a lot higher at the
beginning of the charge cycle. It will soon
drop to a poinl as close to your calculated
value as your component values are close
10 their calculated values. If your charger
fs designed for the standard rate, you
shouldn’t have any problems.

If you use a full-wave rectifier and put
the current-lim:ting resistor between the
transformer and the rectifier, you will have
a vaniable-current charger. Current flow
will continue to decrease as the cell takes
on more and more of a charge. That cir-
cuil arrangement is shown in Fig. 9. Fig-
ure 10s a handy circuit that you can use to
monitor the current flow. If it looks famil-
iar, it's because you've already seen it in
the June installment of the “Designer’s
Notebook™ and you'll find a full descrip-
tion of it there.
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FIG. 3—AS THE BATTERY CITARGES. the cur-
rent rate will decrease.
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FIG. 10—YOU CAN MONITOR THE CHARGING
CURRENT with this simgle circuil,
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FIG. 11—YOU CAN CLEAR SMALL SHORT-CIR-
CUITS made up of melailic salts in NiCd bat.
teries.

Basically the small voltage across
Riense tums on QI and the transistor
turns on the LED. (Anything you want
can be substituted for the LED. A relay.
for example could put another resistor in
series with the cument-limiting resistor
and cut the charging current down to a
trickle charge.) The formula for calculat-
ing the value of Rgpnge 157 Rypnse =
0.65/ g apcp. Wher 0.65 volt i the
vollage needed to turn on the transistor. If
you're really a whiz at working out ¢ircuit
parameters, you could get the value of
whole job with just one resistor. | can’t
work things out for you because the values
for the components depend on the bat-
teries you use. the charging rate, and
many other factors. If you're careful
though, you should be able to build your-
self a charger that has several charging
rates and can automatically switch aver to
over to trickle charge when a predeter-
mined point is reached.

Rapid charging of cells should not be
tried unless the cell is specifically de-
signed to handle very high charging-cur-
rents and lots of safeguards are built into
the charger. This kind of charging takes
place under very controlled conditions.

TABLE 6
Parameter Lead-acid batleries Nickel-cadmium batteries
Memory None Requires Reconditioning
Current Capacity Generally in Amperes Genetally in Minamps
Cos! Moderate High
Weight Genetalty oved 1 pound Generally under 1 pound
Configurations Parallel or Series Series Only
Availability Hard to Find Avaiable Everywhere
Shelf Lite 50% Loss in 8 Months 50% Loss in 3 Months

The usual method of operatien for this
kind of charger is to moniior the rem-
perature of the cell and switch to a trickle
charge. (or completely off), when the
temperature of the cell reaches a certain
level. Thermistors and other lemperature-
sensing components monitor the cell and
control logic that switches the chargertoa
lower rate.

We've already discussed how battery
“zapping " can be used to try and clear out
small internal shorts and revive cells that
are apparently dead. Figure 11 is the basic
circuit that's used. When the switch is
thrown 1o the left, the capacitor charges,
and when the switch is thrown to the right,
the capacitor discharges through the the-
oretically dead battery and. we hope,
bumns out the small bridges of metallic
salts that are shunting the cumment in the
cell.

[f the cell can be saved, after you blast it
a few times you should see the vollage
starting to rise on the meter. Once that
happens, give the cell a few more hits and
then charge it normally. It won't be as
good as a good cell, but then again, it
won’t be as bad as a bad cell. You'll notice
that | haven’t given you any value for the
capacitor. Well, the veltage rating should
be ar least as much as the largest voliage
in the system, (either the batiery or the
source), and the capacitance should be as
big as you can get. This is one of those
instances where bigger is betier. The more
capacitance you have, the larger the blast-
ing ¢urrent is going to be and the more
chance you'ne going o have of resuscitat-
ing the battery.

Our last helpful hint has to do with onc
of the most common uses for rechargeable
cells: memory retention and emergency

;—?— —- =
R &0
10 MAIN 0
DC SOURCE | R AT LOAD
1
E BATTERY |
P (e

FIG. 12—ONE OF THE MOST POPULAR apphica-
tions for rechargeable batteries is backing up
power Supplies. g
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backup. There are lots of different ways to
design a circuit that will do the job, but
the basic idea is shown in Fig. 12. When
the DC voltage source is present, the bat-
teries charge through R, the current-limit-
ing resistor (because the diode is reverse
biased). When the main power supply
fails, the diode is forward biased and the
NiCd batteries provide power (o the load.
The calculations for finding the value of R
and the considerations for choosing the
diode are exactly the same ones we dis-
cussed for our simple charger. There are
other. more claborate schemes for using
rechargeable batteries like this, but they
all use this approach. Diodes are used to
steer the current where you want it and the

o= §0

TIME-HDURS

PERCENT OF FULLY CHARGE

FIG. 13—VYOLTAGE DISCHARGE CURVES for
various types of batterles discharged at the 0.2C
rate. Note the break in the hours scale.

biasing of the diodes is switched by the
presence or absence of the main power
supply.

We now come t0 the question of which
battery type you should use. Well, the
answer is, as we saw with disposable bat-
teries last month, it depends. As a general
rule, lead-acid batteries are used whene
the current draw is going to be heavy and
NiCd's are used where it's not. Now [
know that these are all relative terms but,
like | said, it depends. For practical pur-

ses, let’s just say that if the current draw
is going to be consistently in the multi-
ampere range, go for lead-acid. If it’s un-
der an amp, look at NiCd cells. The rela-
tive merits of each system are summed up
in Table 6 and the voliage-discharge
curves for some of the vanous batteries
are shown in Fig. 13. I"ve putin the curves
for some of the lithium-based batteries as
well as.the zinc-carbon ones so you can
make an overall comparison.

continued on page 113
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Electronics In Medical Imaging

Varlous imaging techniques, such as X-rays and CAT scans, are commonly used in medicine.
In this article, we'll take a look at those techniques and the role electronics plays in them.

Ray Fish, Ph.D., M.D.

MEDICAL IMAGING IS USED TO DISPLAY
the structure and function of the body. Itis
used to obtain information about the stat-
us of a healing fracture, the presence of a
tumer, the ability of the kidneys to remaove
substances from the blood, the presence
of bleeding in the head, and the flow of
blood through anteries and veins. Elec-
tronics has played an important role in
medical imaging in the past, and that role
is steadily increasing. In this article we
will discuss medical imaging techniques
such as conventional X-rays, Auoroscopy.
lincar tomography. compulerized to-
mography, and ultrasound.

X-rays
X-rays are produced when a tungsien
target is bombarded by an electron beam

of sufficient energy. In 1895, Professor
Roentgen discovered that X-rays were ca-
pable of penetrating living tissue and
making images of it appear on fluorescent
surfaces.

Photographic film itself is relatively in-
sensitive to X-rays. In order o overcome
that, the film is placed in a “cassette™ that
holds a fiuarescent screen close to the X-
ray film. When struck by X-rays, the fluo-
rescent screen emits light that blackens
the film. If an object prevents X-rays from
reaching the film and fluorescemt screen,
the film remains transparent {light) in ap-
pearance at such points.

Figure | shows the arrangement used 1o
take a conventional X-ray picture. Ex-
posure paramelers vary according to the
size of the person. A standard chest X-ray

will use an cxposure time of about Yo
second, an X-ray tube voliage of 120 kilo-
volts, and a current of 400 milliamperes.
The exact exposure time is determined
automatically in many systems by an X-
ray sensitive detector behind the film and
screen. Note that the X-ray beam is diver-
gent; it is cone-shaped and increases in
size as it travels from its source. Therefore
distances between the film, the patient,
and the source of radiation will affect the
size of images seen. For that reason, stan-
dardized techniques must be used when
taking pictures to avoid confusion.
Figure 2 shows a conventional chest X-
ray. Air permits the greatest amount of
radhation to reach the film cassette. The
lungs contain much air, hence they are the
darkest area on the X-ray. Decreasing
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FIG. 2—A CHEST X-RAY. Sinca alr allows the
maximum amount of X-rays to reach the film, the
lung® Show up A% m dark Ares.

amounts of radiation are able to penetrate
soft tissues. bone, and metal. All material
between the X-ray source and flm con-
tributes to the image regardless of the
distance of the matena! from the film. For
example. a rib on the front of the chest
will be imaged about the same as aribon
the back of the chesi.

Tomography

Figure 3 shows a method of obtaining
images at a certain depth inside the body.
That technique is called conventional to-
mography and has been in use for many
years. In conventional (non-comput-
enized) tomography. the X-ray source and
film are moved simultaneously for several
seconds as the picture is being taken. The
geometry is arranged such that tissue den-
sities at a cenain distance from the film
will remain in focus at all times during the

X-AAY SOURCE
POSITION Y X-RAY SOURCE

POSITIGN 2

e Vet

-
-

4 —PLANE OF FOCUS
A 300V

FILM CASSETYE
POSITION 1

FILM CASSETTE

POSITION 2
FIG. 3—CONVENTIONAL TOMOGRAPHY. In this
tachnique. the X-ray source and the film cas-
sotte move In such m way as (o Keep all the
atruciures in One plane In focus.

X-ray exposure, while Gissue densities in
other planes will be smeared broadly
across the film. That type of tomography
is relatively inexpensive and is useful even
though it does not produce as clear an
image as compulerized tomography.
Computerized tomography (which will be
discussed below) is monre sensilive lo
small differences in tissue density and has
a finer resolution (smaller objecis and
smaller details can be seen).

Figure 4 compares images obiained by
conventional tomography (Fig. 4-a) and
conventional X-rays (Fig. 4-b). Different
levels in the body are displayed in separate
images in conventional tomography,
showing detail not visible in a standard X-

It is possible to put substances inside
the body that strongly block X-rays. One
can inject liquids called contrasit agents
into anteries, veins, and various body cav-
itics. If placed into an anery, an ar-
teriogram is obtained. Contrast agents
injected into a vein will allow an X-ray to
be 1aken that will show the vein. as seenin
Fig. 5. Blockage in branches of an artery
or vein can thus be scen. Blockages can
occur when materials are deposited on the
inner wall of an antcry. Those form a rela-
tively solid mass called a plaque. That is

especially important when the coronary
arterics that supply blood to the heart
muscle are involved. People often have
chest pain from parnial blockage of the
coronary arteries. Similarly, partial
blockage of the arteries supplying the iegs
may cause leg pain with walking. Partiai
blockage of the arteries supplying a
kidney can cause high blood-pressure (hy-
periension). Blockage of arcries and
veins can also occur because of blood
clots, foreign bodies. or injury.

When a panial blockage of an artery is
discovered, surgery can be performed to
place a segment of vein in parallel with
the blockage. That allows blood to bypass
the blockage via the vein. Aliernatively,
in some cases a balloon can be placed in
the partially blocked blood vessel and in-
flated. The material obstructing the vessel
will be compressed into the walls of the
vessel. Those techniques permit normal
blood flow and cause relief of symptoms.
in patients with certain types of coronary
artery blockage, coronary bypass surgery
is used to prolong life.

The kidneys normally remove many
substances from the blood. Contrast
agents can be injecied into a vein in the
arm, a simple procedure. The contrast
agent will then travel through the cir-
culatory system and cventually be con-
centrated and excreted by the kidneys.
Kidney X-rays, also called intravenous
prelograms or 1VP’s can then be taken.
The functioning and structure of the kid-
neys, ureters, and bladder can be studied
using an IVP. While many Kidney stones
will not show on an X.ray. they can be
s¢en in an IVE.

Flouroscopy

Fluoroscopy is imaging that occurs
when X-rays strike a surface that emits
light as a result of X-ray exposure. Image
intensifiers used in Auoroscopy can in-
crease the amount of light seen and de-

BOME FRAGMENT
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FIG. 5—IN THIS VENOGRAM. dye is Injected to
help pinpaint the l0cation of 8 blocked vein.

crease by a factor of 1000 the amount of
radiation needed 1o give a useful image.
Image-intensifier tubes have a fluorescent
screen that emiis light when struck by X-
rays. That light causes electrons 10 be
emitted from a light-sensitive surface that
is just behind the fluorescent screen.
Those electrons are attracted 1o a second
fluorescent screen by a high voliage, pro-
ducing a brighter image than the one on
the first fluorescent screen. The second
fluorescent screen may be looked at di-
rectly or may be viewed by a television
camera.

Use of a television camera permits
magnification. fmage enhancement, im-
age recopding, and other image process-
ing toc be done by standard video
equipment. X-ray images can be stored in
a digital memory. It is possible that in the
future, most X-rays will be taken with
fluoroscopic equipment and be stored on
videodiscs or videotape, rather than on
large. expensive pieces of film. Thou-
sands of scparate X-ray pictures could be
recorded on one videodisc or videotape.

Digital subtraction angiography

Digital subtraction angiography is a
technique that allows imaging of arteries
without injecting contrast material di-
rectly into them. Without digital-subtrac-
tion lechniques, it is necessary to inject a
liquid contrast material directly into an
artery that is to be imaged. X-rays are
taken when the contrast material is in the
artery.

If the artery being studicd is decp in the
body. a catheter must be placed near the
artery and the contrast material injected.
For example, the renal (kidney) aneries
are often examined. That involves placing
a catheter near the kidneys by threading it
through an artery. such as the femoral ar-
tery in the leg. That procedure is uncom:
fortable, is difficult to perform, and has
the risk of complications. Complicarions
include infeciion or bleeding at the site the
artery is punctured. Also, the catheter
may knock a plague off the wall of any
artery it passes through {such as the aorta
between the groin and the kidney). A
plaque knocked loose by a catheter will
trave] through the blood stream and even-
tually cause occlusion of a branch of the

SINUS CAVITIES

SKULL {BONE)

BRAIN TISSUE

FIG. 6—A COMPUTERIZED AXIAL TOMOGHRAPHY {CAT) scan of s human head. On# horizontal tevel is

shown here.

artery. That causes a lack of blood In the
area supplied by the artery. If that area is
in the brain, for instance, the person will
have a stroke. Such complications caused
by the insertion of a catheter are for-
tunately infrequent (about 0.1% of cases),
but the cost and discomfort of arteriogra-
phy do affect every patient.

With digital subtraction angiography,
the need for an arterial catheter is elimi-
nated. With the subtraction technique, an
X-ray image of the arca containing the
artery of interest is obtained and stored in
a digital memory. A contrast agent is in-
jected into a vein in the arm, a simple,
relatively safe procedure. A small percen-
tage of the contrast agent will travel to the
artery of interest, but not enough 10 cause
an image to form on a plain X-ray. A
second X-ray image is taken and stored in
digital memory. The first image is then
subtracted, point by point, from the sec-
ond image. Structures that were the same
when the two pictures were taken cancel
oul,

The image remaiming is that caysed by
the ¢irculation of the small amount of dye
through the artery during the second pic-
ture. An image similar to a standard ar-
teriogram is thus obtained without the
cost, discomfert. and dangers of anerial
catheterization. If there is movement be-
tween the two pictures, the images will
not line up properly. Taking multiple pic-
tures before and after the injection and
choosing those that give the best image s
sometimes done. Digital subtraction an-
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giography is of limited use in imaging the
coronary arteries because the heart moves
about significantly. As digital subtraction
angiography equipment becomes more
refined and less expensive, it is expected
that it will gradualiy replace conventional
arteriography equipment in many ap-
plications.

Computerized axial tomography

Computerized axial tomography
(CAT) is a technique that can obtain im-
ages of slices of tissue a few millimeters
thick, That technique is very sensitive lo
differences in X-ray absorption of tissues.
Conventional X-rays and tomograms are
incapable of detecting the differences in
X-ray absorption of soft tissues and fluids
{such as blood, brain iissue, and water).
Computerized axial tomography can be
used to detect those differences (see Fig.
6).

If surgery is needed to correct bleeding
inside the head, the CAT scan will usually
show that. Arteriography was necessary
to detect bleeding in the head before the
CAT scan was available. The anteriogra-
phy dye was injected into the carotid ar-
teries that supply blood t0 the head.
Arteriography is difficull, expensive, and
uncomfortable. The CAT scan is safer
than ancriography, without discomfort,
and easy to perform. On the ather hand,
one drawback 1o CAT scans is that they
are still somewhat expensive.

The CAT scan is performed by having
one or more sources of X -rays and multi-

P65l HIQOLD0

<h
s


www.americanradiohistory.com

AADIO-ELECTRCONICS

]
e

X-RAY SOURCE(S) AND DETECTORS ROTATE ARDUND HEAD

HEAD, VIEWED FROM
THE TOP \

i
OHE OR MORE X-R&Y SOURCES

ARBAY OF
X.RAY OETECTORS

FIG. 7—SET UP USED in computerized axisi'lomography. Here. tne ogmore X-ray sources rotate

around lhe part of the body being scanned.

PULSE TRANSDUCER USED FOR
TRANSMITTER TRANSMITTING AND
RECEIVING
|
|
PULSE PART OF BODY
RECEIVING BEING EXAMIRED
AMPLIFIER
TIME GAIN
COMPENSATION
AMPLIFIER
A-SLAN DISPLAY
- CRE N
]
- ¥y
- . o |&SCANDISPLAY
- [ ]
.. . - -
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FIG. B—BUBCKDIAGRAM of Lhe set up used to
obialn an ultrasound A-scan |8 shown in 8. A B-
scan, which is made up of a series of A-scana. {8
shown In b.

ple X-ray sensitive transducers positioned
around the area to be examined. Figure 7
shows a simplified diagram with just one
X-ray source and a few X-ray detectors.
The amount of X.ray energy reaching
each transducer is accurately measured.
The assembly of transducers rolales
around the area. taking measurements
along many lines that pass through the
plane being examined. Tens of thousands
of measurements are made. The plane is
divided into picture elements (pixels). A
compuier notes which lines crossed
through which pixels and how much ¢ner-
gy got through the tissue each line
crossed. Having that information, the X-
ray density (or the absorption) of each
pixel can be calculated. In practice, the
calculation of pixel density is too time-
consuming. bul computers can make ap-
proximate solutions and fit them to the

data. Once that task is completed, an im-
age made up of the pixels can be disptayed
by the computer.

Uitrasound

Ultrasound is sound that is at a frequen-
cy too high to hear. Ultrasound used in
medicine usually has a frequency of 1to 5
MHz. Ulirasound is emitted by a crystal
transducer that is placed on the skin. A
ieily-like material is placed between the
transducer and the skin to increase lrans-
mission. A portion of the transmitted ul-
trasound is reflected back to the trams-
ducer when an interface between different
tissues is met. Thus. after a short pulse of
ulirasound is emitted. a series of echoes is
received , as shown in Fig 8-a. That racing
is referred to as an A-scan. The strength of
individual echoes depends on the dii-
ferences in mechanical properties of the
tissues al cach interface. For example.
when a pulse crosses the boundary be-
tween muscle and blood. about 0.1% of
the energy is reflected. The remainder of
the energy continues on to image deeper
structures.

The atienuation of ulirasound increases
with frequency. For most soft body
tissues, the atienuation coefficient is
about | dB/em/MHz. A structure § cm
deep in the body will attenuate a 3.5-MHz
signal 35 dB. A 10-MHz signal will be
attenuated 100 dB. To compensate for the
decrease in signal strength with depth, a
time {or distance) gain control (TGC) sys-
tem is used o pre-process the signal from
the transducer. Signals received further in
time after the transmitted pulse are ampli-
fied more. A series of gain switches are
present on some ultrasound machine pan-
¢ls so the echnician can set the gain al
various depths lo obiain a picture that con-
tinues to show tissue interface reflections
despite the auwenuation of the signal that
occurs due to depth and various interven-
ing structures.

Higher frequencies give a finer picture
resolution because it is notl possible to
resolve structures smaller than about a
wavelength in size. The wavelength at 1.5
MHz is about | millimeter. Higher fre-
quencies are desirable unless the signal
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must travel se deep into the body that it
wiil be atienuated too much. Frequencies
up to |5 MHz are used to examinc the eye
and other small body parts. Frequencies
around 3 MHz are used for deep abdomi-
nal imaging.

The angle the tissue imerface makes
wilh Lhe direction of the ultrasound beam
may cause deflection of the beam in an-
other direction. Successive echoes de-
crease jn amplitude because the encrgy of
the ultrasound is absorbed by the tissue as
well as being reflected and refracted.

The mechanical properties of air and
bone differ from those of soft body tissues
so much that, for practical purposes, ul-
trasound does not penetrate air and bone,
That inability to penetrate air and bone
cbviously limits the use of ultrasound
greatly.

Despite significant absorption and re-
fraction, usefu} images can be obtained
using ultrasound. A two-dimensional pic-
ture. catled the B-scan (see Fig. 8-b), is
produced by displaying many A-scans si-
multaneously. Those are produced using a
rapidly vibrating or rotating transducer
that emits hundreds of pulses per second.
That technique can be used to produce a
real-time picture. Alternatively, a storage-
type display can be used. In that tech-
nique, the transducer is moved manually
by 2 technician and successive images ane
retained on the display, producing a pic-
ture. The quality of the picture that results
from that technique can vary greatly be-
cause it depends on the skill of the techni-
cian.

B-scan ultrasound machines produce
images that can be stored in a computer
memery. Seme commercially available
machines have pictures with 16 gray lev-
¢ls. The images can be frozen, magnified.
measured ¢lectronically. and pho-
tographed. A movable dot {cursor) can
selecl an area to be examined for overall
movement {such as a heartbeat) or for
blood flow.

Some B-scan ultrasound machines
have two movable dots {calipers) that can
be positioned anywhere on the screen by a
Joystick, A digital readout of the distance
between the two dots is displayed. That is
useful for such things as measuring the
head size (called the biparictal diameter)
of fetuses. The biparietal diameter is re-
lated 1o the age of the fetus. Some ultra-
sound machines are made specificaily for
obstretics. With those ultrasound ma-
chines, the heartbeat of a fetus can be
monitored. for instance along with other
physical data.

The screen containing the B-scan im-
age in some machines will display the
patients’ name and other data so the pho-
tograph will not need further labeling oc
get mixed up with other patient's records.
The patient’s name and information about
exposure sedings is displayed on CAT im-
ages in a similar manner. R-E
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Satellite-TV Basics

Here's a quick review of some important satellite-TV basics.

THERE '$ LITTLE DOURT THAT ONE OF THE
hottest areas of consumer electronics is
saicllite-TV reception. In this special sec-
tion, we will be taking a look at the cur-
rent state of the market, and what
equipment is oug there for the budding
satellite-TV enthusiast. Before we do
that, however, it might be a good idea 10
review some basic satellite-TV concepts
and terms.

Satellite concepts

The satellites used for satellite TV are
geostationary. That means that they are
placed in an orbit 22,279 statute miles
above (he equator. The speed of a satellite
placed into such an orbit maiches the
speed of the rotation of the earth and thus

appears to stand still in relaticn to the spot
beneath it.

The purpose of satellites used for TV is
to receive signals from an earth station, a
communications facility that is capable of
both reception and transmission. and re-
transmit them back to carth. On earth, the
signals can be received by other earth sta-
tions. or by TVRO's (TeleVision Receive
Only). Home setups are TVRO's

Satellite-TV operates al microwave fre-
quencies. There are 1wo primary bands in
use. The C-band, the one most ofien used
by cable companies and others o dis-
tribute their programming. spans the fre-
quencies from 3.5 to & GHz, while the
Ku-band is located between 12 and 14
GHz.

WwWww americanradiohistorv comm

By MARC STERN

The signal strength of a satellite-TV
signal will of course vary with location. A
chant of the signal strength at various
poinis on the map can be made. That chan
is called a footprint, and is shown in Fig.
!. Naturally enough, the area of max-
imum signal strength is located at the cen-
ter of (he footprint; that area is known as
the boresight poini.

As mentioned carlier, satellites orbit
above the equator. in what is known as the
equatorial plane. They are located in that
plane between 79° and 143° west longi-
tude (sce Fig. 2). Atthe moment, there are
16 U.S. and Canadian satellites oceupy-
ing slots in that orbit. Those slots are
separated by about 4 degrees of arc,
which is about 1838 miles, The reason for
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in urder to accommadute mare satellites.
the FCC his lsid dewn guidelines that will
allow that spacing 10 be reduced 1o 2° over
the next few years.

The current crop of saellites ean be
identificd in several ways—designation.
name. position. of any combination of
those. Somctimes a letler or number fol-
lows the saiellite’s name. That indicates
that the swtellite is 4 member of a family of
satellites o7 is o reptucement for a satellite
that is no longer in scrvice. A satellite
usudly has o working life of aboul 7 10 10
years.

If you were to look at & satellite from the
cquator. it would appear tilied to you. That
is known as the tilr angle of the saellite
and i1 can be adjusted by on.board
thrusters {rochel engines) thal arc con-
wvlled via sophisticated telemetry from
the ground. Thosc thrusters ure also used
(0 compensaie for any varialions in the
saleilite’s orbil.

FIG. 1—A PLOT of the l-_lgnal sirength .ol' a satellite transmission is called a fooipnnt. The area ol
maximum strengih Is called the boresight point.

—— — = —

Low-power transmitters

You might inagine that satellite trans-
miliers would be high-powencd affairs be-
cause of the great distances their signals
must Iravel. That, howesver. is not the case.
Insteud. the average salellite fransponder.
the device thal receives a signal from the
ground and retransinits it back from
space. has an ouiput power of about 5

SATCOM FS

GEOSYNCHRONGUS QRBIT

f 2 WESTAR 172 : : ] -
12w 83 watts. Each transponder receives and
WESTAR § A ARORE E LA o "W SATCOM F4 sends o wide variety of video and audio
HEW {1000 # COMSTAR D3 information: among the types of com-
SATEOM F";:m r 109°W D4 W 99" W = WESTAR 1 munications handled are telephone, busi-
ANIK A3 TOMSTAR 01/02 | ness data—and. of course. television and

ANIEB Ak WESTARA

FIG. 2—ALL NORTH-AMERICAN SATEI..I..ITFES orbit in the equatorial Plarwe. fr.aey are [ocated in that
phase between 79 and 143 wes! longitude

| radio programining.

Power for the transponders and the sat-
cllite itself is oblained from on-board bat-
terics. Those batterics are kept charged
through solar cells mounted on wing-like
panels that are deploved about the saiel-
lite. For maximum charging. the cells
must be at a right angle with respect 10 the
Sun. Te maintain that orientation as the
swellite iravels in its orbit. the posilioning
of the panels is constantly being adjusted.

While low-powered iransponders do
draw less current than high-powered ones,
conserving bauery life isn’t the only rea-
son that low-powered transponders arne
wsed it C-band frequencies. On canh. that
band is also used for the transmission of
telephone conutunications. By keeping
power-levels low. interference with those
telephone communications is keptl to a
minimum. You will find higher power-
output m Ku-band saiellites: Canada's
Anik D. for instance. That's because that
panicular band is not shared by any ter-
resirial services.

AN 3

GEOSTATIONARY SATELL{TE

OCWHNLINK SIGNAL FROM SATELLITE

uPLINK SIGRAL FROM EARTH
3,700 T0 4.200 MHz

TRANSMITTING STATION
5500 TO 6.4D0 MH7

g 4

SATELLITE “DISK"
ANTENNA

Uplink and downlink

When a signal is sent from the earth to s
satellite it i being uplinked. And when
the satellite sends it back. that Signal is

FIG. 3—C-BAND SIGNALS ARE UPLINKED a1 frequencias between 5.98nd 6.4 GHz. and downlinked al
frequencios between 3.7 8nd 4.2 GHZ.

RADIO-ELECTRONICS
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that spacing is to keep the satellites far
enough apan 10 allow each satellite 10 use

the same set of freguencies without iner-
fercuce {mone on that shonly). However.
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being downlinked to canh. Uplinking and
downlinking take place at different fre-
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quencies. with C-band signals sent to the
satellite at 5.9 to 6.4 Giiz. and returning
signals at 3 7—4.2 GHz {sec Fig. 3}

The 500-MHz uplink and downlink
bands are broken up into 8 number of
channels. Each transponder on-board a
satellite is assigned one of those channcls
and each C-band saicllite ¢an have as
many as 24 wransponders.

On first inspection. that would seem 10
be at odds with the bandwidth require-
ments of the transponders. That's because
each transponder needs 36 MHz for video
and audio. and 4 Mtz for a guard band.
That would seem o limit the maximum
number of trunsponders to 12 (12 X 40 is
480 MHz). But. by alieenating the polar-
ization of transponders on adjacent satel-
lites. and by mainlaining adequate
satellie spacing. as many as 24 transpon-
ders €an be used.

Lel’s take a closer look ar alternating
polarity. You will tind if you ook at iwo
adjacent satellites that one will have its
odd channels vertically polarized and its
exen channels horizontally polarized.
while the other will use the opposite
scheme, Thus. signals from adjacent tran-
sponders will be 90° out-of-phase. That
allows the signals rom adjacent transpon-
ders 0 overlap somewhat withoul iner
terence. Note that alternating polarity is
used only if 2 satellite has 24 transpon-

ders. [T i1 has 12. then all transponders are
horizontally polarized. Most U.S. satcl-
lites have either 12 or 24 iransponders,
although some have as few as 6. Ku-band
satcllites. on the other hand, have as many
as 32 1ransponders

Signal loss

As weve stated. a satellite signal has a
long way 1o travet. Iis round trip is about
44.600 miles and during that long trip up
and down a great deal of it js lost. On a
one-way trip from the satellite tothe earth.
aboul 196 dB of signal 1s lost and the
signal that arrives at 2 TVRO antenna has
a sirength of about 0.5 X 10-20. That
signal ievel is less Lthan thermal noise pres-
ent at the antenna,

Even the uplink signal is affecied by
loss. For the most part, vou will find up-
link signals run from 400 watts to a kilo-
watl. The uplink dish affords a gain of 50
dB. or a power ratio of 100.000. Thus. the
400-watt signal effectively becomes a 40-
megawait one. But. that signal 100 is
greally attenuated 50 that it is on the order
of a few microwatts by the time it reaches
the saiellite

Signal improvemenis

Because of the extremely long dis-
tances they must travel. satellite signals
greatly benefit from the use of some type

of signal processing

In order Lo improve the signal-to-noise
ratio of a satellite audio-signal. pre-em-
phasis is supplicd 10 the audio waveform
prior to uplinking. Aficr the pre-emphasis
1s added. the signal is modulated onto &
subcarrier in the 5 to 8 MHz frequency
range. The compensation for that pre-cm-
phasis—which cmphasizes the high-fre-
quency component of the signal—is
supplied by the satellite receiver. That
compensalion is done before the signal is
demodulated. and the l1ask is handled by a
de-¢mphasis network.

Video-signal processing. called dither-
ing. also occurs before uplinking. in dith-
ering. an energyv-dispersal waveform (a
triangular wavefornt with a frequency of
30 MHz) is added to the video signal.
That process produces 2 more uniform
dispersal of the video signal and conipen-
sates for encrgy concentration. Satellite
receivers have a video clamping network
1o counter the effecis of dithering.

A typlcal TVRO system

When you think of a home TVRO sys-
tem. generally the first thing that comes to
mind is the dis/. That device acts as the
reflecior for the weak satellite signals and
concentrates theny at a focal point where
the feedhorn is locaied. The feedhom is
actually the entrance 1o the waveguide.

CIRCLE 63 ON FREE INFORMATION CARD
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The waveguide acts much like the coaxial
or twin-lcad anienna cable with which
you are familiar. It serves as the carrier for
the signal from the focal poini 1o the metal
antenna prube. That device, which is usu-
ally na more than an inch long. is the
actval antenna.

From the anenna probe, the signal is
fed 1o a Low-Noise Amplifier (LNA). Tha
broadband device amplifies the very low-
level signals so that they are usablc by the
rest of the sysiem.

At that point. the frequency of the sig-
nal is still in the 3.7-4.2-GHz range.
Such frequencics require special trans-
rtission lines. however. To allow standard
coaxial-cable transmission lines to be
used, the frequency of Lhe signal must be
reduced to a more usable range. Thal ask
is handled by the downconverter.

Thus. from the LNA the signal is
passed 1o a downeomerter. which acts
much like the front-end or first stage of a
superheterodyne receiver, In the down-
convener, the incoming 3.7-4.2-GHz
signal is beat against a local oscillator and
anew intermediate frequency (IF}) results,
typically 70 MHz. Signals of that fre-
quency can be handled by coaxial cable
with much lower loss.

As you would guess from the preced-
ing, you will find most downconverters
are located right at the output of the LNA

for minimum signal loss. Since both the
LNA and downconverter are located out-
doors. care must be taken to shicld Lhose
devices from the elements.

Afler downconversion, the signal is
passed via cable-—1ypically 75-ohm
RG59/U coaxial cable—lo the receiver.
Al the recciver, the signal is again ampli-
fied and then demodulated into the orig-
inal bascband audio and video. The
bascband signals are then remodulated.
cither by a separate remodulator or one
that is integrited into the receiver. (The
reason demodulation and remodulation
are necessary is because both video and
audio are frequency modulated in a satel-
lite system and can’1 be used by the televi-
sion receciver. The video must be
remodulated into an amplitude-modu-
lated signal so it can be used by the televi-
5ion sel. while the audio rémains
frequency-modutated.} The remodulator
has an RF output, usually Channel 3 or 4.
that is fed directly 10 the TV set.

A buyers guide

Now that we have covered some of the
basic elements of a TVRO system, it's
time 1o take a look at what is cumently
available in 1erms of saiellite-receiving
equipment for the honw. We have tried to
cover miny of the major TVRQO hardware
suppliers, and have listed some key tech-

nical specifications 1o allow you to make
comparisons between the various units.
A word on prices before we move on:
The prices shown in the following articles
are manufacturer’s suggested relails. As
wilth many other arcas of conswiner elec-
tronies. the actual price you may pay ¢an
vary wildly, depending on such things as
demand. availability. and competition. If
you are thinking about purchasing a
TVRO. we suggesl you do some vareful
comparison shopping beforehand. Now.
let’s move o © the guide! R-E

“Now if you're interesred in sareliite TV,
this is fust the house for yoi !”
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: 31 SPACERS

32 WASHERS

MOUNTING BRACKET

Converter P.C., Board
Plated through holes
for stabillty..... $4.95

6" RG 174 COAX ECREISUBhIY
'F CONNECTOR ~ ® 35" pop | P.C. Board .. ..295
6%" x 4" P.V.C. PIPE MRF 901 .........2.00
2 DRILLED END CAPS » HARDWARE NE02135 195 P.C. BOARD PRE-DRILLED
2835 Diodes . 95 | SOLDER PLATED WITH
.001 Chip PLATED THROUGH HOLES
POWER SUPPLY Caps. ... 10/3% | FOR A MORE STABLE PIC-
Complete Choke Set of 4....1.95 TURE. Mo !
K'T Down Converter LM 317 Regulator 1.25 v UST HoT rRANS-
System '%hConpectors 3 W
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518 =5 ANTENNA KiT Wall Transformer 6 .001 Chip Caps.
POWER SUPPLY KIT 12 VAC 700 MA.. 4.9 9  Resistors
POWER TRANSFORMER  P.C. BOARD e WA “U' Bolt - 4  Prewound chok
Fi SPECIAL $49.95 O o35 ; _Chokes
COURSE TUNE POT. RF CHOKE BALUN 1 Eicetrolytic Cap.
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WITCH A ; or rabbit ears.. 295 ®
LED WITH HOLOER 4 DIODES hry Price in Adv. § RG 597U COAX
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W0DD GRAIN CABINET WITH SILK 100 pes. o | i AGTOREMEDE CAN WITH PROBE & CABLE
SCREENED front and back $10.95 Extra 1000 pes. 15% off 50 Ft 5.50 CONNECTDR ATTACHED.
BUILT POWER SUPPLY. 33485 L LT RN S $24.95

We will tune conver-

ter board for $12.50
trouble shoot
add . ..150

trouble shoot

power supply.$12.50
plus any parts nesded.

Wa will accept lelephone ordars lor Visa & Mastercard

No €.0.D. Orders

To Order Call soo-426-3500 3172917262
Compiele Kit Weighs 10 pounds. Please add Sufficient Postage

6254 La Pas Trail

Indianapolis, Indiana 46268
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Satellite-TV Receivers

The satellite-TV receiver is the final link in a TVRO system. Learn more about those devices,
including whats currently available, in this article.

MARC STERN

THE FINAL LINK IN A SATELLITE-TV 5YS-
tem is the satellite receiver. In some ways
it is probably the most important link in
the whole chain because Tt is the device
that finally takes the signal that has been
received at the antenna. amplified by the
lewsnoise amplifier, and downconverted
by the downconverter and tums it into a
form that can be viewed on a home televi-
sion set oF monitor.

One of the few parts of the entire system
that is located indoors, the best type of
receiver o choose is one with 24-channe!
receive capability. The reason it is the best
is that it gives you the ability to receive
every transponder with which a satellite
may be equipped. Granted. there are sat-
ellites with only 12 transponders aboard.
but most of them have 24. so it makes
more sense 10 buy areceiver with 24 chan-
nel-capability.

When you shop for a receiver, you will

find there are two basic types from which
lo choose: the frequency-agile receiver,
described above, and the dedicated or sin-
gle-channel receiver that is tuned 10 one
particular frequency. In general, you will
find, the frequency-agile receiver is what
you want because it gives you the ability to
tunc in every possible satellite channel
available. The dedicated receiver, on the
other hand, is fixed to one channel and is
best suited for those installations where
you only want to receive one channel or
service. For instance, news Ofganizations
or those companics that need only to re-
ccive information from a single source
would make use of a single-channel re-
ceiver.

Receiver operation

The first step in processing a satellite-
TV signal is downconversion. Receiver
sel-ups handie that in one of two ways.

WwWww americanradiohistorv comm

Many use an exterpal downconverter
mounted at the dish. Others handle the
downconversion process internally.

Looking first at the receivers that han-
dle the downconversion intemnally, those
are generally double-conversion units.
The first downconversion is handled by a
mixer/local-oscillator arrangement. That
stage produces an [F of typically (it can,
and does, vary according to the manufac-
turer) 1100 MHz. In addition. that stage
also acts 1o increase the selectivity and
gain of the receiver.

The 1100-MHz signal 1s then fed to a
second mixer/local-oscillator stage. The
output of that second stage is the second
IF frequency of 70-MHz.

Note that anly the first IF is tunable,
despite the fact that two IF stages are
used. Thats because the output of the first
stage remains the same (1100 MHz) re-
gardless of which frequency is selected.
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allowing the use of a fixed second IF
stage.

A word about bandwidth: the band-
width of the uplinked and downlinked sig-
nals is 36 MHz and normally that would
be the baundwiddth of the [F stages. In
many receivers, however, that bandwidth
is limited to only 28-30 MHz. That is
done to reject noise that normally lies at
the upper and lower limits of the 36-MHz
signal. Narrowing the bandwidth also in-
creases the gain of the 1wo IF stages.
There is. of course, a tradeoff: by narrow-
ing the bandwidth, picture quality 1s re-
duced shightly.

That system has one major drawback. [t
requires that the microwave downlinked
signal be brought some considerable dis-
tance from the outdoor LNA 10 the indoor
receiver. Unfortunately, because of the
high-frequency of those signals. cable
losses can be significant if standard coax-
ial cable is used. Insicad. hehax, which is
very expensive, must be used. Because of
that. receivers that use an externzl down-
converter are far more popular.

There are two types of exlernal down-
converters—dual and single. Systems
that use ex ternal dual downconversion dif-
fer little from those that use internal dual
downconversion. The major difference is
that the two IF stages discussed pre-
viously are housed in a separate
weatherproof cabinel and are located at
the dish. The output of the downconverter
Is, once again, 70 MHz, and signais of
that frequency can be brought into the
house using standard coax {such as
RG-59/U),

In single-downconversion sysiems, all
of the downconversion is handled in a
single stage. as the name would imply.
Once again, the circuitry is housed in a
weatherproof box [ocated at the dish and
the output of the downconverter is 70
MHz. The major drawback to that scheme
is thal il is susceptible to (he gencration of
image signals. To guard against that. re-
ceivers thal use single-stage downconver-
ters may be equipped with an image-
rejection mixer.

Tuning and more

Satellite-TV rcceivers differ from other
receivers in a few aspects. Forone thing, a
slandard superheterodyne AM or FM re-
ceiver is tuned by varying the local os-
cillator and the RF amplifier. In a satellite-
TV receiver. the RF amplifier is the LNA,
which is not tunable. Insiead, all ning is
handled by the local osciliator in the first
IF stage (which in the case of single-con-
version upits. is the only one). That [F
stage is cither at the dish or at the receiver,
depending on the location of the down-
converters as previously discussed. As
tning is done by varying a DC vollage o
the oscillators. the type of oscillators used
are YCO's {(Vollage Controlled Os-
cillators),

Mote significantly, however, a satellite-
TV receiver must do &t least some signal
processing. The video signal. for in-
stance, is frequency modulated, which
means it is incompatible with the NTSC
standard. To overconw that, the receiver
must extracl the original baseband video
from the signal and then amplitude modu-
late so that it can be input 10 a standard
TV-receiver. In addition, a video de-em-
phasis circuit is needed to counteract the
signal processing performed on the uplink
signal.

In addition to the primary frequency,
cach transpondcr may also relay a number
of audio subcammiers. In order 10 receive
those subcarriers, which are (usually) lo-
caled at 5.6, 5.8, 6.2. and/or 6.8 MHz, a
satelllte receiver is equipped with a tuna-
ble audio demodulator. While the sound
oulput is normally mono, sieree can be
obtained if the unit is equipped with a pair
of audic demodulators (one for each chan-
nel of sound). Some units are so equipped:
in others. an add-on is required if stereo is
desired.

Recelver features

Satellite receivers use several different
tunibg schemes. Many receivers feature
continuous runing with detent or click-
stop tuning dials. Some usc rotary dials,
while others are of the slide-rule type.
Still others offer digital readouts, which
are, of course, much more convenient.

An important feature of any receiver is
a tuning, or signal-strength meter. That
meter indicates the strength of the signal
being received. The wining meter lets you
know when the strength of the signal
being received is al its maximum. As
such, it is a valuable aid in tuning the
receiver and in adjusting the position of
the dish.

Many receivers use SAW (Surface
Acoustic Wave) filiers. A SAW filter deliv-
ers almost ideal shaping for the [F band-
pass waveform and delivers a nearly flat
response over the passband region. That
type of filler does have a lugh insertion
loss, around 30 dB, but thal can be over-
come through the use of additional [F
stages.

Another feature to look for in a satellite
feceiver is a vertical’horizontal polaniza-
lion selection switch. That allows you to
sel the neceiver 10 the particular polariza-
tion used by a satellite. Of course. ils use
is predicated on having the proper dual-
polarization antenna feed at the dish.

Here is a quick listing of other features
to look for in & satellite receiver:

A video-output terminal gives you easy
access to the baseband video (and some-
times andio) signals. If you have other
equipment {TV, VCR, etc.) thal can ac-
cept that type of signal {(i.e., has a video
input), its use will provide better video
resolution,

A channei-calibration control, which is
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usually located on the rear of the receiver,
is used to assure that ihe tuning is correct.

Some salellite-TV programmers
scrambl¢ their transmissions to prevent
unauthorized viewing. While there are
many scrambling schemes that may be
used. one relatively simple one is simply
te inven the video signal, Sume receivers,
however. are equipped with a video inver-
ter that allows the viewer to defeat that
{and only that?) type of scrambling.

For convenience. you might waunt a re-
mote control. While frequency selection
from your easy chair isn't a must, it is a
nice featurc.

A fine tuning control is handy for peak-
ing the quatity of the picture.

Some receivers offer a scanning feature
that is used 1o rapidly scan through the 24
transponder channels im succession. In
addition, some offer a dual-speed scan-
ning feature that lingers at an active chan-
nel, giving the viewer lime to decide if he
wanls to override the scan function and
walch the programming at the current fre-
quency.

Last but not least, tunable audio is a
nice fcature to have, That control lets you
fine-tune the sound for best results,

Now that we have gone over some re-
ceiver basics, let'’s take a look av what is
available in the marketplace.

Anderson Scientlfic

Supplied with an SC2+ block downcon-
verter, the dual-conversion STI00 re-
ceiver is available for $300. It features a
built-in RF modulator. 5.5- to 7.2-MHz

ANDERSON SCIENTIFIC ST1000

audio wning. a signal-strength meter, au-
dio and video outputs, wide range AGC,
buill-in AFC, and a rotary tuning-dial.
The [F bandwidth is a narrow 28 MHz,
and the SC24 downconverter offers a gain
of 20 dB.

Arunta

The Challenger {1 Recciver is available
for $519. It features a tuning meter, 5-8-
MHz audio tuning, a polarity swiich. ro-
tary tuning and readout, built-in RF mod-
ulator. remole downconverier (single
conversion), a SAW fileer, a 26-MHz IF
bandwidth, and composite and baseband
video outpuls.

* The single-conversion InVader sefls for
381S. k features a digilal readout, LED-
bar-graph signal-strength meter, aulomal-
ic polasity-swilching with skew adjusi-
ment, frequency-agile audio with auto
deviation and center-tuning indicator,
SAW filter. an IF bandwidth of 26 MHz,
and composite- and baseband-video oul-
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puls.

The single-conversion $2195 /nrercep-
tor Contains a complete sierco processor
for monaural and multiplexed, matrix,
and discrete stereo. It features selectable
wide or narrow audio bandwidth and dy-
namic noise reduction. Other features of
the unit include a SAW flter, video inver-
ter, signal-strength meter, rotary tuning-
selector, polarity control, and an |F band-
width of 26 MHz.

Automation Technigues

The GLR-500, priced atL $498, features
full rotary tuning, tunable audio (5-8
MHz), polarity control, signal-sirength
meter, and a weatherproof downconverter.
The GLR-520, priced a1 $650, features
pushbution transponder selection. audio-
level control, fine-mning control, signal-
strength nieter, remote control, and tuna-
ble audio. The GLR-560, priced at $750,
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AUTOMATION TECHHNIQUES GLR-500

features pushbutton transponder selec-
tion, dual audio channels for stereo with
metered level controls. 30-MHz [F band-
width, a fine-uning control, and audio
tuning-meiers.

The GLS-808, available for 31095, is a
complete receiving system. It includes an
LNA, downconverter, RF modulator, in-
frared remote-control, and cabling. The
receiver features synthesized tuning, au-
tomatic polarity-switching, pushbutton
channel-selection, LED readout, and sig-
nal-strength meter. Optional accessories
include a relative-power meter for down-
converter monitoring and additional re-
mote control units. Remote control units
are also available for Automation Tech-
niques other receivers. Those feature 12-
position (with detents) rotary transponder
selection, polarity control, and fine tun-

ing.

Avcom

Priced at 51595, the rack-mounted
COM-66(T} works with the BDC-60
block downconverter. It features 2 tuning
meter, Tolary channel selection with scan-
ning, audio and IF filtering control, a 30-
MHz [F bandwidth, and polarity-, black-

AVCOM mode! COM-3

and-white-/color-, and normal-/inverted-
video seleclors. Also offered is a
COM-65(T). which is similar 1o the pre-
vious unit but offers only two-channel se-
lection.

The Avcom COM-24 and COM-2B are
priced at $695 and $663 and feature rotary
channel sclection. tuning meter, and auio-
malic polarity-reversal, The COM-2A fea-
ures a remote-tuning unit. Both units are
supplied with Avcom’s RDC-/0 down-
converier.

Priced at $1898, the Avcom COM-3
and COAf3IR feature a signal-strength
meler, rolary channel tuning, automatic
polarity-switching, and dual video out-
puts. The COM.3R has remote tuner.

Blonder-Tongue

The 52281 model 6007 receiver fca-
tures detent tuning, signal-strength meter.
remote control, automatic polarity
switching, and special circuitry to aid in
the reception of low-ievel signals,

Boman Industries

Priced at $1i99, the SR-2000 receiver
features pushbutton tuning, preset audio,
time display, dynamic noisc-reduction,
video inversion, AFC, transponder
search, and 6.8-MHz audio preset. Other
features include automatic polarity-
switching, east-wesl anlenna-position
tuning control (for use with Boman's an.
tenna posilioners and polar mounts), skew
polarity tuning, dual-speed scanning.
LED display. and tuning and signal-
strength meters. Also available is 2 remote
control that features channel selection. up
and down search, standby, LED readout,
6.62- and 6.8-MHz audio presets. and
audio override.

The SR-2500, priced at $1364, features
satellite search (a programmable feature
that allows you to control the dish posi-
tioning from the receiver; for use with
Bomans dish positioner and polar
mounts), left-right channel variable au-
dio-tuning controls. auto polarity selector
(for use with Boman's Polarmatic), skew
tuning, polarity reverse button. scanning,
discrete stereo selector. stereo-balance
control, matrix-stereo selector bucton,
LED display, 6.8-MHz audio preset,
wide/namow audio-bandwidth seiection,
left-right-channel audio melers, signal-
strength meter, video-inverter. AFC, fine
uning. detent volume-control. LNA/DC
power remains on when umit is switched
off, IF-gain control, dynamic noise-re-
duction, and a parental-guidance switch
(for locking uut certain ransponders),

The SR-800, priced at $599, features
24-channel detent tuming. sterc0 ca-
pability. fine tuning, signal-strength
meter, AFC, and six preset audio chan-
nels.

Earth Terminals
Earth Terminals Mécrowave Receiver.
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priced a1 $1.425, features automatic AFC,
remote control, auiomatic §.5- 10 6.8-
MHz audio-subcarrier selection wning,
signal-strength and center-tuntng meters,
remole downconverter, continuous rolary
wning, and a 30-MHz IF bandwidth.

Gensat

The Model CSR-1200 slereo receiver,
priced at $700, is designed to work with
the BDC-{200 block downconverter. It
features polarity control, dual-audio and
integral-stereo decoders, full subcarmier
tuning, tuning meter, remolc control, and
has a 24-MHz IF bandwidth.

Gillaspie

The model 9600 is priced at $495. k
features an infrared remote-control, polar-
ity control, pushbutton wning, signal-
strength meter, LED channel readout,
built-in fine tuning, tunable 5-8 MHz au-
dio, AFC, and scanning.

GILLASPIE model 9600

Gould {Dexcel Division}

The Dexcel satellite receiver lineup
consists of the DXR-1100, DXR-1200. and
DXR-1300. which arc priced at $1.225.
$1,255, and $1,990. respectively. The
DXR-1{00 includes among its features
built-in matrix stereo decode, a standard
remote control, AFC, fine-tuning control,
and a signal-strength mecter. The
DXR- 1300 offers a built-in contro] for the

GOULD DXR-1300

Polzrotor (a device that automatically
swilches antenna polarity), matrix and de-
screle stereo, selectable nammow and wide
audio-bandwidths, digital channel-dis-
play, and signal-strength and channel-n-
ing meters. The DXR-1300 offers
pushbutton tuning, a digitai channel-dis-
play. built-in Polarotor conirol, matrix or
discrete stereo, infrared remuote—control,
seleciable narrow/wide audio bandwidth,
and 2 35-watt audio amplifier.

KLM

Seven models are available—the Sky
Eye IV, priced at $635; the Sky Eve V,
priced at $495; the Sky Eye VI, priced at
$975: the Sky Eye 7X, priced at $710; the
Sky Eve Vi, priced at $825; the Sky Eye

¥86l 4380420
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KLM Sky Eye Vi

X, priced at $550, and the Olympiad I,
priced at $385. The Sky Eye IV features a
slide-rule tuning dial, 24-channel
coverage. defeatable AFC, polarity
switch, 5.5- to 7.5-MHz audio tuning,
center-tune LED, and an LED signal-
strength meter, The Sky Eye V features a
polarity switch, signal-strength meter.
5.5- to 7.5-MHz audio taning, slide-rule
tuning dial, and a SAW filter. The Sky Eve
V! featres 5.5- 10 7.5-MHz audio tuning.
switchable narrow and wide audio band-
width, AFC defeat, polarity switch, fine-
wning, twe-speed scan tuning. signal-
strength meter, and a remole control. The
Sky Eyve 7X feawres a polarity switch,
polarity skew sclector, AFC defcat, 5.5-
to 1.5-MHz tuning, center-tune LED, and
LED signal-strength meter. The Sky Eye
Viif features §.5- 10 7.8-MHz audio sub-
carrier tuning, polarity-skew control, po-
farity switch, scanning. scek, fine tune,
LED channel indicator, synthesized tun-
ing. and signal-strength meter. The Sky
Eye X features AFC defeat, polarity
switch. and 5.5- o 7.5-MHz audio tun-
ing. The Qlympiad I offers a polarity con-
trol-switch, 5.5- 10 7.5-MHz audio
tuning, and a 30-MHz [F bandwidth.

Lowrance

Lowrance offers two receivers, the Sys-
rem 70% and the System 70+, priced at $650
and $750. The Sysrem 70« offers detent
tuning, variable fine-tuning, AFC with
defeat, vanahle audio-wning, wide and
narmow audio-bandwidth selection, sig-
nal-strength meter, video inverter. audio/
video oulputs, switchable polarity inter-
face, and scan tuning. The System 70¢
offers all of the above and adds dual varia-
ble audio-tuning (wide or narmow band-

, .

LOWRANCE System 70

widths), indcpendent subcarrier tuning,
and I?oth descrete and matrix stereo ¢a-
pability.

Luxor/Magnum

The $850 9550 feares dual scanning
modes, video inversion, defeatable AFC,
Dolby noisc-reduction, 2 0 1 audio ex-
pander, outputs for composite video and
audio, remote antenna control with addi-
uon of dish positioner, remote control,

mono and stereo modes with dual audio-
bandwidih selection. LED channel-read-
out, and pushbutton tuning. A remote
control is available as an option. The $650
9539 (Mark One) fcatures mono and ster-
eo modes, polarity control, switchable
audio IF, scanning, video inversion, vid-
¢0 level-meter, pushbutton tuning, and
LED channel-readout.

LS) Technologles

Priced at $550, the model {31 features
block downconversion, tuning meter, vid-
co inversion, polarization controt, contin-
uous rotary-tuning, 5.5- to 8-MHz
tunable audio, video and audio outputs,
and a SAW filter.

McCullough

McCullough offers four models, the
EiC-24, ELX-24, USA-l, and USA-IM
which sell for $445, 5495, $345, and
$365. Those are wwnable 24-channel satel-
lite receivers with a remote single-con-
version downconverter. Standard features
include signal-strength meter, local. re-
mole and scan tuning. wired remote con-
trol. polarity control, tunable audio,
discrete and matrix stereo capability, and
a baseband video/audio output.

National Microtech

National Microtech offers two nod-
els—The Apollo 2.70, priced at $700,
and the Apollo Elite. priced at $1352. The
Apollo Z-70 offers continuous 24-channel
rotary turing with detents. automatic po-
larity switching, fine tuning, scanning, a
27-MHz IF bandwidth, remote downcon-
verter, tunable audio. and a wning meter.
There is an optional remote control, Na-
tonal Microtech's other unit, the Apollo
Elite, offers an infrared remote control,
microprocessor-based  direct/sequential
tuning, LED chahnel display, automatic
polarity-switching, fine tuning, scanning.
tunable audio, tuning meler, volume con-
trol, television set onoff control, mute,
channel lockout, remote-antenna control
(for use with the company's Navigaror
anlenna positioner with memory), and a
22-MHz IF bandwidth.

Radio Semlconductor

For those who necd to feed signals to
mare than one set, Radio Se¢emiconduc-
tor's Locom system, which consists, in
part, of the BR 220 block receiver
($260)/BC 124 block converter (395), of-
fers an interesting alternative. In block
conversion, rather than tuning the down-
converter for a single transponder fre-
quency, the entire C-band is downcon-
verted at once and the receiver uses a
broadband UHF tuner 10 select the fre-
quency of interest. That could be a less
expensive approach for muiti-set set-ups.
Among the BR 220°s more noteworthy
features are tunable audio and a 23-MHz
bandwidth.
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AEGENCY SR-1000

Regency

Regency offers two models, the SR
1000, priced m $499, and the SR 3000,
priced at $550. The SR 1000 features po-
larity control, “X/Y graph™ LED signal-
strength meter for tuning, variable audio,
built-in RF madulator. video/audio out-
put, subcarrier output, inversion control,
a weatherproofed remote downconverter,
and continuous rotary tuning. The SR
3000 features detent tuning with defeata-
ble AFC, preset and variable audio-con-
trol, signal-strength and ¢enter-tuning
controls and meters, polarization skew
adjustment. dynamic-noise-reduction €ir-
cuitry, format switch control, external-
meter jack, video ibversion control, vid-
co/audioc cutputs, a 25-MHz IF band-
width, and a remote downconverter.

Sat-Tec

Three models are available from Sat-
Tec—the SR-3240, priced at $539; the
R-50005P, priced at 3279, and the
R-7000, priced at $£379. The SR-3240 fea-
tures motary detent tuning, LED readout,
automatic polarity switching: automatic
antenna-selector, built-in scanner. and
matrix stereo. The R-5000SP offers a po-
larity switch, AFC, 5.5-t0 7.5-MHz au-
dio tuning, signal-strength meter (tun-
ing), rotary (uning, remote downcon-
verter, and a video output. The R-7000
features a signal-strength meter scanning.
polarity control. polarity-skew compensa-
tion and stereo.

Wilson Microwave Systems

Two models, the YA 40, priced at
$495, and the YAf 1000, priced at $750,
are offered, The YAf 400 feawres continu-
ous rolary tuning, scanning, automatic
switching between satellite- and ter-
restrial-TV, signal-strength meter, polar-
ity control switch, 5.5- 10 7.5-MHz audio
tuning, and a SAW Riter. The ¥M /000
features pushbutton tuning, remote con-
trol, 5.5- to 7.5-MHz audio nuning, LED
channel-readout, signal-strength meter,
and automatic switching between satel-
lite- and terresuial-TV.

Winegard

Winegard offers the model SC-7035.
priced at $950, and the model SC-70358S.
priced at $1.025, Both units feature con-
tinuous rotary wning with LED display,
fine tuning. remote antenna control, s¢an-
ning, polanty switch, 5.5- to 8-MHz au-
dio tuning, signal-strength meter, and a
27-MHz IF bandwidth. R-E
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The Dish

MARC STERN

A guide to what to look for when shopping for a dish, and a guide to whats available.

THERE IS NO PART OF A TELEVISION RE-
ceive-only (TVRQO) sysiem that is more
obvious than the antenna dish. The dish.
of course. is not actually an antenna. In-
sicad it serves a double function, gather-
ing the very weak signals from a
geostationery satellite. and focusing them
on the antenna itself. In reality, the dish is
little more than a signal-refiecting device,

The importance of such a device is
quile obvious when you consider the low
strength of & downlinked signal. The out-
put power of a typical satellie-TV run-
sponder is on the arder of § watts. In
addition. that signal must conlend with
traversing 22,000 miles and the losses that

that entails. That loss. known as space or
spreading loss. can be on 1he order of 196
dB. so the signal strength on carth can be
as low as .08 x 102} watts. The resul is
that the signal can literally be buried in a
hash of thermal noise when it reaches the
antenna’s reflecior.

For those reasens. the gan of the
TVRO antenna necds to be 351045 dB or
more just te pull the signai out of the
thermal noise level. That's why relatively
large refiectors are needed.

In general. most TYRQO dishes are par-
abolic, although there are some on the
market that arc spherical. Regardless of
the shape, most dishcs are made form
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either aluminum, stainless steel, or fi-
berglass {or similar material) with a met-
alized surface. To reduce the effects of
weathering, a metal dish is usually further
treated with some heat-absorptive (not re-
ficctive) material: the thermal properties
of the material are impontant because we
want to keep heat away from the feedhom.
That treatment involves either applying
rustproofing or coating the dish with fi-
berglass. It is tmportant that that step be
taken so that the antenna doesn’t oxidize
or pit, which can change the signal
characteristics of the antenna. Pitting
caused by oxidation can cause reflections
and signal loss at the feedhorn.
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Two considerations that you should
keep in mind when shopping for a dish for
your home TVRO sysiem are the type of
construction and wind-loading. In gener
al, dishes can be one-piece or petalized,
and cither solid or wire mesh. You will
find that a dish that is petalized—made up
of many sections—is easier to ship than a
one-piece unit, but more difficult to as-
semble. It is also easier to move a pe-
talized dish, should the need arise.

In general. you will also find that a
solid dish is more prone to problems in
high winds than cne that is made up of
wire mesh. Solid dishes are dlso much
heavier than mesh ones and can accumu-
late water or, in freczing weather, ice.

Spherical versus parabollc

Although the niajority of dishes on Lhe
market are parabolic. spherical dishes do
offer some advantages. For sianters, the
signal reflection characteristics of the dish
can be excellent. with a sharper arca of
focus than that of a parabolic dish. A
sphenical dish doesn’t have tobe precisely
ponted at & satellite, unlike a parabolic
antenna. In fact, it can be as much as 20-
degrees off a direct line and the picture
will still be usable. That means you ¢an
use a spherical dish to focus on several
satellites simultanecusly. Of course, the
focal point for each satellite will be dif-
fereni.

You will primarily find a spherical dish
used in a fixed installation with a fixed
support that ;s usually very subsiantial,
That substantial support is of benefit jn an
area where wind-loading is a significant
factor.

The primary disadvantage of the spher-
ical dish, and the main reason it is not
pepular for use in home TVRO, is its
long focal length. which can reach 12 10
20 feet. (The focal length of an dish is the
distance from its center to the foca)
point—the arca where all of the signals
are gathered ut the feedhorn.)

Special considerations

When you are choosing a dish for your
TVRO system. there are some special
considerations of which you should be
aware.

Dish gain, usually from35t050dB ina
home TVRO system, is related to dish
aperture. Unfortunately. dish manufac-
turers usually quote that specification at
the high end of the C-band range. where
gain is usually higher, rather than at the
middle or low-end of the band. Suill. that
specification is useful as a guide. In gener-
al, you will find a six-foot dish has a gain
of about 35 dB. with gain increasing
about | dB for each extra foo in dish
aperture until you reach 11 feet. Beyond 1
feet, you will find about 1/2-dB gain-per-
foot. Gain also depends on the curvature,
shape (spherical vs. parabolic), and con-
dition of the dish.

Beamwidih tells you how well a par-
ticular antenna will accept the signals of
one satellite. while rejecting those of
others. Therefore. the nammower the beam-
width the more selective is the dish.

For a TVRO system 1o function prop-
crly. il must be properly maiched
throughout. That is why the VSWR, or
Voltage Sianding Wave Ratio, must be
low, as close to | 10 | as possible. If the
VSWR of a particular dish is poor, it
means 100 much of the signal is not being
focused on the feedhom. which results in
& poor transfer of signal from the anienna
to the receiver. That. of course. means
that there's a deterioration in the guality of
the picture that you eventualiy see.

Mounting Conslderations

There are several types of mounts that
are suitable for a TVRO dish. Those are
fixed mounts, A2/E) mounts, ard polar
mounis. The fixed mount, as its name
implies. is fixed in one direction at one
satellite. That type of mount, if suitably
reinforced, can withstand high winds the
best. Of course, it also has the advantage
of not requiring adjustmenis once it’s in-
stalled. That advaniage is alsp iis chief
disadvantage, as it restricts you to viewing
qnly one satellite.

The most versatile mount is the Az/E|
(AZimuth/ELevation) type of mount. That
type of mount allows you to move the dish
across the saicllite are, as well as up and
down. The chief disadvantage of that type
of mount is that achange in one parameter
(¢ither azinuth or clevation), will reguire a
change in the other. Hence, that type of
mount is very difficult to adjust.

The most popular mount for home
TVRO's is the polar mount. It features the
adjustability of the Az/El mount, but
takes many of the headaches out of adjust-
ment because you only adjust the angle of
azmuth; the ¢levation is taken care of au-
tomatically. That type of mount can also
be controlled from indoers.

With all of that out of the way, let’s take
a look at what the dish manufacturers are
offering.

Blonder-Tongue

Our first manufacturer, Blonder-
Tongue, offers 5 dishes suitable for home
TVRO's. Those are the $2050 model
6034 (9-foot), which is expandable 1o the
52440 model 6035(10-foot). the $2318
model 6053 {(12-foot); the $5107 model
6048 and the $5186 model 6050 (15-foot),
and the $6500 model 6026 (16-foot).

Looking a little more closely at the
dishes, the 6034/6035 is a solid dish of
petalized construction. An inleresting
feature is that the 9-foot 6034 can be retro-
fitted with extender panels to tum it inlo
the 10-foot 6035, Gain is 39.5 dBi (9-
foot)}/40.1 dBi (10-foot), beamwidth is 1.9
(9-foot)/1.7 (10-foot) degrees, VSWR is
1.3:1, and winds to 100 mph can be with-
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stood. The dish weighs 350 pounds (9-
foor). 440 pounds (10-foot) and is avail-
able with ¢ither Az/El or polar mounts.
The model 6053 12-foot dish offers 2
gain of 41.7 dBi and a beamwidih of 1.5
degrecs. It is a solid dish of petalized
construction, weighs 1100 pounds, and
can withstand winds to 125 mph. The dish

BLONDER-TONGUE 6034

comes with a “T-bar”™ AZ/El mount.

Blonder-Tongue's 15-foot models are
available with either prime focus (6048)
or Cassegrain (6030) feeds. Both models
are solid (fiberglass) dishes of petatized
construction. weigh 1200 pounds, feature
Az/El mounis, and can withstand winds
to 100 mph. The model 6648 offers a gain
of 43 dBi, a beanuwidth of 1.1 degrees,
and a YSWR of 1.3:1. The model 6050
fearures a gain of 43.5 dBi, a beamwidth
of 1.12 degrees, and 2 1.3:1 VSWR.

Finally, the 16-foot 6026 fcatures a gain
of 44.1 dBi, a beamwidth of 0.86 degrees,
and a 1.3:1l VSWR.

Boman Industries

Boman Industries offers two dishes,
the model $A-3000 and the model
§A-2400. Looking at the top-ofhe-line
S$A-3000. that 10-foot one-piece con-
struction, fiberglass dish is rated to with-
stand winds of up to 120 mph. It boasts a
VSWR rating of 1.2:1 and a gain of 40.1
dB. It sells for $840.50. The smaller (8-
foot) SA-2400 is also of one-piece con-
struction, but the material used is spun
aluminum. It sells for $365.50.

Comtech Antenna Corporatlon

Comtech offers offers a wide variety of
dishes. Their 10-foot model boasts a gain
of 40 dBi. a beamwidth of 1.7 degrees.
and weighs 650 pounds. It is made of
fiberglass, features a manual Az/El
mount, and sells for $i790. The 12.5-foot
model has a gain of 42.9 dBi, a beam-
widthof 1.4°, and 2 weight of 800 pounds.
It is made of fiberglass, features cither an
AZ/El or polar mount. and sells for $2060.

Conlfer

Conifer offers a 12-foot, petalized wire-
meshdish. The model AN-/200 features a
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CONIFER AN-1200

gain of 42.3 dBi. a beamwidth of 1.5
degrees, and weighs 300 pounds. It uses a
polar mount, is rated 10 withstand winds
up to 100 mph, and sells for $1300.

Delta Satellite

Delta’s Stardusrer is an 8§ -foot spun alu-
minum solid dish that boasts a gain of
38.5 dB, uses a polar mount, weighs 69

DELTA Starduster

pounds, and sells for $799, Other dishes
in the line include the 10-foot fiberglass
Detia ! (31149} and the 13-foot Delra I}
($1895)

General iInstrument

Among the offerings from General In-
strument are the SAO8!S, SA/02, and the
SAI22. The 8-fool SAGS/S fcatures a gain
of 38.1 dB and a beamwidth of 2.2 de-
grees. It is made of alumigum, uses a
polar mount, and sells for $1025. The 10-
foot SAJ02 feawres a gain of 40.3 dB and
a beamwidih of 1.8-3.8 degrees. It is
made from spun aluminum, uses a polar
mount, and sells for $2235. The 12-foot
SA122 features a gain of 42.2 dB and a
beamwidth of 1.5-3.2 degrees. It is made
of spun aluminum, usés a polar mount.
and sells for $2540.

Industries PPD

The Sphinx is a 12-foot petalized, poly-
urethane dish. It boasts a gain of 42 dBi
and a beamwidth of 1.35 degrees. The
dish weighs 380 pounds, uses a polar

{NDUSTRIES PPD Sphink

miount, and sells for $1235. A 10-foot ver-
sion and Cassegrain feed are also avail-
able.

Janeil

The Jancil 9-foot dish w a petalized.
aluminum mesh unit. [t boasts a gain of
39.5dB and a beamwidth of 1.89 degrees.
Its polar mount features a full declination-
tracking adjustment. The dish iself
weighs 110 pounds; the mount weighs 130
pounds. The suggested retail price is
5929,

Also from Janeil is their Dark Star
dish. That 12-foot mesh dish sells for
51149

KLM

KLM X-71

KLM offers 8-, 1l-. and 16-foot mod-
els. The 8-foot Mini-X has a 37.3-dB
gain. Ivis of of petalized wirc-mesh con-
struction, weighs 85 pounds, uses a polar
mount, and ¢an withstand winds o 100
mph. It sells for $850.

The 11-foot X-17 has a gain of 40.5dB.
1t is of petslized wire-mesh construction,
weighs 125 pounds, uses a polar mount.
and can withstand winds o 100 mph. The
dish selis for $1420.
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The 16-foot X-16 has a gain of 43.5dB.
Itis of petalized wire-mesh construction,

KLM Mini-X

weighs 290 pounds, uses a polar mount,
and can withstand winds to 100 mph. It
sells for $2995.

Luly Telecommunlcations

Luly offers a vanety of popular-sized
wire-mesh dishes. Their 6-foot model has
a gain of 35 dB. a beamwidth of 2.8
degrees, and sells for $950. Their 8-foot
model has a gain of 37.5dB. abeamwidih
of 2.2 degrees, and sells for $1050. Their
10-foot model has a gain of 39.5 dB, a
beamwidth of 1.7 degrees, and sells for
$1150. Their 12-foot model has a gain of
41.5d8B, a beamwidth of | .4 degrees, and
sells for $1250.

McCullough Satellitf_.'_

McCULLOUGH SATELLITE 5-Ball

McCulleugh offers both spherical and
parabolic dishes in kit form. Their alumi-
num-mesh 8-ball spherical dish (featured
in the August and September 1981 issues
of Radio-Electrenics) is available in 8-
{$395), 10- {S445), 12- ($475) and 16-Toot
($1200) versions. Their aluminum-mesh
Wagon-Wheel parabolic dishes are avail-
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able in 8- ($300) and 10-foot ($350) sizes.
Also available from the company are 8-
($300) and 10-foot ($350) parabolic fi-
berglass dishes.

Miralite Corp.

The Miralite Corporation offers two
dishes that are suitable for home TVRO
applications. Their 12-foot model offers
42-dB gain, weighs 300 pounds, and can
withstand winds to 125 mph. It sells for
$2484. An 8-foot model, which sells for
$1085, is also available.

Paradigm Manufacturing

Paradigm offers their Paraclipse dishes
in three sizes. All models are of mesh
construction and ¢ome with polar
mounts. The 9-foot modei has 39 3-dB
gain and a beamwidth of 1.8 degrees. It
sells for $995. The 12-foor model has a
gain of 42.3 dB and = beamwidth of 1.28
degrees. It sells for $1295. Finally, the 16-
foot model has a gain of 44.8 dB and a
beamwidth of .9 degrees. That dish sells
for $4995.

Pico Satellite

Pico offers single and dual-feed mod-
cls. The SAR-I4SF is 1 14-foot dish with a
43.6-dB gain and a 1.27 degree beam-
width. It weighs 356 pounds, is of cast
aluminum construction, can withstand
winds to 120 mph, and costs $3350.

The SAR-10SF is a 10-foot dish with a
gain of 40.8 dB and a beamwidth of 1.51
degrees. It is made of cast aluminum,
weighs 205 pounds. and is rated to with-
stand winds to 125 mph. The dish sells for
£2,050.

In dual-feed models, there is the
SAR-IODE . That 10-foot dish has a 40.5-
dB gain and a i.55-degree beamwidih. It
weighs 205 pounds, is made of cast alu-
minum, and can withstand winds 1o 125
mph. It sells for $2,250.

The 14-foot SAR-14DF dual-feed dish
has a gain of 43.1 dB and a beamwidth of
i.3 degrees. It weighs 356 pounds, is
made of cast aluminum. and can with-
stand winds to 125 mph. 1t sells for
$3,350.

Quadralite

QUADRALITE 4-foot dish

Quadralite offers a rather interesting
eniry—a 4-foot dish intended for recrea-

tional-vehicle (RV) use. That relatively
small dish has a gain of 34 dB and a
beamwidth of 3.75 degrees. It is of plas-
tic/fiberglass/met®l construction and
weighs 85 pounds. including polar
mount. The dish sells for $335.

Regency Satellite Systems

From Regency comes the S4 9000,
That 7¥5-foot dish is made from marine

REGENCY SA5000

aluminum, is of onc-piece construction,
weighs i56 pounds. and offers 38.5-dB
gan. It sells for $595.

Symtel

The Vision 2000 from Symiel is avail-
able in two sizes. The 8-foot mode! has a
gain of 38.5 dB, a beamwidth of 1.9 de-
grees, uses A polar mount, and weighs 94
pounds: the one-piece. solid-construction
dish selis for $579,

The 10-foot Vision 2000 has a gain of
40.5 dB, a beamwidth of 1.65 degrees,
uses a polar mount, and weighs 167
pounds. That one-picce, solid-con-
struction dish sells for $899.

USSMaspro

USSMaspro markets three antennas.
Al the low end of its line is the model
300-1. which has a gain of 42.2 dB. a
VSWR of 1.25:1, and a beamwidth of
1,35 degrees. That 12.6-foot dish is made
of fiberglass, features two-piece solid
construction, weighs 520 pounds, can
withstand winds to 125 mph, and uses a
polar mount. [t sells for S1095.

The model 380-1 has a gainof 44.4 dB,
a VSWR of 1.25:1, and & beamwidth of
1.05 degrees. That 16-foot dish is made of
fiberglass, features three-piece solid con-
struction, weights 1270 pounds, can wilh-
stand winds to 120 mph. and uses a polar
mount. it seils for $1895.

Al the top-of-the-line is USS/Maspro’s
commercial-grade model 560-f. The
model 500-f has a gain of 44.4 dB, a
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VSWR of 1.25:1 and a beamwidth of 1.05
degrees. That t6-foo: dish i1s made of fi-
berglass. features three-piece solid con-
struction, weighs 1270 pounds. can
withstand winds 0 120 mph, and uses a
polar mount. That dish sells for $4995.

Wilson Microwave

The MD-9 has a gain of 38.5 dB and a
beamwidth of 1.8 degrees. The gal-

WILSON MD-8

vanized-stec], petalized construction, 8-
fool, 8-inch dish weighs 250 pounds and
can withstand winds to 100 mph. It sells
for $499.

Winegard

The model SC-10I8/SC-1019 {(chrome/
black satin finish) is a 10-foot perforated
aluminum dish. It boasts a gain of 395
dB and a beamwidth of 1.6-degrees, It
weighs 92 pounds, can withstand winds to

WINEGARD §

125 mph, and uses a polar mount It sells
for $1077.

Winegard also offers an §-foot alumi-
num dish with a gain of 37.5dB. It uses a
polar mount and sells for $484. R-E
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Feedhorns,
Waveguides, and LNA’s

A TVRO system has many stages, each doing a specific job and having its own set of
specifications. In this article, we'll look at those stages that get the signal from the dish and

feed it to your receiver.

THE POPULARITY OF SATELLITE-RECEIVER
systems has brought with it a great deal of
confusion as 1o which one to purchase.
That's because several manufacturers of
fer a number of microwave products with
hard-to-understand specifications.

To the average consumer. specifica-
tions sheets contain nothing more than a
lot of electronic mumbo-jumbo that only
serves 19 further add to the problem. Soto
help make the task of deciding which sys-
tem to purchase a little easier. we've sim-
plified the specifications of some of the
devices and listed only the most impor-
tant

Feedhorn

One of the most important parts of any
home TVRO system—afier the dish, of

course-—is the feedhom. That deviee col-
lects the weak signals that are reflected
from the dish and focuses them on the
antenna itself.

The most widely used feedhorn ar-
rangement is known as a prirme-focus ar-
rangement. so named because of the
placement of the feedhom. Located at the
spot (known as the focal point) where the
reflected signals from the dish are concen-
trated, its function is to collect as much of
the focused signal energy as possible. Itis
the type most likely 1o be found in a home
TVRO system.

Another type of feed—called a Cas-
segrain system—uses a second reflector
shaped as a hyperbola; hence, it is known
as a hyperboloidal subreflector. The first
reflector is the dish itself, with the second-
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MARC STERN

ary reflector located al the prime focal
point. The sub-reflector refocuses the re-
flected satellite signal {from the dish)
through an opening (aperture) in the cen-
ter of the dish to a low-noise amplifier or
LNA.

The primary advantage of the Cas-
segrain arrangement over the feedhorn
type is the additional gain that it provides.
The disadvantage of that system is thatit’s
harder to adjust than the prime-focus ar-
rangement and the second reflector is in
the path of the incident signals. That
means that some of the signal will be
blocked out (aperture blockage).

There are ways. however. 10 overcome
the drawbacks associated the Cassegrain
system. One remedy is o use a larger dish
to allow for aperturcblockage losses.

3 861 4380100
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However. that's not always convenient.

Wavegulde

Unlike the conventional TV receiver
where the incoming signal is picked up by
an antenna and transferred to the signal-
processing circuits in & TV set. microwave
signals arc reflected from the dish onto 2
waveguide. which then directs the signal
to the antenna. A waveguide is used at
microwave frequencics because of its
lower loss when compared to coaxial ca-
bic. While it is possible to use other cable
types, those cables are very expensive.

In many cases, when you look at the
feedhorn you will see several metaliic ¢ir-
cles surrounding the central waveguide.
Those rings are part of what is known as a
scalar feed. The purpose of those rings is
to help concentrate any sateltlite signals in
the waveguide.

The antenna

The antenna (also sometimes called the
antenna probe or simply the probe) is lo-
cated in the feedhom at the end farthest
away from the prime focal point. (Note
that you cannot buy the probe sepa-
rately—it comes with the feedhorn.)
From the antenna. the signal is fed 1o the
LNA.

Because TVRO systems operate in the
gigahenz region, the antenna is tiny—
about one-inch gverall. That broadband
antenna is tuned to be resonant over the C-
band frequency range.

Low-noise amplifiers

The signal from the antenna probe is, as
stated before. directed to an LNA, That
wideband, non-tunable amplifier has an
amplification factor of about 100,000
(roughly 50 dB). It is usually encased in a
weather-proof containcr—since it is lo-
cated outdoors—and mounted just to the
rear of the feedhom (usuaily as a pan of
the feed system). It has an input-frequen-
cy range of 3. 7-4.2 GHz.

Not only does the LNA amplify the
satellite signal, but it also amplifies any
noise that may be presented to its input.
That includes any noise generated by the
amptifier itself.

Also. even the noise generated by the
radiated heat-energy from the earth can
interfere with the satellite signals (which
are inhcrently very weak), That’s why an
LNA’s most important specification is
givenin Kelvins (or degrees Ketvins). The
lower that roise-temperature raing. the
lower the noise that is generated by the
device. Popular LNA's generally have
noise lemperalures in the range of
80°K-120°K.

In puiting together a TVRO sysiem,
another important rating to keep in mind
is the signal-to-noise ratio (G/T) or figure
of merit {(expressed in Kelvins or deci-
bels). That figure is a measure of how
much elecirical noise will be added to

signals presented to the LNA input,
however the figure of merit is independent
of the gain of the amplifier. In other
words, the noise lcvel does not effect the
gain of the LNA.

The gain is far more dependent on fre-
quency range than the noise figure. For
instance, an LNA with a noise figure of
1.5 dB can have gain variation of as much
as 6 dB, as the frequency range changes
over the € band. As noted in other articles
in this section, manufacturers usually
specify the maximum gain figure in their
literature, rather than on the average.
Therefore, you may find the actual gain at
a particular frequency to be considerably
lower.

LNA components

Maost LNA’s use gallium-arsenide
(GaAs) FET's. although some use bipolar
transistors. The features we need are ex-
cetlent gain and the ability to take low-
level signals and amplify them into usable
levels.

The LNA is little more than a signal
amplification device. it raises the ampli-
tude of the signal by many orders of mag-
nitude, but that's all it does. That means
that the signal exiting the LNA is at the
sanie frequency as that presented to its
input.

While, it is possible to feed those sig-
nals directly to the satellite receiver
through coaxial cable {as was once the
case), to do so requires using fairly long
runs of very expensive, hard-to-work-
with cable—called helix. (The losses as-
sociated with “‘regular” coax at are 100
high for the cable to be used at microwave
frequencies. )

A more practical arrangement is the
one found in the most systems today: The
downconverter is placed at the output of
the LNA (mounted on the dish structure),
and its oulput is fed 1o the receiver through
common coaxial cable. The downcon-
vener acts like the front'end of a super-
heterodyne receiver: It takes the LNA's
outpul and mixes it o produce an inter-
mediate frequency of about 70 MHz.

Low-nolse converter

Sometimes the LNA and downcon-
verter are combined into one device,
called a low-noise converter (LNC). That
eliminates the need to run a line between
the LNA and downconverier. The two
components may then be mounted in a
single waterproof enclosure, which re-
sults in reduced installation time and
lower manufacturing cosl.

Low-noise block downconverter

There is another type TVRO sysiem in
which the antenna and LNA handle all
transponder frequencies as a block; here
the LNA acts as a low-noise block con-
verter of LNB, combining the amplifica-
tien and mixing functions.
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Amplica

Amplica has several LNA models to
choose from. ranging in price from about
$300 to $800. Each of the miodels, the
ACD30530, ACD305329. ACD30533!
and ACD305332 has & gain of 50dB. But
each model’s noise figure is different: The
$329 ACD30530 has a noise emperature

AMPLICA model ADC 305-305 LNA.

of 120°K, the 3399 ACD305329 has a
noise temperature of 100°K. the $599
ACD30533]1 has a noise temperature of
90°K. while the $799 ACD305332 has
one of only 85°K.

Avantek

A similar situation exists with Avan-
tek's LNA's. While each model has a gain
of 48 dB, the noise temperature vary from
120°K for the $375 AWC-42120 10 100°K
for the $525 AWC42100, 10 90°K for the
$689 AWC 42085, 1o 80°K for the $895
AWC42080.

Boman Industries

The LNA-912 series of low-noise ampli-
fiers from Bowman features a gain of 50
dB, while their { ¥A-9J0 series features a
gain of 53 dB. Six different inodels are
available, ranging in price from $139 to
$219. Their noise lemperatures range
from 120 °K 10 80°K.

Boman also offers a variety of
feedhorns including the $99.50 RFH-75-1
($114.50 with remote) and their EFH-75-
it (379.50). Both are scalar-feed types
and use DC motors for antenna probe ro-
tation. The EFH-90 is priced a1 $99.50
and is another scalar feed with 180-degree
rotation. (A solid-state version is avail-
able )

The EFH-90-PH polarizer mounis in
standard feedhorns and costs $129. It uses
a ferrite design to keep moving parts to a
minimum. [t featunes 180-degree rotation.

Gillaspie Communications, Inc.
Two LNA’s from Gillaspie are avail-

GILLASPIE model GLN-3742 LNA.
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able, each with a gain of 50 dB. The
GLN-3742-100NIA sells for $i75 and has
a noise temperature of 100°K. The
GLN-3742-120 sells for $150, and has a
noise temperature of 120°K.

International Satellite Video

[nternational Satellite Video offers
their Polarron I1i polarizer, for $59.95.
It's a solid-state pelarizer: Polarity
changes are accomplished magnetically
(no moving pans are used).

M/A-COM Electronics Canada

This line of LNA's features a minimum
2ain of 50 dB. Priced from $160 to $300.
the models in the 206 LNA iine are rated
at 120°K, 100°K, and 85°K.

Microwave Applications Group

The ferrite polarization rotator, model
FPR.I C/D. available for $132 features

MICROWAVE APPLICATIONS GAROUFR FPRY for-
rite polarization rotator.

automatic polarization selection, using
Faraday rotation, it has an insettion loss of
0.15 dB and a rotation of 120°.

Radio Semiconductor/Locom
The RF-900.120, which sells for $180

has a noise temperature of 120°K. The
RF-900-100, which sells for $160 has a

LOCOM models RF-900 [top] nd RF-30.

noise temperature of 100°K. The
RF-900-85, which sells for $280, is rated
at 85°K. Each model has a gain of 52 dB.

R.L. Drake

Drake has three LNA models. the
2575. 2574. and the 2573. They sell for
$329, $429. and $599 respectively. The
Drake LNA's use GaAs FET amplifiers
and each has a gain of 53 dB. Their re-
spective maximum noise wmperatures are
120°K. 100°K, and 85°K.

The LNA's, as you might expect use

Syntronic

An integrated LNA and feedhorn is
available from Syntronic for $495. It has
no insertion loss between the LNA and
feed. and electronic polarity sclection
(w1th no moving parts or adjustmients). An
adjustable choke is included 1o optimize
the focal point. The noise €mperature of
the integrated LNA/feedhorn is 100°K . Its
2ain is 50 dB.

weatherproof construction and are cov-
cred by a 9 month warranty.

Winegard

Winegard's SC-8/0/ sells for 3384. It
has a gain specified at 50 dB and a noise
temperature of 100°K. R-E

R.L. ORAKE model 2575 LNA.

Electronics Paperback Books

NEW Paperbacks You’ll Want To Read
CHECK OFF THE ONES YOU WANT
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Anderson Scientific, Inc.
2123 Rand Road
Rapid Ctty, SD 57702

Antenna Technology Corp.
895 Central Florida Parkway
Orlando. FL 32809

Arunta Satelite Telecommunications
Box 15082
Phoenix, AZ 85060

Automation Technlgues, Inc.
1550 North 105th East Ave.
Tulsa, OK 74116

Avantek. Inc.
481 Cottonwood Drive
Milpitas, CA 95035-7492

Aveom
500 Research Rd.
Richmond, VA 23236

Birdvlew Satellite Communications,
Ine.

Box 963

Chanute, KS 66720

Blonder-Tongue
Brown Road
Oid Bndge, NJ 08857

Boman Industries
9300 Hall Rd
Downey, GA 90241

Burr Engineering
730 East Michigan Ave.
Battie Creek. MI 49017

Channel Master
Ellenville, NY 12428

Comtech Antenna Corp.
3100 Communicahions Ra
Box 428

SI. Cloud. FL 32789

Conlfer Corp.
1400 North Roosevel
Burlington, 1A 52604

Delta Sateilite Corp.
One Echo Plaza
Cedarburg, W{ 53012

Earth Terminals
One Miciowave Plaza
Cinclnnati, Ohio 45242-3502

General Insirument RF Systems
4229 South Fremont Ave.
Tucson, AZ 85714

Gensat/Microdesign Lid.
1300 Bay St.
Toronto, Ont. M5R 3K3

Glllaspie
365 San Aleso Ave.
Sunnyvale, CA 94086

MANUFACTURER LIST

Gould/Dexcel Division
2580 Junction Ave.
San Jose. CA 95134

Indusirias PPD, inc.
1649 sud. rue Belveders
Sherbrooke, Que., Canada J1H 4E4

International Salellte Video Corp.
Box 5685
Orange, CA 92667

Intersat
1000 Lake Salnt Louis Bivd.
Lake Saint Louis, MO 63367

Janell Corp.
6860 Camby Ave. #113
Reseda. CA 91335

KLM Electrontics Inc.
P.O. Box 816
Morgan Hill. CA 95037

Lindsay America
477 East Willow St.
Willlamsport. PA 17701

Locator, Inc.
Box 3422
Kimberling City. MO 65686

Lowrance Electronles. Inc.
12000 Easi Skeily Dr,
Tulsa. OK 74128

LS| Technologles
340A West Tinity Lane
Nashvilie, TN 37207

Luly Telecommunications Corp.
Box 2311
San Bernardino, CA 32406

Luxor {North America) Corp.
600-108th Ave. N.E.

Suite 539

Bellevue, WA 98009-0032

M/A-COM Prodelln, Inc.
Box 468
Newton. NC 28658

MeCullough Satellite Equipment
Route 5, Box 97
Salerm, AR 725786

ticrodesign Lid.
{Gensat} 951 Alness St
Downsview, Ont. MAJ 201

Micro-Link Systems, Inc.
6101 Webster St.
Dayton, OH 45414

Microwave Applications Group
3030 Indusidal Parkway
Santa Maria, CA 93455

Mirallte
4050 Chandler
Santa Ana, CA 82704
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National Microtech. Inc.
Drawer E
Grenada. MS 38301

National Micro-Dynamics, inc.
6153 Airways Bivd.
Chattanooga. TN 37421

Newton Electronics Inc.
340 Easl Middiefield Rd.
Mountain View, CA 94043

Odom Antennas, Inc.
1st State Bank Blag, 202
PO Box 1017

Beebe, AR 72012

Paradigm Manutacturing, Inc.
3711 Meadowview Drive
Redding, CA 96002

Pico Satellite. Inc.
415 Galor Drive
Lantana, FL 33462

Quadralie, Inc.
114 West Corsicana
Athens, TX 75751

Quantum Assoclates
Box 18
Alpine, WY 83128

Radio Semiconductor, Inc. (Locom)
315 Branner Pike
State College, PA 16801

Regency Sateilite Systems
7707 Records St.
Indianapoiis, IN 46226

R.L. Drake Co.
540 Richard SI.
Miamisburg, Ohio 45342

Sat-Tec Sales, Inc.
2575 Baird Rd.
Penfield. NY 14526

Symtel, The Barnhart Corp.
6135 2nd St., NW
Albuquerque. NM 81107

Syntronic Instrumenis, Inc.
100 Industnal Road
Addison, IL 60101

United Satellite Systems(LSS/Maspro)
Highway One West
Theel River Falls, MN 56701

Visia Electronics
1101 West Elm St.
Cabot, AR 72023

Wiison Microwave Systems?Inc.
4286 South Polans Ave,
Las Vegas, NV 83103

Winegard Satellite Systems
3000 Kirkwood St.
Burhington. |A 52601
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This month we'll test the IC tester and then we'll look at some options that you can add.

P LAST MONTH. WL DE-
art scribed the IC-1ester
circuit and the theory behind how it
works. Now it's time to miake sure that it
does work. After we do that, we'll look at
some options that you can add to your
tester. For example, we’ll build a low-
budscl logic analyzer—it wurks by ex-
panding your oscilloscope display to 16
traces.

Testing the tester

Most of the componcnls and wiring are
located in the data paths so the inherent
self-diagnostic feature of the tester can be
utilized as adebugging aid for the finished
project. After the device is built and con-
nccted to the host computer. preliminary
testing can begin.

For the purpose of discussion, we will
assume that the device has been mapped
into memaory addresses CFOOH through
CFFFH (as it is shown in the schematic).
Note: An “H" indicates that a number is
written in hexadecimal form.

Open all the isolation switches
(S1-S8t6) and make sure that the test sock-
el is empty and that there are no power-
supply jumpers between SO3 and SO2.
Read the sixteen response bits by per-
forming memory reads on addresses
CF0H and CFOIE. Both of those ad-
dresses should return FFH., indicating that
the response is equal to sixieen 17" bits.
Nexl, close all the isolation switches and
wiite sixteen zeros in the stimulus latehes
by writing 0 into address CFOOH. Read
the response as before and look for sixtecn
zero bits. Now write all ones in the stim-
ulus tatches by writing FFH into memory
address CFFFH and check for a response
of all ones. as before. Ay this point, the
tester is in a configuration where all stim-
ulus information should be exactly dupli-
caled on the response lines.

The next test will require a shont pro-
gram to send counting stimuli to the teste
er. After each stmulus is sent to the
latches, the response is accepted and com-
pared with the stimulus for equality. 1f
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single-bit failures arc observed during the
the test, the conponents and wiring asso-
ciated with that particular bit should be
checked carefully. 1 the bit pattems den't
change or if they don't even resemble the
correct Patterns. the comrol circuitry
might be at fault. Any discrepancies noted
up to this point mwst be repaired before
proceeding with further tests.

‘Ihe final series of tests will wrify the
wiring of the isolalion switches. Stanting
with all switches elosed. open one switch
and scnd a stimulus of all zeros. The re-
sponse should be all zeros except for a
single “*1" bit. which should correspond
10 the open switch. Now close the swiich
just tested and open the next switch, then
perfnrm a similar stimulus/response test
on this switch. Continue in this fashion
until all sixteen switches have been iested.
The final 1est is started with all switches
open and is similar to the previous test in
that one switch at a tine is tested. This
time the switches will be closed onc at a
time. Send test patterns of all zeros and
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FIG. 5—THE 74LS05. Before you test sny IC. you have to prepare a funciion table. Thats not only
because you have lo determine a valld snd complete set of stimull. but you S1s0 hive to determine what

kind of response you should expect.

look for a response of all ones.except for
the single closed switch.

Using the tester

In order to test an 1C. the isolation
switches and the power-supply jumpers
must be configured for the specific circuit
1o be tested. The switches assigned to
inpul pins of the test circuit must beclosed
and those assigned to output pins and
power supply pins must be open. The ac-
tual test is done by comparing the set of
test responses with a set of known good
responses,

The best way to obtain a set of good
responses is to issue stimuli to an 1C (of
the type you want to test) that you know to
be good. You can save the responses for
future comparison. Actually you should
save both siimuli and responses since the
patterns issued during the test must exact-
ly match those used to create the initial
pattierns. A less attractive way of obtain-
ing good response data is to issue pattemns
to a circuit thought to be good and then
manually examine the response data to
see if it is comrect.

Let's consider the steps involved in test-
ing the SN74L895, a four-bit shift register
with parallel-load capability. Figure 5
shows the pinout for that 14-pin IC along
with a table that describes the circuit’s
functions. The mobg input (pin 6) deter

mines the mode in which the circuit i$
operating (paralle] load or shift), and also
determines which of the two clocks is
permitied to change the register contents.
The function table reveals that there are
edge transitions in the mode-change area
that will cause indeterminate results,
Those transitions should be avoided dur-
ing the testing process because they repre-
sent invalid stimuli.

Fourteen-pin IC’s should be mounted in
the 16-pin socket such that pins 8 and 9 of
the l6-pin socket are empty. (Con-
sequenily, pin 14 of the IC is connected to
pin 16 of the test socket and to $16.) Fig-
ure 6 shows that and also indicates the
required position of each isolation switch
for that panticular 1C. The + 5-volt power-
supply jumper must be connected from
SO3 pin 14 10 SO2 pin 16. The ground
jumper goes from SO3 pin 710 SO2pin 7.
Set up the switches and power-supply
jumpers, insen the 1C into the test socket,
and testing can begin.

The 74LS95 has muliiple edge-sen-
sitive inputs. As we mentioned pre-
viously. counting through the inputs does
not generate suitable (complete and valid)
stimuli for that IC. We shail use what
amounts to a smaller and somewhat sim-
pler set of test patierns as shown in Table
]

Table 1 indicates that scveral patterms
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are issued to the 741895 before each re-
sponse is read. For example, consider line
12 of the table. A stimulus of 8228H is
sent, bringing crk2. MODE, and high.
That is followed by 0068H on line 13,
which brings TKz low. A response is then
accepted; it and should equal $028H on
fine 14.

How does the host know when to accept
a response? The software driver can take
advantage of the fact that the isolation
switches for the two power-supply pins are
known to be open and that, consequently,
those two pins are not sensitive to stimuli.
Bits 7 und 16 can be used to imbed con-
trol-flag bits into the test data, Those can
be used to tell the host whether to generate
a stimulus, expect a response. call & sub-
routine, etc.

For exampie. when the ground line (bit
T) is made high, as on line 16, it indicates
{to 1he author’s test software) that a re-
sponse is to be taken after the patiern is
sent. When the + 5-volt line is made high
as on iine 18, the software driver will call a
subroutine to clear the 741593 before
sending the lest pattern on line 18. Notice
that line 15 brings bits 16 and 7 of the test
circuit low. The software driver writes that
pattern and then proceeds to the next pat-
tern on line 16. The pattem on line 16 has
bit seven high (ground pin), causing the
driver 10 accept a response (line 17) after
sending the DB70H patiern. When both
supply lines are high as on line thirty, it
signifies “end of test.” That use of power
supply pins is one way, but not the only
way, of simplify the passage of control
paramelers to the software.

Because the SN74L.893 does not have a
separate CLEAR pin. the clear subroutine
(Table 1. lines |—4) must use the parallel-
load capability of the circuit to load all
7eros into the internal register. The re-
sponse should be tested after the clear
subroutine since a failure here will cause
subsequent failures in the main body of
the test. [tis good general practice to tlag
the earliest possible failure in a series of
tests. especially if the software is going to
perform a complete and exhaustive failure
analysis.

Options

If you build the tester on a pruiotyping
board designed for your host syslem, you
will almost cenainly find that there is
plenty of space left on the board for possi-
ble expansion. For example, an 18-pin
socket may be added for the purpose of
testing specific 18-pin circuits such as the
popular 2114 RAM series. (The power
supply pins would be permanently wired
to the power-supply lines, while the other
sixteen pins would be wired parallel to the
sixteen test socket pins.) Pin cormrespon-
dence between the test socket and the 18-
pin socket can be assigned in any conve-
nient order. =

The addition of a PROM or EPROM
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FIQ. 8-5SWITCH SETUP for lealing the 7495 3-blt shifl reglstes

programmer is practical because there are
already sixteen laiches on the board. If
you add another SN74L8735, you'll have
enough latches for the data and address
lines of a 4K PROM. A squarc- or rec-
1angular-wave gencrator may be added by
selecting a bit and placing it under soft-
ware control. Paramelers describing the
desired wave could be passed 10 software
whieh would then compute the loop varia-
bles required 1o create the wave on the
chosen bit line. Squarewave monitoring
couid be done by bringing the external
wive into a bit line and letving 1he software
sample the line. Those are just a few of the
many ways o expand the IC tester.

Oscilloscope adapter

The logic analyzer is a very useful tool.
But because it's also rather expensive,
most hobbyists do not have access 10 one.
However, we'll offer an alternalive to the
logic analyzer: an adapter for your os-
cilloscope that allows it to display 16 sig-

nals. Of course, its linearity and general
quality of presentation won't match that
of the logic analyzer. And it won't imitate
the varied and complex functions of a
logic analyzer. But it can be built from
inexpensive, common logic-components.
So for a very small expense, you can add a
valuable tool for testing digital 1C’s to
your testbench. Perhaps more importami.
the oscilloscope-adapter logic analyzer
can be an excellent tutorial aid.

The author’s display-adapter prototype
was developed as an expansion of the digi-
tal 1C wester that was presenied last month,
and it uses TTL IC's. However, the os-
cilloscope adapter can be buill as a stand-
alone unit, and the idcas can be applied to
other logic families as well as TTL.

A look at the circuit

The oscilloscope adapter’s circuit {its
schemalic is shown in Fig. 7) uses a coun-
ter/multiplexcr/converter scheme lo time-
share sixteen digital signals cnto a single

oscilloscope channel.

The display counter, ICI2 (a 74LS191
synchronous up/down counter), selects
one of the sixteen channels for display. As
il counts, each channel is selected in prop-
er sequence—channel 1 is displayed on
top. and channel 16 on the botiom.

A 74150 1-of-16 data selccror/multi-
plexer, [CL1 accepts the sixieen digital
inputs from the tester. It selects one of
them to pass to its outpul {pin 10). The
selected input depends on the contents of
the display counter.

The inverting buffer/drivers, 1CI3,
along with its associated resistors, forma
5-bit 32-state digital-te-analog (DrA)
converter. It combines the four display-
counter bits and the single, selected chan-
nel bit into one of 1hirty-two discrete volt-
age stieps—two vollage levels for each
displayed channel. The output signa! to
the oscilloscope swings through more
than four volts of the available 5-wolt
power-supply range.

TABLE 1
BIT VALUES
SIGNAL HEX ool
TYPE VALUE VAT E 2.9 B.5 4.1 \ ACTION

01 Stimulus pa20 0000 (5,53 s] o019 000 - Bring Trz and mooe high
CLEAR 02 Stimulus 0020 o0 2000 2010 0000 - Drop &G (load zeros)

03 Stimulus 0040 8000 0000 0100 0000 - Drop mooE, then test

04 Response apdo 1000 (6 6 %) (5.0 ) 0000 - All pins low except V..,

05 Stimulus 8020 1000 000 0010 00038 - Ciear then bang mope high

06 Strmulus o222 0000 2010 2010 010 - Bring CKZ. moDE, Og high

07 Stimuius 0362 2000 0000 0119 9218 - Drop xz, then tes!

08 Response coz2 1100 (5.%9 5} 0019 00180 - Ve, Op. MODE, Oy high
PARALLEL 09 Stimulus 0224 000 0018 2010 9100 - Bring €K7, mobe, 04 high
LOAD 10 Stimulus o064 0000 0000 2110 0130 - Drop Crz, then test
TEST 11  Response AQ24 1010 0000 0019 0180 - V.. 04 MODE. Dy igh

12  Stimulus 0228 0000 0010 P19 1900 - Bring &G MODE, D3 high

13 Stimulus 0068 0D 0000 0118 1000 - Drop €xz then fest

14 Response 9028 1001 COD0 oo 1000 - Vi, G2, MODE, D3 high

15 Stimulus 0230 2600 10 o011 @203 - Bring &¥2. MODE. D3 high

16  Stimulus 0070 pOO0 0000 28111 0000 - Drop TRz then test

17 Response 8830 415.5,9] 1000 0011 0000 - Vi O3, MODE, Dy high

18 Stmulus 8401 1080 2100 0000 8021 - Ciear, then bnng 8%T. b, high

19 Stimulus 2041 0000 000D 2199 201 - Drop ¥ then tast

20 Response Coa1 1100 (6.5 5} [0.5.4.5 2001 - Voo, Gp. D, Nigh

21  Stimulus 0400 0000 0180 0000 0000 - Bring Zxi high o, low
SHIFT 22 Stimulus 2040 0000 0200 0100 0023 - Drop T then test
TEST 23 Response ADOO 130 0000 DO00 OOB0 - V. 04 high

24 Stmulus 0401 5, 0] 00 000 @81 - Bong TRy o, high

25 Stimulus 0041 0000 0000 0100 0231 - Droo &% then test

26 Response Do 111 0000 2O G301 - V., Op. Oz, O, high

21  Stimulus 0400 0000 190 0000 0000 - ok, high and p, fow

28 Stmulus 0040 (416,55} OO0 0100 2000 - Drop Tt then lest

29 Response  ABRD 1010 1000 0000 0000 - Ves Q1, O high

30 Stimulus BO4G 1000 Q000 0100 0020 - END OF TEST
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FIG. 7—OSCILLOSCOPE ADAPTER SCHEMATIC. IC12 seiocts which of IC11'% Inpuils geis sant to tha
outpul buHer. The resistor notwork #t the output of the butfer establishes 32 discrete voltage steps—
two for each channel. IC14is # trigger qualitier; H's optional, but suggested. Jumper JU1 is used to take

the qualifier in and out of the circult.

A trigger must be supplied by the logic
system or device being observed. The
trigger is needed bolh to act as a elock for
the display counter and to initiaie a hori-
zonial oscilloscope sweep. The trigger
signal is applied to pin 11 of IC13; sixieen
of those Irigger pulses are required (o gen-
erate a complete [6-trace image on the
scope. In complex digital systems, 2 sin-
gle signal that can act as a suitable trigger
is not always available—you may need an
optional tngger qualifier so that you can
create an acceplable trigger. A qualifier
gate, such as what is shown for IC14, can
be used. We recommend that you add
such a qualifier gate along with a provi-
sion to enable it simply by the insertion of
a jumper.

Swilch 817 is an optional zero-refer
ence switch. It is used w place a low
logic-level on the least-significant input
leg of the converter. When the switch is
closed, the scope will display the 16 base
lines. By momentarily closing the switch,
you can quickly identify a sicady-stute
channel as steady high or steady low. The
switch is aiso useful in lincarity tests.

Construction
You probably have enough room left on

your original [C tester board to build'the
display adapter. Since the witing or com-
ponent layout is not critical, practically
any construction technique may be used
with good results.

There are many possible component
substitutions that can be made in the TTL
design. Forexample, the counter does not
have 10 be a T4LS191: [t can be another
kind of synchronous counter like the
74LS163 or the 74LS(93. Or it may be a
standard (as opposed to low-power Schot-
1ky) TTL counter like the 74191. If sub-
stitulions arc made, be sure to check the
pinout of the new 1C and document the
changes where necessary. The use of rip-
ple counters such as the 7493 is not rec-
ommended in this circuit—they tend to
introduce excessive channel-switching
transients. The 7406 may be substituted
by othcr open-collector hex inverters in-
cluding the 7416, and the 7405.

One final construction note; Assuming
thal you are building the circuit as an
expansion of the [C tester, each display
channel should be connected o its come-
sponding pin on the test socket. In other
words, channel | should display the signai
on pin | of test socket SO and soon. That
makes using the analyzer easier.
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Using the display adapter

For illustration purposes, let's sel up
the IC rester so that we can examine the
waveshapes associated with the 74LS138
onc-of-eight decoder. Table 2 lists the
proper stimulus pauerns. The trigger
should be jumpered from the stimulus
latch side of the Isolation switch for pin 8
to pin 11 of IC13 in Fig. 7, and the scope
should be set to rigger from the positive
edge of an external signal. Isolation
swilches 51-56 should be closed. and
switches S7-816 should be open.

Notice that the first two stimulus pat-
terns will send a ¢lock pulse to the display
counter and trigger the oscilloscope, re-
spectively. As shown in Fig. 8, the coun-
ter counts on the lcading edge of he
trigger pulse and the display begins on the
trailing edge. That eliminates the chan-
nel-switching lines and lets us see a ¢lean
display.

Program your host computer 1o gener-
ate the looping slimulus patterns in Table
2 and run the test on a 74LS138. Connect
the oscilloscope test leads to the adapter
and, with the test running, we are ready to
observe digital waveforms.

Set the vertical-sensitivity conirol-to |

TABLE 2
STIMULUS COMMENT
(HEX)
0020 Trigger low, eount counter
PEAD Trigger high, tigger scope
20a1
00A2
DOA3 Test patlems
D0AS i
ODAS
O0AB
PAT

Loop back 1o first stimulus

volt/division and set the limebase to the
fastest sweep. The exact sweep speed re-
quired for observation will depend on the
speed at which the host system emils
stimuli. Decrease the sweep speed and
carefully observe the counting stimuli on
channels one, lwo, and three, to deier
mine when the proper speed is found. (1t
will probably be necessary to decalibrate
the umebase to display the entire interval
between triggers.) If the disptay shows
fouror eight traces with connecting steps,
then the sweep is (oo slow but is close to
the correct speed. If the display resembles
multiple downward staircase waveforms,
then the sweep is far too slow. Once the
limebase is adjusted, the vertical sen-
sitivity can be adjusted {and decalibrated)
so that the sixteen channels cover the en-
tire face of the scope. giving maximum
channel separation. The display should
resemble that shown in Fig. 9.
{continued on page 111)
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AN INNOWATIVE 20 MHz OSCILLOSCOPE
THAT EMPHASIZES OPERABILITY

$535*

The S$5-5702 has flexibility and power which make it ideal for the maintenance and
troubleshooting of TVs, VTRs, audio equipment and a wide range of other electronic
systems by hobbyist as well as professionals. At the top of its class,
the $S-5702 uses a &-inch rectangular, parallax-free CRT.
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IWATSU makes more than 20 oscilloscopes as well as an impres-
sive lineup of other instruments including logic analyzers and
digital memory scopes. The fastest oscilloscope has amaximum
frequency of 350 MHz. And the same technological expertise
and product quality_that make this super high-frequency oscil-
loscope possible are incorporated in the §5-5702,

6-inch rectangular, parallax-free CRT
TV-V trigger

Variable sweep length

Double Lissajous figure

1 mV/div to 10 V/div sensitivity

100 ns/div to 0.2 s/div sweep
Differential input with ADD mode
DC operation {optional}

* User price, including probes

), IWATSU INSTRLIMENTS INC,

® 420 COMMERCE BOULEVARD, CARLSTADT, NJ 07072 FHONE: (201) 935-5220, TWX: 710-989-0255

= In Canada: ATELCO, 3400 Pharmacy Avenue, Unit 1, Scarborough. Onlario. M1W 3J8, Phone (418} 497-2208, TWX 610-492-0122
CIRCLE 51 ON FREE INFORMATION CARD
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HOBBY

ORNER

Why discuss computers?

WE RECEIVE MANY LETTERS FROA OUR
readers and every one is appreci-
ated. However, 1 find it particularly
interesting that one sentiment ap-
pears about every twentieth letter.
After the subject of concern has
been covered, there is an added
paragraph that states in one man-
ner or another, “forget about com-
puters.” in fact, no other topic has
been so enthusiastically rejected
by so many of you.

Il am at a loss to explain the phe-
nomenon. | can’t help but wonder
where we would be today if we
had said, “let’s stick to tubes and
forget transistors” or later, “stick to
transistors and forget integrated
circuits.”

| must confess that | find com-
puters extremely interesting. In
fact, | have seven various makes
and models, and each one has
proved its worth in appropriate ap-
plications. Not only do their in-
nards consist of fascinating elec-
tronics, but they are really terrific
tools for doing wide variety of
tasks. No one, however, intends
“Hobby Corner” to become ex-
clusively computer oriented.

What we are trying to say is that
the subjects covered here should
be balanced. The readers who ask
how to get started in computers
deserve the same consideration as
those who ask how to get started
in learning about transistors, or
1C's, or electronics in general. So,
even if you hate computers, read
on—you might pick up an idea.
Those of you who have asked how
to get started in computer elec-
tronics may find the following re-
ply helpful.

FIG. 1

Mike Stanridge (GA) needs help
in designing and building a com-
puter—specifically the video and
CPU sections. Well, Mike, that is a
tall order.

First, you need a good under-
standing of digital electronics
principles and technology. Read-
ing between the lines of your let-
ter, | gather that your background
in that area could stand a little
beefing up. | can suggest nothing
better than studying some of the
books that have been mentioned
in past issues of “Hobby Corner,”
and bullding and experimenting
with the IC circuits that have ap-
peared over the last several years.

| do know, however, that when a
fellow wants to work in computer
circuits, he doesn’t wan! to wait six
months or a year to do so. There-
fore, here 1s a second suggestion
for you (and the others reading
along).

Get yourself a cheap computer.
Perhaps a Radio Shack MC-10 or a
Commodore VIC-20. The Timex/
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Sinclair 7000 (shown in Fig. 1) has
to be the cheapest one around—if
you can find it. It uses the popular
Z80 microprocessor.

I noticed a new Timex/Sinclair
1000 in a store the other day that
was selling for less than $30. And
recently, a friend shelled out $10 at
a yard sale for a 1000 with a 16K
expansion memory and a stack of
program tapes. It had a small glitch
in one section of the keyboard,
but at that price, what the heck!

The Timex/Sinclair 7000 is not “a
production” machine, but it is a
computer of considerable power
and, as such, can do amazing
things. However, to do more than
a minimal amount of useful work
(word processing, for example},
you would have to spend plentyon
additional memory and other pe-
ripherals. Therefore, in that case
you would be better off getting a
larger machine.

| refer to computers such as
those above as “learning ma-
chines.” Electronics hobbyists can
get in there to study and dig with
no worry of blowing up an expen-
sive machine. With a small invesi-
ment, budding operators can
learn to program and use a com-
puter without losing their shirts if
they decide not to continue.

Mike, 1 suggest that you get a
learning machine, an appropriate
data book or data sheets on the
IC’s inside, a schematic or tech-
nical manual (if one is available}
and a logic probe. You will be sur-
prised at how much you can learn.
When you understand how the
Timex/Sinclair (or other) machine
works, you will be well on your
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way in preparation for designing
your own.

"Where can you find one of those
little computers? My guess is that
there are a great many of them
gathering dust on closet shelves
because their owners have gradu-
ated to larger machines. So ask
around, visit local computer
groups, advertise in the local pa-
per and you're sure to find one.
They’re out there—all you have to
do is some detective work.

Good luck to you, Mike, and 1o
others who want to get started in
the computer field.

April Fool!

No, it is not April and this is not
an April Fool's joke. Instead, it is
an early warning about next April.
| had intended to wait until March
to discuss this topic, but a letter
from one reader (who shall remain
nameless for obvious reasons) has
prompted this discussion now.

Apparently, our friend obtained
an old April issue of a magazine—
‘not Radio-Electronics—that fea-
tured some ridiculous device. The

WTCPR $77.50

accassories.

Safe for IC soldering. Closed loop. low-voitage circult
sutomaetically controls output. 700 F 1116™ screwdriver tip
provided. 600 F and 800 F tips available. Power unit has
non-heat sinking iron holder, storage lray for extra tips
and tip cleaning sponge with receptical. Send for Iree
W.S. Jenks & Son electronics tool catalog lor complete

2024 West ¥irging Ave, ME

gist of his letter was that he did not
see how such-and-such device
could possibly work, but he was
interested and did want to build it.
His request was for a detailed parts
list, schematic, and so on.

Each year many periodicals cele-
brate the first of April by printing
rather farcical articles. Even Radio-
Electronics tries to provide its read-
ers with a “laugh” in the April is-
sue. Some years ago there was one
that regularly went to great
lengths, even to the point of pre-
senting a seemingly realistic, de-
tailed construction article. Need-
less to say, several readers were
caught each year.

Of course, discoveries are made
daily. And there are now devices
that will do things believed impos-
sible a short time ago. However, if
you read about something that
seems incredible—such as a 100-
watt amplifier that's powered by
the juice of a lemon, ora dead 6L6
tube mounted on the hood of a car
to kill all radar in a five mile radi-
us—check the date on the maga-
zine. It just may be April! R-E
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Professional Books That Help You Get Ahead-And Stay Ahead!

nte Electronics and Control Engineers’
BOOk Clllb®and...

= Keep up with current technology

® Sharpen your professional skills

w Be ready for new career opportunities
@ Boost your earning power

THE McGRAW -HILL COMPUTER
HANDBOOK: Applications, Con-
cepts, Hardware, Software. fd-
ited by H. Hetms. 992 pp., 475 dius.
Everything you need 1o know about 10-
day’s computer sciefike and engineer-
ing 15 here W Eh15 ma¥ive lredsure trove
ofgmfutmatﬂ\. Conets everything from
Boolean algébra lo hardware selecion
techniques to arhibcial inleligence. A
handy réference work that brings you
right up lo the nunule!

I1%TH Pub Pr, STA50  Clob Py, 14993

INTUITIVE IC ELECTRONICS: A
SoPhisticated Primer For En-
gineers and Techniclans By
T. M. Frederiksen. 208 pp., fffus.
Covering both the simplest and the
most complicated IC designs. this
Ively, easy-to-re ad volume provides
a sophisticated. nonmathematical
explanation of the basic internal
mechanisms common to all semd-
conductor devices.

210030 P Pr, 32495 b Pr, 1095

ANTENNA ENGINEERING HANO:
BOOK, 2/¢. Edited by R. C, Johnson
and H. Jasik, with contributions by 57
recognized authonties. 1,408 pp., 946
Mius, This widely acclaimed Handbook
gives you the gukdance need 10 solve
problems in anienna design and apph-
cation, I\ provides detailed information
on physical fundamentais, patterns.
structures. and design lechnigues for
practical modern antennas.

32290 Pub Pr. 98500 Chob Pe, 36250

RADIO HANDBOOK. 22/9. 5y W. Orr.
1.136 pp.. more than 1,300 ihkn
Here's the latest edition of what 1S un-
versally regarded as the mast useful ret-
erence w the industry. I1's a “'course™
in communications. 8 tact-packed ref-
erence, and a how-to guide—all in a
single book!

Sqza42-5 Peb Pr, 53995 Chel Pr, $3395

MICROPROCESSOR APPLICATIONS
HANDBROOK. Editor-in Chief, DL F.
Stout. 472pp., 284 iftus. Atlast —a
reference guide tO Microprocessor
applications o help you make your
syslems limely. versatlle, and
cost-effective,

G17/908  Pwb Pr, 31985 Chb Pr, 33145

MICROPROCESSOR AND MICRO-
COMPUTER DATA DIGEST Sy W. H.
Buthsbaum anif G, Weissénberg. 336
2p-. 33 block diagrams. 106 pin con-
figurations. tl you work with electronic
devices thal use microprocessor oF mil-
crocompuler integrated circuils, ths
much-needed book contains all the de-
taled technical data for every micro-
pocessor IC that is currently Listed as
a "standard,”’ off-the-shelt item.

582835-9 Pub Pe, 52985 Ciub Pr. 32230

VLS| SYSTEM DESIGN: When and
How to Design Very-Large-Scale
tntegrated Circulty. By & Muroga.
496 pp., s, includes Seif-tes! prob-
fems, This book provides a straighi-foe-
ward eaplanation of how lo design the
integrated circuil chips that are cabising
this slectromcs revolution, It locuses
on every Significant aspeci of LSIVLS)
system design.

502823-5 Pel Pr. $34.95 Ciub Py, 526.50

New members!
Any one of these great

professional
books
foronly .

S 89

as a premium with your
1st selection!

HAMOBOOK OF PRACTICAL ELEC-
TRICAL DESIGN. 8y J. . McPartland
416 pp., 300 dus. Ths volume pio-
vides a step-by-step exptanation of de-
stgning electrical systems for ndus-
irial, commercial, and residential
applications. Packed with helpfui tips
for saving time and complying with code
rement$ from branch circuils to
WITING $i2€
A56/951 Pub Pr, 33950 Ciub Pr, $2750

CICITAL LOGIC DESIGM. By B. Hotds-
worth, 338 pp., 192 Mus Al of Lhe
recent advances in digital design tech-
niques are presented here in depih. It's
both a text covening basic Concepts and
a practical guide to design techniques
for combinaticnal, clock-driven, and
event-driven circuits.

501052-9 b, Pr. 33995 Chubt Pe, 52150

ELECTROMIC COMMUMICATIDNS
SYSTEMS. 5y W. D. Stanley. 566 pp..
hus. Emphasizing the signal-process-
ing tunctions of modutation and de-
moduiation operation, this book pre-
sents the a3sentials of electronic
commuecations in 8 logical, siep-by-
step sequence.

SA2034-8 Pub. Pr. 325485 Ciub Py, 32095

Spectacular values up to $95.00

MODDERN ELECTRONIC CIRCUITS
REFERENCE MANUAL. By j. Markus.
1,264 pp., 3.666 chcut diagrams.
Complete with values of components and
suggestions tor revisions—plus the
onginal source of €ach cuCunt i case
you want additlonsl performance o
construction details,

404451 Pub Pr. 57495 Clsb Pr, $87.95

ELECTRONICS ENGINEERS' HAND-
BOOK. 2/9. Eclited by D. G, Fink & D.
Christiansen. 2.272 pp., 2.189 fifus.
This updated and enlarged edition cov-
ers all the latest knowledge in the fiekd.
including new advances in integrated
cimuits. pulsed ang 10gIc Circuits, 1ases
technology. telecommunicatins, and
much more.

209:012 Pub Pr. $19.80 Club Pr. $57.50

DIGITAL CIRCUITS AND MICRO-
PROCESSORS. Sy H. Taub. 608 pp.,
heavily ilfus. This fast-paced, care-
fully written guide gives you thar-
ough explanaticns of alf the basic
nnciples of digital systems and
R:gic esign— plus a solid Introduc-
tion to microprocessors and micro-
processor-based designs.
29455 Peb Py, 32485 Clai Pr., 52650
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INTEGRATEO CIRCUITS APPLICA-
TIONS HANDBODK. 8y A H. Seid-
man. 673 pp., illus. Thns Handbook
s information on everything from

TL, ECL. MOS, and CMOS 1ogic fam-
ilies 10 semiconductor and bubbie
memories. The emphass is on appli-
cations. with 3 mummum of theory. The
math used 13 essentialy [rmited to sim-
ple arithrmetic and elementary algetra,
SE2B60-X Pub. Pr. 53995 Clut Py, 32995

INTRODDUCTION TO RADAR SY5-
TEMS, 2/¢. By M, 1. Skolnik. 698
pp., 244 ifus. This new editicn of a
wrdely used text on radar from the
systems engineer’s peint of view
brings you Tull discussions of the
many major changes that have oc-
curred In the field recently.

579091 Pub. Py, 34045  Ciub Pr, $3100

CIRCUITS AND SOFTWARE FOR
ELECTRONICS ENGINEERS. By H.
Bierman. 352 pp., 200 iMus., putsized
8% x 11 formai. This collection of over
340 proven—rehable circuils. com-
puter programs. test methods, and de-
Sign 100ls have been selected because
the ingemious ways they adapi de-
vICes 1 other uses,
852433 Peb. Pr. 33500 Club Py, 52795

HANDBOOK OF ELECTRIC POWER
CALCULATIONS. Edited by A Seid-
man, H. Mahrous and 1. G. Hicks. 448
PP.. 300 itus. Here are 285 tested and
proven procedures for handting the
electnc power problems most fre-
quently encountered w actual practice.
You'll Tind Ingenfous. lime savng wa?s
to caiculate tuel costs, motor effi-
clency, and power oUiput,

56011 Pub. Pr, 33950  Cheb Pr, 52995

STANDARD HANDBODDK FOR
ELECTRICAL ENGINEERS. 11/e, By
D.G. Fink and H. Bealy. 2, 448pp..
1.414 ivs. Today's most widely
used source of electrical engineer.
ing information and data serves
you as no other single work when
you need detailed, imely, and reh.
able facts .

/T4 Pub Py, $T4495  Club Pr, 35395
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ELECTRONICS ENGINEERING FOR
PROFESSIONAL ENGINEERS' EX-
AMINATIONS. By C_ R. Hafer. 336
pp.. more than 200 illus. Actually
two DookS in one —a Quick Prepara-
tion manual 1o help you pass your
PE. exams on the first try and 2
rich source of practical electronics
engineering information and
B - Oy,

2547303  Pwb. Pr, 52995 Ciub Pr, $2150

PRACTICAL DIGITAL DESIGN US-
ING ICS, 2/€. By ). D. Greenfieid. 717
L. i, This revised and expanded
ond Edition of & popular guide shows
how 1 Bet the mosl oul of & wide range
of popular integrated crcuils What's
more, it Contams the specialiZed Know-
how today s designér needs to interface
ICs with miCropfocessors.
582853-1 Pub. Pr, 52995 Ciub Pr, $19.95

OPTICAL FIRER SYSTEMS: Tech-
nologg, Design, and Applica-
tions By C. K. Kao. 197 pp., iius.
From a basic explanation of optical
liber systems to the economic
ramifications of their use, Lhis vol-
ume provides full coverage of a
rapldly changing field.

NYTI0  Pueb. Pr, 32950 Club Pr, 52195

McGRAW-HILL ENCYCLOPEDIA OF
ELECTRONICS AND COMPUTERS.
By S. P Patker. Ecittor-m-Cheef. 960 pp..
1,266 dius., outsized BY% x 11 format.
It's 3 single-volume library that covers
the entire wor1d of electronics from Edi-
son's prioneermg work i electsicity night
up 1o optical fiber Commurucalipns.,
control systems, lasers, radar. TV re-
cewvers, artihcimt intelligence, and
compuler slorage technaiogy.

454876 Pub Py, 35950 Clob Pr, 54150

Why YOU should join now!

# BESTASD NEWEST BOOKS IN YOUR FIELID — Books are sglected from a wide
ranige of publishers by expers edltors and consullanis lo give you conlinuing access
to the best and latest books in your field.
8 G SAVINGS —Build your library and save money fool 5avings ranging up 1o
30% or more off publishers’ list prices —usually 20% to 25%

DIGITAL CONTROL SYSTEM ANAL-
¥515 AND DESIGN. 8y C. L. Phillips
and H. T, Nagle, Jr.. both Avbum Uni-
versity. 596 pp., 316 dlus. 7 resdy-1o-
run compuler programs. It analyzes and
designs Closed-loop systems to which
digital computers have been added to
modify syslem dynamiCs. The book de-
velops a wide range of control-system
techniques applicable to hnear, time-
wwvanant, discrete-lime Systern models

502944-4 Pub Pr, 13995 Ot Pr. 13195

HANDBDDK DF MICRDCDOMPU-
TER-BASED INSTRUMENTATION
AND CONTROLS. 8y J D Lenx 307
pp ., 227 wus. Digital or mitrocompu-
ler-based instrumentation and control
systems can be very complicated —or
relatiwetly wmple—depending on the
apphcation. in s book Both systems
ang dewcnibed 3 ustraled —and many
exampies of actual systems now in use
In industry are Included throughout.

SH28E6-3 Pub Pr, 52295 Ciuh Pr, $1445

COMPUTER METHODS FOR ClIR-
CUIT ANALYSIS AND DESIGN. By |
Viach and K. Singhal. 656 pp., 148 il-
ts. Computational methods have be-
come an integral parl of Circuit analyus
and design And a solid understanding
of the basics of computer-aided desngn
15 a must ol engineers who want to
achieve thew career obyeclives This sell-
teaching book prowides that know-how
in 8 logica, easy-To-loliow presenta-
tion.

5828553 Pub, Pr, $4250 Chb Pr, §3395
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Be sure to
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important
titles as well!

LARGE SCaALE INTECRATION De-
WICOU, Circults, and Systems. By M.
1 Howses § B V. Morgan

WAL Pab P 3355 Db P, 52495
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K. Ganch
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ELECTRONIKCS CIRCUITS  NOTE-
BO0K. Edited by 8. Weber
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AMALY SIS AND DESICN OF DIGITAL
INTEGRATED CIRCUITS Oy D, A
Hodges and H. G. Jackson
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MANDUOOK OF OPERATIONAL
AMPLIFIER CIRCUIT DESIGN By D
F. Stout & M. Kaufman

BT P Pr. S350 D P i2AMR

EMGCINEIRING WATHEMATICS
HANDEROOK, 2/8 By J. J. Tuma.
BT P Pr MM Dl SR

PCM X DICITAL TRANSMISSION
SYSTEMS. By F F Owen

3] Mb P IHY D P AR

SICHALS AND SYSTEMS By A Op-
penhein, A, WIlsky, and |. Young,
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Counting with the 4089

ANYBOOY WHO HAS BEEN FOLLOWING
this column on a regular basis
knows that I'm a real freak when it
comes to paperwork, data sheets,
and generally anything that makes
life on the bench a little easier.
That’s because it's always a good
dea to collect as much informa-
tion as possible before you start
“getting your hands dirty.”
However, there are limits to how
much information you can absorb.
Sooner or lateryou'll find it impos-
sible to learn any more from pa-
perwork alone. That means that
you must actually work with a de-
vice in order to truly understand
its operation. So, in line with that
sage advice, let’s get our hands
dirty, and see what we must do
with rate multipliers to make them
perform some useful task.

Using rate multipliers

Once again, we’'ll be using the
4089 for our discussion because,
in the first place, it's a CMOS IC—|
believe in using CMOS whenever
possible. Second, | just happen to
have some of them lying around
the house—always an important
consideration when trying to cut
costs!

Thechart in last month's column
should’ve given you a good idea of
what the 4089 can do. Although
the numbers may seem confusing
at first, you'll find that actually
powering up one of those |C’s will
make its use a lot clearer. As with
most other special-purpose |1C’s,
the majority of the control pins are
held either high or low during nor-
mal operation. That greatly sim-
plifies understanding how the IC
works.

The majority of uses for the rate

‘%' SELECT
.
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i
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CLOGCK  RATE MULTIPLIER,

ROBERT GROSSBLATT

v
DETECT

e counTeER

COUNTER DISPLAY

FIG. 1

multiplier will revolve around
some sort of arithmetic—usually
multiplication or division. Other
kinds of operations are possible as
well (because more-complex
arithmetic, such as square roots or
exponential functions, can usually
be reduced to repetitive basic
arithmetic). But, let's start off by
seeing what we have to do to mul-
tiply two numbers together.

Multiplication circuit

Figure1is a block diagram of the
circuit we want to put together to
muitiply “X” times "Y.” Although
there are a number of boxes there,
things aren’t as complicated as
they may seem to be. The basic
operation of the circuit is simple
and the clock can be any type of
arrangement that you want to use,
as long as it's noise-free and the
waveforms look something like a
squarewave.

A basic 555 oscillator or some

other type of clocking arrange-.

ment works fine. You may be won-
dering about the frequency
needed from the clock. Weli, the
answer to that question will sur-
prise you: It doesn’t matter what
the frequency is! How's that for

WWWwW americanradiohistory comm

simplicity? But right now, let's
clean off our hands and see why
that apparently screwball state-
ment is true.

First consider how the rate mul-
tiplier works: It takes the input-
clock frequency, does some inter-
nal division and gives us two kinds
of outputs.

Now recall that the “base-rate”
is equal to one sixteenth the input
clock, and that the "multiplied-
rate” is the base rate multiplied by
whatever number is presented at
the binary inputs. If we were to
write that statement as a formula,
it would look something like what
appears below:

Base rate = Input Clock16
Multipled Rate = {X){Input Clock/6)

Where “X" is one of the numbers
we're multiplying.

That means tEat every time a
pulse appears at the base-rate out-
put, we'll get “X"” number of pulses
at the multiplied-rate output. To
multiply “X” and "Y" all we need to
do is count the base-rate pulses
and stop after “Y” number of (mul-
tiplied-rate) pulses. Getting the
right answer is really as simple as
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counting the 1otal number of
pulses at the multiplied-rate out-
put, or expressed as a formula:

Base Rate = inpul Clock / 16
Mulliphed Rate = [X}{Base Rate)

= {X) (Inpul Clock/16)
X = (Muttiplied Rale} / (Base Rate)

X - HX) !Inpul Clock / 16)
n

X=X

As you can see, when we're
doing multiplication with a rate
multiplier, both the input clock
and the internal base-number of
the IC are completely unimpor-
tant—they cancel out. Getting the
answer is only a matter of, as we
said before, keeping track of the
base-rate output pulses and
counting up the multiplied-rate
pulses.

The only part of Fig. 1 that could
be at all tricky is the counter and
other associated circuitry needed
to detect when “Y” number of
pulses have been generated at the
base-rate output. There are two
ways to do that. The method that
you choose depends mostly on
the type of counter you decide to
use.

Since we want to count some-
thing “Y” times, we can either use
an up counter starting at zero to
detect “Y,” or preload a down
counter with “Y” to detect a zero.
The choice again depends on the
IC you want to use. Because up
counters are a lot easier to come
by, that's the way we'll go. Just re-
member that it's only a matter of
personal choice.

One of the nicest things about
CMOS counters is that theres a
whole range of ripple counters
that provide a one-IC solution to
problems just like ours. They
come in really handy when you
want to count to some large
number.

The 4020, 4040, and 4060 are all
members of the ripple-counter
family, but of those only the 4040
has outputs covering a continucus
12-stage count. That means that
you can use it to detect any
number from 0 to 4096.

Figure 2 shows the pinout of the
4040, It's used just the way you'd
expect it to be; a clock is routed to
pin 10, the reset pin is held low,
and the 1C will advance one count

1 = 1.1(.
Clqlz A

2 5
[: R Qy :]
5 [+
E Qs o :
ry s
Ls_ Q7 4040 Qg |j
2 Qq

[ 1
ﬂ Q3 RESET

7 16
[ ]e: cLoex L
|f'_ GND Q :]

AG. 2

on the negative-going edge of
each incoming clock pulse.

Detecting “Y” involves a bit of
gating. How you set things up, nat-
urally, depends on the number
that you’re trying to detect. Forin-
stance, let’s say that we want to
multiply 14 by 67.

The only special thing about
picking the numbers to be multi-
plied is to make sure that one of
them is less than 16. That’s because
the 4089 has only four weighted
inputs and the highest number
that those inputs can represent is

1S (or 1111 in binary). However, the
4089 is easily cascaded for larger
numbers. We'll examine that in
more detail once we get through
our example.

Figure 3 is a schematic of the
circuit that we‘re designing; it
shows everything except the
counter and the display. We'll deal
with them later.

The weighted inputs of the 4089
are set to load in a binary 14 (1110}
we'll be using %4 of a 4073, 3-input
AND gate to decode the Q1, Qz, and
Q7 outputs of the 4040. Switch Stis
used to start the whole business
going.

When $1 is pressed, IC3 resets
and causes the output of the 1C4-a
to go low. That enables the rate
multiplier, 1C2, by bringing pin 11
low, causing it to start sending
base-rate pulses to the clock input
of 1C3. For each base-rate pulse, 14
pulses are output at pin 6, the
MULTIPLIED-RATE OUTPUT. You can
see that the way we’re doing our
multiplication is to make 1C2 count
to 14 over and over until it's done it
67 times.

When that happens, 67 is de-
coded and the output of [Cd-a
goes high. That resets iC3 to zero

'ﬁi {8 l4 ts 14
T A c =cTRE (s To
I 3 CLOCK e PRropuer
He Sg-ls - M.&. 0VT COUNTER
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and brings the iNHIBIT INPUT (pin 11)

$100,000.00 CABLE TV CONVERTER of IC2high, preventing it from put-

ting out any more pulses.

You could easily modify the cir-
cuit and use a gated oscillator so
that the 4073 (IC4-a) would also

stop the clock—there are many

ways to accomplish that.

¢ 60 Channel Capaclty e TV On-Off Feature Since IC3 is reset to zero each
* P.L.L. Tuning * Infra-Red Wireless ’ time the circuit is used, any
* 6 Channet Memory Rernote Control number that comes after 67 will
never appear at the output. If you

ONLY 95 use a number other than 67,

\\.ﬁ;“_ s Py {which you probably will), you'll

more than likely have to use a gate
with more input legs. Not to worry
though, because that can be taken
care of by the two remaining gates
in the 4073.

To add more inputs, just use a
second gate as an input device and

AN S

>
» 1096 Off On All Quantities Over 50
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1 Madison Street ¢ East Rutherford NJ Next month we'll add a display

{2D1) 777-6733 CARD to the circuit and see what kind of

Master Charge » C.0.0. * visa things must be done to cascade

two or more rate multipliers to-
gether and allow us to multiply by
virtually any number we want.
we'll also see how to configure the
circuit to do division. Believe it or
not, that task is much easier than

-I/-- T
1
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NOTEBOOK

nverting logic oscillators

ONE OF THE NICEST THINGS ABOUT
digital circuits is that you can make
in oscillator out of just about any-
‘hing. Just look around your de-
sign and find a few spare parts (un-
Jsed gates on the board), connect
them together and you've got an
ascillator. While working with ana-
iog components requires some
thought, digital stuff is just lying
there, begging for the chance 1o
squirt out squarewaves. But that
kind of convenience tends to
make you sloppy.

Because most gate-type os-
cillators are essentially trouble
free, you can easily get into the
habit of thinking that they all are—
but they're not! Everybody is fa-
miliar with (and has used} the os-
cillator arrangement shown in Fig.
1. (We've shown it with inverters,
but any type of simple inverting
logic will fiil the bill.}

S

E c1
W —

FG.

Oscillator circuits

The circuit in Fig. 1is simple to
put together, forgiving of part val-
ues, and relatively stable for a
given supply voltage. However,
there is one problem associated
with it—it won't always osctllate!

Like a good many of you, I've
relied on that circuit whenever |
needed a simple clock generator.
More convenient ones, with fewer
parts can be built with Schmitt trig-
gers; however, not every circuit

uses Schmitt triggers.

Imagine my surprise, after hav-
ing figured out the component val-
ues for an oscillator | was building
to get the clock frequency | want-
ed, and found that when | plugged
the parts into the board, nothing
happened. There | was, the victim
of my own sioppiness.

The reason that the oscillator in
Fig. 1 won't always work can be
understood by taking the part val-
ues to the extremes—decreasing
component values—and seeing
what happens to the circuit. That
kind of experimentation can come
in handy when it comes to sim-
plifying any circuit.

?

FIG. 2

1f we keep on reducing the value
of capacitor Cl1and let it go to Zero,
we're going to wind up with the
circuit shown in Fig. 2. There we
see that IC1-b is no longer a part of
the circuit, and it doesn't take
much analysis 1o see that the cir-
cuit won't oscillate. What that tells
us is that there are limits to the
allowable value of the capacitor.

What those limits are will de-
pend on several things; the supply
voltage, load, component values,
and a whole bunch of other stuff.
In other words, what had been a
really handy, no-thought type of
circuit has turned into one that re-
quires some consideration before
we can use it.

The problem here is that the
schematic in Fig. 1is not an inher-
ently astable circuit. That can been
seen by looking at Fig. 2 and com-
paring it to Fig. 1. Remember, the
capacitor forces the circuit to os-
cillate and if it's value is not large
enough (or there is none at all), the
circuit will just sit there and do
absolutely nothing.

FIG.3

What we need is a trouble-free
oscillator that is inherently asta-
ble. Figure 3 is the type of circuit
that we're looking for. As stated
before, you can do a lot better and
greatly simplify things by using
Schmitt triggers. For all those
other times, however, the circuit
shown in Fig. 3 is just what the
doctor ordered.

The circuit is sure-starting and
trouble-free—it will oscillate over
a much wider range than an os-
cillator made with just two inver-
ters {like the one in Fig. 1}. The
formula for determining the out-
put frequency is admittedly a bit
complex, but several assumptions
can greatly simplify things. Since
it'’s not the kind of circuit that you
would use if you need good sta-
bllity or heavy-duty precision, the
following approximations are
more than adequate:

continued on page 134
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Antenna systems

SOMEONE ONCE SAID SOMETHING TO
the effect that the more things
change, the more they remain the
same. That thought came to mind
recently while traveling through
the “outback” of our country—the
"Wild West.”

Back in the East, most VHF com-
munications antennas are om-
nidirectional, meaning they radi-
ate RF {Radio Frequency) energy
equally in all directions; a direc-
tional VHF antenna is rarely seen.
But out West it often becomes
quite necessary to beam a signal
up a canyon, down a mountain—
or, anything but omnidirectional.
That's because there’s no sense in
wasting RF energy by beaming it
where it's not needed. It is, there-
fore, not uncommon to run across
directional VHF antennas—usually
two verticals sticking up from an
arm that protrudes from a mast or
tower.

Seeing those vertical beamns re-
minded me that one of the stan-
dard questions on the FCC
Radiotelephone License exam
concerns two quarter-wavelength
vertical broadcast-band antennas
that are spaced one half-wave-
length (180 degrees} apart, and are
fed out-of-phase by 180 degrees.
"What is the radiation pattern,”
the exam asks. You are supposed
to know the answer: "Bi-direc-
tional, in-line with the two anten-
nas.”

For more than 35 years, the FCC
has asked essentially the same
question as it concerns anténnas
for the standard broadcast-band.
However, the same technique is
used for VHF communications an-

FIG. 1

tennas. The only difference is that
it's easier to feed the smaller, low-
power VHF antennas because
ordinary coaxial cable can be used
for the phasing networks. So that
you can better understand the
characteristics of phasing net-
works, let’s look at a couple of ex-
amples.

Antenna Phasing Networks
Figure 1-a shows how two ver-
tical antennas can be installed to
provide a unidirectional radiating
pattern or, more precisely, a car-
dioid pattern. A cardioid is a heart-
shaped closed curve formed by
the overlapping of two equal fixed
circles. That pattern is shown in
Fig. 1-b. A unidirectional antenna
would have greater forward ener-
gy and even less energy at the
sides; but with an inexpensive an-
tenna system, the cardioid pattern
is as unidirectional as we’re going

WWWwW americanradiohistorv comm
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to get. For a highly unidirectional
radiation pattern, we would use a
multi-element yagi or stacked
yagis—a subject for detailed fu-
ture discussion.

The two antennas in Fig. 1-a are
physically spaced a quarter-wave-
length apart, and the RF signal is
fed to them 90-degrees out of
phase with each other. To accom-
plish the phase difference, anten-
na A is fed directly from the
transmission line, and a quarter-
wavelength section of coax Is
placed between antennas A and B.
The coax cable between the two
antennas is an electrical quarter-
wavelength, so it delays the ener-
gy lo antenna B by 90 degrees. By
the time the signal reaches anten-
na B, the wavefront from A has al-
ready arrived; the energy from A
and B combine in the forward di-
rection. But, if you calculate the
energy toward the rear you will
find that it cancels, because the
wavefront from antenna B arrives
at A 180-degrees out of phase.
What a simple way to get a direc-
tional radiation pattern! All that is
needed is just a couple of pieces of
wire and some coaxial cable.

However, there is one major
problem with that arrangement:
The coaxial phasing section won't
reach from antenna A to B. And
because the coax effectively slows
down RF flow within the cable, a
half-wavelength of coax is less
than a half-wavelength in free
space. The reduced speed of the
RF flow is called the “velocity fac-
tor” which, for coaxial cable, is
nominally 66% of the calculated
wavelength in free space. For ex-
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ample, if a wavelength in free
space is 10 feet, an electrical wave-
length of coaxis 6.6 feet. Let’s con-
sider a second example: If a
quarter wavelength in free space is
three feet, aquarter-wavelength of
coax is just short of two feet.
Therefore, if the antennas are
spaced a quarter-wavelength apart
and fed a quarter-wavelength out
of phase, the coax from antenna A
to B is obviously not going to
reach—itwill reach only 66% of the
required distance.

The way we "stretch” the coax is
by changing the method by which
the two antennas are fed. One
such solution is shown in Fig. 2.
There, instead of the coaxfrom the
transmitter going directly to point
A as in Fig. 1, it is connected
through a quarter-wavelength sec-
tion of coax. From the junction of
the main transmission line and the
quarter-wavelength coax, a half-
wavelength section is connected
to point B.

At first glance it might appear as
if everything is out of joint, but
take a moment to study the phase
relationships more closely.
Though we have delayed the signal
to point A by 30 degrees, we have
delayed the signal to point B by 180
degrees. The phase difference be-
tween the two is still the desired 90
degrees—the only problem now is
that we have more coax than we
need going to point B. And since
the half-wavelength section is
about 30% oversize, we can coil
the excess and tape it to the mast
or tower if necessary.

You can play with the antenna
spacing and coax phasing-sections
to handle almost any problem that
comes up. For example, let's go

FIG. 3

back to that question of which the
FCCis so fond. Imagine that a VHF
station for a tow-truck service is to
be located in the center of a fong,
thin island. An omnidirectional
antenna is obviously going to radi-
ate RF energy over the water,
where it won’t do anyone any
good. What's needed is a bi-direc-
tional or a figure-8 radiation pat-
tern—the same one that is on the
FCC tests.

Figure 3 shows the desired pat-
tern and how it's attained. Here
the antennas (In Fig. 3-a) are
spaced a half-wavelength apart;
the signal is fed to them 180 de-
grees out of phase with each other
by using a half-wavelength coax
section to antenna A and a full-
wavelength coax section to anten-
na B. The difference between a
half-wavelength and a full-wave-
length is 180 degrees—the value
needed for the bi-directional pat-
tern, and exactly the answer
needed for the FCC's question.

Determining how transmission-
line phasing-sections work is not
only fun, but also gives a good un-
derstanding of how to use ordi-
nary coaxial cable to overcome
unusual antenna-installation
problems. Try warking the exam-
ples shown using unusual feedline
arrangements, such as bringing
the feed into point B instead of
point A, or experimenting to see
how much length must be added
to a coax cable to reach from one
antenna to the next to achieve the
desired phase difference. R-E
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Low-power amplifier IC’s CONTRIBUTING EDITOR
IF YOU'VE BEEN FRUSTRATED IN YOUR
efforts to complete an electronics TABLE 1—ULN-3705
gfrc;’:nc:atlnl: |m_?$g?la:5l:)h:n:;?t Characterisiic bymbol Test Conditions e w;in;;tj; e
fier, | urge you to consider build- :
ing oms.-g aIYOU nd either of two Su%mm Vee 101a5 OO, (K
power-amplifier 1C's recently in- GEsconnSipriy [tic B Vaore.5 v 60 -
troduced by the Sprague Elec- Che A ;
tronic Company. Voo =60 V 70 mA
Voo =9.0 V 10 mA
Yoltage Gan Ay 42 dB
Audic Power Pour [R. =Bl Voc=4.5V, THD = 10% 220 mw
Outpunt R, =80, Vo =8.0 V. THD - 10% 430 mw
R, = 1661, Ve =45 V. THD = 10% 125 mW
R, = 166L Ve =60 ¥ THD = 10% 240 mW
A, = 1641, Ver =90 V. THD = 10P% 600 mw
RL=32), Voo =45 V. THD = 10% 60 mw
Ry = 30) Voo =60 V, THD = 10% 110 mW
A, = 3211 Voo ~9.0 V. THD = 10% 310 mwW
Distortion THD | Poyy =50 mW.R, =320 — 04 10| %
First we'll look at the EQns BO/MIN,R =160} L0 T, R
ULN-3705M—its pinout is shown Qutput Noise Vour | tnput Shorted. BW = 80kHz = W T
in Fig. 1. That class-AB amplifier is Input Rosistance | Rw | Pin 8 — 250K — |
housed in an 8-pin mini-DIP and Power Suppty | PSRR | Cp (Pin 1)=500 pF, f=120Hz | — 34 — | dB
has a voltage gain of 42 dB. Iis op- Belection

eraling temperature can vary be-
tween —20 and +85°C.

The typical power-output of the
unit can range from 60 to 600 milli-
watts, depending on supply volt-
age and speaker impedance. For
example, operating from a 9-volt
supply and driving a 16-ohm load,
the unit’s output power is 600 milli-
walts. Audio power output levels
for three different speaker imped-
ances {8, 16, and 32 ohms) and sup-
ply voltages appear in Table 1.

The recommended supply volt-
age for the ULN-3705M can range
from 4.5 to 9 volts with a & to 10-
mA qulescent current-drain.
However, the amplifier operates
(at reduced volume} with supplies

as low as 1.8 volts without a nota-
ble increase in harmonic distor-
tion. Total harmonic distortion is
specified at from 0.4=1.0% and
0.5-1.0% for 32- and 16-0hm loads,
respectively.

The ULN-3705M is recom-
mended for use as a headphone
driver in battery-powered portable
radios and tape recorders. It is,
therefore, ideally suited for use in
audio signal-tracers and bench
amplifiers, and is intended as a
low-Cost alternative to designs
using discrete transistors.

Figure 2 shows a typical applica-
tion for the ULN3705. The circuit’s
performance is influenced by the

WWWwW americanradiohistorv comm

values of two external €lectrolytic
capacitors (C3 and C4). One is
used for output coupling and the
other for feedback and ripple de-
coupling.

The output-coupling capacitor,
C4, works with the speaker imped-
ance to control the low-frequency
cutoff. The —10-dB points are
about 20, 30, and 60 Hz when driv-
ing an 8-ohm speaker through
coupling capacitors of 500 uF, 250
uF, and 100 pF, respectively.

Capacitor C3 is used for feed-
back decoupling and power-sup-
ply ripple rejection. The 500-pF
capacitor specified provides 34 dB
of rejection at 120 Hz. The ampli-
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fier input {pin 8} must be provided
with a DC return path to ground
for a current of approximately 1
KA. That current produces a volt-
age (IR) drop that, when multi-
plied by the circuit’s closed-loop
DC gain, appears as an error in the
output offset-centering. The value
of resistance between the input
and ground is ldeally 100 kilohms
or less, although up to 200 kilohms
may be used.

The other amplifier, the
ULN-3784B, is housed in a 14-pin
DIP and is designed for such ap-
plications as automotive, com-
munications, and consumer elec-
tronics that require a high-quality
audio output. The device’s pinout
is shown in Fig. 3.

The ULN-3784B is a pin-compati-
bie improvement on several ear-
lier designs and is a direct

TABLE 2—ULN-37848B

Characteristlc Bymbo! I

Test Condilions f

Limils

i Min. Typ. MaX. Units
Supply Voltage | Vec | 90 24 28| V
Range
Quescent Supply | lee Viu=0V — 20 — | mA
Current
Quiescent Output | Voq | Vin=0 V. See Note 1 - 12 — vV
Vottage
voitage Gain Ay |Pour=0W AN 34 37| a8
Total Harmonic THD |PoyT=50 mW R =80} Voo =24V — 02 — | %
Distortion
PouT=DmW R =168{L Ve =2V — <02 — | %
PouT=dW, R =8 V=24V | — <03 50| %
Audio Output Pour |RL=B0, Vee=24 V. THD=5% |40 50 — | W
A R=16(), Vo =28 V. THD=5% | 40 48 — | W
Input Impedance | Zy | Each Input 1K1K — | 0
Power Supply PSRR |Pour=0W. /=120 Hz — 30 — | B
Rejeciion
Equiv. Input f=20 Hz to 20kHz — B0 — |pVaus
Noise Voltage
Bandwidin BW |Poyr=1W SeeNote2 — 100 — | kHz
{—3 dB}
NOTES: 1. The quiescent oulput voltage typically equals 1% the supply voltage.
2. Unity gain typically octurs between 10 MHz and 100 MHz.
InPUT
Al (] A2
IMEG 0002 gagp
& v sc:
3ha i
—
[ ol H Veg
‘ [ =
b IMEG 2 I3
Ré b VOLUME I(ﬁ X -
._!HEG s L
r BASS (33 Ton
| 4 ic1 L -
£ 86 . tLNI7848 1
T 120k l 10 | L
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__l_ 250uf
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FIG. 4

replacement for National Semi-
conductor's LM3ISON and LM384N,
and Sprague’s ULN-22808B and
UEN-2281B IC's. However, it
provides a wider margin of protec-
tion against supply-voltage tran-
sients. Table 2 shows the electrical
characteristics of the IC,

The ULN-3784B operates from a
single supplgthat €an range from 9
volts up to about 28 volts. The unit

WwWww americanradiohistorv comm

has a 34-dB internally fixed gain.
Operating from a 24-volt supply, its
typical oulput power is 4-watts
minimum when working into an 8-
ohm load. With a 28-volt supply, its
power output is 4.8 watts working
into 16 ohms.

The ULN-3784B' typical quies-
cent current is 20 mA, and it has a
bandwidth of 100 kHz and its

continued on page 112
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Portable computers

THERE 1S ALWAYS A LOT GOING ON IN
the hyperactive personal-comput-
er field. However, four major
trends seem to be dominating the
market at the present. Those in-
clude the low-end home-comput-
er price war and shake-out; the
movement toward IBM PC-com-
patible systems; the integrated-
software movement, and the por-
table-computer phenomena.
None of those movements is very
old—the oldest being two years at
most. But all are having a major
impact on the personal-computer
industry. One of the most interest-
ing of those movements is the por-
table-computer phenomena.
Most people’s first reaction to
portable computers was probably
like mine: Who in the world needs
a portable computer? While it may
be nice to have a compact machine
that is small enough and light
enough to carry anywhere, it’s
hard to visualize more than a few
people who might actually need
that feature. For that reason, many
people reacted with indifference
toward the first portable comput-
ers. However, as it turns out, por-
table computers have been enthu-
siastically received in the market-
place. In fact, they have been so
successful that the field is now
crowded with competitors.
Industry guru Adam Osbhorne
started the portable-computer
business when he introduced his
famous Osborne 1 early in 1981.
During that same year, Radio
Shack and some of the Japanese
manufacturers originally intro-
duced their pocket-size handheld
calculator-like personal comput-
ers, which contained BASIC in
ROM and had LCD (Liquid Crystal

AG.1

Display) readouts. The pocket-size
computers are the smallest and
most portable of them all. But they
do not have the popularity of the
larger poriables, simply because
they do not have all the regular
features of a personal computer.
Those features includes a full-size
keyboard, disk drives, CRT display,
and a CP/M-compatible operating
system.

What Adam Osborne did was to
take all the standard components
and condense them into a small
package about the size of a porta-
ble sewing-machine. By putting
ten pounds of hardware into a five
pound bag, so to speak, the result
was instant success. Hundreds of
thousands of those original
Osborne I's have been sold. And
since the introduction of portable
computers, dozens of other man-
ufacturers including Kaypro, Com-
paq, Columbia, Seequa, Dyna-
logic, and others have come along
to take advantage of this totally
new market niche. With such
fierce competition, prices have
dropped while features and func-
tionality have been increased.

Classifying portables

There are four basic categories
of portable computers available
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today. They are the handhelds, the
briefcase units, the intermediates,
and the transportables. The basic
method of categorizing portables
has to do with how much they
weigh, how large they are,
whether they are battery oper-
ated, type of display, and the mass-
storage method used.

The handhelds are really more
like large calculators in ap-
pearance than anything else.
Those units have alphanumeric
keyboards and usually feature a
one-line LCD readout. The BASIC
language is built-in, and they are
battery-operated so that you can
take them anywhere. Some of the
units typical of this category are
Radio Shack's PC-4 and the popu-
lar Hewlett-Packard HP-75C. You
Can write your own programs with
the built-in BASIC interpreter, and
store them on standard audio-cas-
settes by using a cassette player/
recorder and a cassette interface
{usually optional). Many hand-
helds also feature plug-in ROM
cartridges that allow you to per-
form special business, engineer-
ing, and statistical or scientific cal-
culations. The handhelds are also
the cheapest of the portables. You
can get one for less than $100, al-
though the more advanced units
sell for prices ranging up to $500,
depending on the accessories you
choose.

The briefcase computers are the
newest portables on the market.
And like the handhelds, they are
usually battery-operated so that
they can be taken along and used
anywhere. These units are larger
however, since they contain more
circuitry, and larger displays and
keyboards. The keyboard is usy-
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ally the same full-size you would
find on a typewriter. The LCD read-
outs are used because of their low
power consumption. However,
the display on a briefcase porta-
ble, unlike the handhelds, can
present multiple lines of data. For
example, Radio Shack’s Model 100
briefcase computer (see Fig. 1} can
display eight 40-character lines.
The Epson HX-20 briefcase com-
puter displays four 20-character
lines. Both of those machines have
a BASIC interpreter built-in. The
Epson HX-20also contains a micro-
cassette player/recorder built-in
so that programs may be written,
stored, and retrieved. And it also
features a tiny bullt-in printer: Its
output format is 24-character
lines.

In addition to a BASIC inter-
preter, the Radio Shack Model 100
also contains built-in applications
software. That software includes a
text editor for elementary word-
processing applications; a simple
data-storage program for main-
taining telephone numbers and
address files; an appointment cal-
endar, and a communications pro-
gram that allows the unit to be
used as a terminal. A built-in 300-
baud direct-connect modem al-
lows you to connect the Model 700
to the telephone lines and com-
municate with remote computers.

In addition to Radio Shack and
Epson, other manufacturers in-
clude Casio, Nippon Electric, Sun-
rise Systems, MicroOffice, and
Convergent Technologies. All of
the machines from those manufac-
turers weigh about 4 to 5 pounds,
are fully battery-operated, and will
fitinside a standard-size briefcase.

Next we come to the
intermediate portables that are
somewhat larger and heavier but,
of course, they contain more fea-
tures. The typical intermediate
weighs in the 8-to-16-pound range
and many of them are still small
enough to be put into a briefcase.

One of the most popular inter-
mediate portables is the new
Gavilan. That machine features an
8088 microprocessor and uses the
popular Microsoft MS-DOS oper-
ating system. It has an eight-line
80-column LCD readout and con-
tains 64K of RAM, and a single
built-in 3.5-inch micro-floppy with
a storage capacity of 360K bytes.

There are all sorts of accessories
for the unit, including a printer.
Again, the unit is battery-powered
for complete portability. This 9-
pound unit does almost every-
thing that you might expect from a
larger machine.

The final category is the
transportables. They were the first
portable computers to go on the
market, and are really nothing
more than tightly repackaged ver-
sions of standard desk-top person-

al computers. The units feature
CRT displays, full-size keyboards,
and built-in floppy-disk storage.
Some of the newer units, like the
Kaypro 10, even contain a hard-
disk drive.

The reason for the term “trans-
portable” is that the size and
weight of the typical unit is such
that it can barely be considered
portable. Most of these machines
weigh in the 20-to-30-pound range
and are not all that easy to lug

Because they are built to last...

Global breadboarding sockets
are guaranteed for a lifetime.

For more than a decade, Global Specialties’ solderless
breadboarding has set the standard for quality, durabulity
and dependable performance. NOw, we ofier a

ifetime guarantee i a Global breadboard-
ing socket taits 0 perform according to your
needs, you merely return it 1o Global Spe-
cialtes e will send you a replacement frea
ol charge No queshons ashked.

Thes uncondiional guaraniee ts offered
because our breadboarding sockets provide
outstanding performance, indefinitety. All of
our sockels are made in the United Stales in
our own factory, employng the latest equip-
ment. manutaciunng methods and quality
control procedures. Each sockel and bus
stnpis moided of high qualty plastic mate-
rial to provide supenor strength and dura-
bility. Precmsson-formed contacts and
tie-points made from nickel-silver assure
axcellent contact every thme.

Seven sockets and three bus stnps

are included in our QT Senes. Our new UBS-100
and UBS-500 models and our Expertmentor [ine
include socket and bus stnp contact arangements

in single modular breadboards.

The industry's largest selection, unmatched
quaiity and economy have eamed Global solder-
less breadboarding sockets the reputation tor being
number ofe with professionals, hobbyists and stu-
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gents, Now, ihe uncondtonal Ifetime guarantee is

your assurance that when you buy from Giobal you receive maximum durabilty and troubie
.Iree performance. Uniike some manufacturers who require that you purchase by mail, our
natiorwide network of distnibuiors permits you to see and inspect our products belfore

you tuy.

See your electronics distnbutor or for the name of your ocal distribulor, call our tol-free

Product Avaiiability Phone. 1-800-243-6077.
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RADIO-ELECTRONICS

2

ACCURATE
FREQUENCY
MEASUREMENT

10HZ 70 1.36H2

ODEL 8013-5
STANDARD FEATURES:

® VINYL CLAD ALUMINUM CASE

o J DIGITS « 4 GATE TIMES

« +1PPM 10 MHZ TCXO TIME BASE

* EXTERKAL CLOCK INPUT/QUTPUT

» DISPLAY HOLD - SENSITIVITY CONTROL

* ACCESSORY POWER JACK ON FRONT PANEL

« CEATIFED NBS TAACEABLE CALIBRATION

® FULL YEAR GUARANTEE—ALL PRODUCTS

= [NPUT POWER 1107220 VAC S0/60 HZ OR 1215 VDL
® MADE INU.§ A . —SINCE 1974

OPTIONS:

o pTCXO-80 20,1 PPM ENTAA PRECISION TCXO §75

* #OCX0-80 =0.05 PPM PAOPORTIONAL OVEN
TIME BASE $125

* #NI-CAD-86 INTERNALLY INSTALLEQ NI-CAD
BATTERY PACK $60

SPECIAL BONUS OFFER

BUY OUR LOW FREQUENCY MULTIPLIER

MODEL LEM: $110 FOR ONLY §75-HALF PRICE IF
ORADERED WITH MODEL B013-5 WHILE THIS AD 1§
CURRENT

THE LFM. 110 1S A DELUXE TONE FREQUENCY
MULTIPLIER SN A COMPACT VINYL/ALUMINUM CASE
FEATURING 10X, 100X & 1000X SIGNAL
MULTIPLICATION WITH SELECTABLE LOW PASS
FLTERING. AMPLIFIGATION AND PHASE LOCK
INDICATION. USEQ FOR RAPID. HIGH RESOLUTION
MEASUREMENT OF TONE FREQUENCY SIGNALS.

DELIVERY FROM STOCK
OROER TOLL FREE FACTORY DIRECT

800-327-5912
From Florgigws T7-2050
VISA—M .0.D.—RATED FIRMS BY PD.

CE

OPTOelectronics inc
5821 N.E. 14th Avenue

Ft. Lauderdale. Florida 33334
TELEX 514849
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around. Also, most of them are not
capable of operating from a bat-
tery supply—you have to use a
standard AC power-line.

The transporiables fall Into one
of two categories. First, there are
the 8-bit machines, usually featur-
ing a Z80 microprocessor and run-
ning the popular CP/M operating
system. The original Osborne and
the Kaypro models fall into this
category. The other popular group
of transportables are those that
use the 8088 or 8086 16-bit micro-
processors. Those latter machines
are typically compatible with the
popular IBM PC, and can run the
MS-DOS operating system. Some
of the machines typical of that cat-
egory are the popular Osborne
Executive, the Hyperion, the Com-
paq, Seequa Chameleon, and the
Columbia Data Products 7600-VP.

The portability issue

In looking at the whole porta-
ble-computer affair, 1t really seems
that portability is not the major
reason for the popularity of those
machines, While most transporta-
bles weigh less than 30 pounds,
and can be camed, they are not
exactly what you would call conve-
nient. And though the ability to
put a personal computer under an
airline seat is a nice idea, few users
really need it, There are some true
portables like the battery-oper-
ated calculator look-alikes and the
briefcase computers, but their
computing power is far less than
that of desk-tops or transporta-
bles, thereby making them less
useful.

The two things that have really
made the portagle computer pop-
ular are its small size and the soft-
ware it can handle. The small size
comes strictly by deliberately en-
gineering a complete machine that
is portable. Everything that you
need, including a keyboard, disk-
drives, display, and all of the other
goodies, is packaged in a single
container. That makes the unit un-
usually compact. The fact is, it is
considerably smaller than more
conventional desk-top comput-
ers. When you stop and consider
the more traditional personal
computers, you'll discover they
are not only large, but also usually
consist of several separate inter-
connected items. The resulting
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package takes up a lot of space on
the desk—in fact, many of them
occupy an entire desk. However,
the portable compresses all of the
same features down into an area
that occupies no more space than
atypewriter. About the only penal-
ty that you pay is in the display’s
size, Most portables have 5-, 7-, or
9-inch screens, where the average
desk-top computer uses a larger
and certainly more readable 12-
inch screen.

Overall, people like portables
because they have a small
"footprint.” You can pick them up
and move them from one desk to
another without the hassel of dis-
connecting the cables, moving the
individual pieces, and then having
to reassemble the system at the
new site. To move a portable com-
puter, all you do is snap the key-
board back on the front, unplug it,
and away you go.

Another feature introduced by
Adam Osborne with the original
Osborne | computer is bundled
software. By bundled we mean
that key software packages are in-
cluded with the computer when it
is purchased. Everybody knows
that a computer is worthless with-
out software, yet few computers
actually include the software. In-
stead, you are forced to buy the
operating system, languages, and
application programs separately.
However, most portables (the only
exception being Compaq) offer
several useful software packages
with the machine. They include
the operating system (either CP/iM
or MS-DOS), BASIC, and a selec-
tion of popular applications pro-
grams. Most portableé computers
include a word processor, a
spreadsheet, a data-base manage-
ment package, and sometimes, a
communications program. Those
are the packages that most people
want and need anyway: Besides, it
is always nice to have the software
(ready to run) at the time the com-
puter is purchased.

When you add up the total retai!
price, if you purchased the soft-
ware individually, you would find
that in most cases you are getling
well over a thousand dollars worth
of software with the purchase of
the machine. That’s an outstand-
ing bargain, and one that most
people have not overlooked. R-E
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SERVICE

CLINIC

Chip components

THE RAPID ADVANCEMENT OF ELEC-
tronic technology has provided us
with many interesting and useful
consumer products, such as por-
table VCR’s, personal computers,
and so on. It was mainly the de-
velopment of transistors and later,
the integrated circuit, that rock-
eted us into this new era of mini-
aturization and made possible the
development of those and other
products.

As a result of the miniaturazition
process, a new family of compo-
nents was born. That new family,
known as chip components (or
surface-mounted devices), are
small units encapsulated in IC-
type packages. Because of their
small size, chip components de-
mand that you be especially care-
ful when soldering—you need just
the right solder, soldering iron,
etc. we'll get to that in a moment.
For now, let’s see how to identify
the component values.

Identifying chip components

Because of their small size, some
practical means of identifying chip
components had to be developed.
But don't worry—it's not hard to
learn: The system used for both re-
sistors and capacitors is similar to
the method you're already using to
identify small capacitors.

Instead of using colored dots or
bands, chip resistors are identified
by numbers printed on the top of
the device, as shown in Fig. 1-a. For
example, a 1000-ohm resistor
would be marked “102.” The first
two numbers (10) are the first two
digits of the value. The third
number is the power-of-ten multi-
plier. (It tells you how many zeros
to add, as seen in Fig. 1-a.)

Ceramic capacitors are marked
with a similar system, except that
two rows of numbers are used, as
shown in Fig. 1-b. For instance, a
.047-pF capacitor would be
marked “47” in the top row and ”3-
u” in the bottom one. The top two
numbers represent the first and
second digit in the part value, The
number in the second row is the
power-of-ten multiplier. All values
are marked in picofarads. {To con-
vert that value to microfarads, the
decimal point is then moved six
places to the left.) That is prac-
tically the same as the system used
now for small mica and ceramic
types. The letter following the
number represents the class ortol-
erance of the capacitor.

Identifying chip transistors is

X X X
i L—HI..ILTII'I.IER

l— -Znd DIGIT(DTO 9)

—15st DIGIT{1 TG 9)

EXAMPLE:

i1 L0 2

’
CERAMIC CAPACITORS

151 DIGIT = 4 7

MULTIPLIER—] 3 u —— CLASS

1000 OHMS »

ind DIGIT

ALL VALUES IN PICOFARADS

VALUE = 47000 pF
VALUE = 047 uF

4
Fi1G. 1
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JACK DARR
TABLE 1
1s1 25 2nd LETTER
LETTER NUMBER hge RANK

(GAIN)

E 28A1022 AwC
F 25A1034 Rto U
H 2541035 RtoU
% 258703 OtoT
28B709A OwT

288710 FioS

D 2587104 PtoS
A 258766 PtoS
B 25B766A Pto S
C 258767 PtoS
v 2502295 AtoC
U 25C2404 Bto E
S 25C2405 RtoU
T 25C2406 HRtol
R 25C2480 Tto S
Y 250601 Ot T
Z 2806014 Ot T
W 280602 PtoS
X 28D602A Pio S
G 250813 PR
E 28D814 PtoT
250874 PioS
25D874A PioS

250875 PloS

quite different from identifying ca-
pacitors and resistors. Chip tran-
sistors have two letters printed
lengthwise across the top. The first
letter shows the 25" (EIA) number
and the second gives the tran-
sistor's gain rating. A transistor
with a gain rating of “C" will have
higher galn than one rated “A” or
“B,” and so on. While you can re-
place a translstor with one with
higher gain, the opposite is not
true. Table 1is a partial identifica-
tion chart for chip transistors.
Now lets see what precautions
must be taken when using them.

Soldering chip components
Some manufacturers of chip
components recommend a solder
continued on page 108

v861 HI8OQLD0
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HE AR WHAT YOUR RECORDS ARE SUP-
POSED TO SOUND LIKE! Accurale EQ and
jast op-amps deliver crystal clear sound. A
low noise (discreta) front end properly termi-
nales your cartndge. Polarity and 1LE.C. (-3
d8 @ 20 Hz) EQ are switchable. P-10-MM
Moving Magnet $150 (kit) $200 (assembled)
P-10-MC Moving Coil $150 (kit) $200 {as-
sem.) M/C and VISA ok. PHOENIX SYS-
TEMS INC., PO. Box 628, Manchester. Ci.
06040 {203) 643-4484,
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SCRAMMING

HommiQul s

SUBSCRIPTION TV MANUAL. This infor-
mation packed book details the methods
used by subscription TV companies to
scramble and descramble video Signals.
Covers the Sinewave. Gated Pulse, SSAVI
systermn. and the methods used by most cable
companies includes circuit schematics, the-
ory, and trouble shooting hints. Only $12.95
plus $2.00 first class P&H. ELEPHANT
ELECTRONICS INC., (formally Random
Access) Box 41770-R, Phoenix, AZ 85080.
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L BOARD TESTING COURSE—This
18 lesson course. inCluding besson books.
cassette tapes, and workbooks, will give you
the informafion you need fo enter the field of
test engineennyg and 1o iearn the lalest tech-
niques used N auviomalic test equipment.
Eam your certificate from the Test Engineer-
ing Inslitute. Check/M.OC.Mastercard/Visa
$450 plus shipping. 10 DAY NO RISK TRIAL.
Logical Solullons, Inc., 1799 S. Win.
chester, Suite 201, Campbell, CA 95008,

| {408) 374-3650.
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MINIZADS

Calilomia-DC Regulated Swliching Power
Supply +5vdc @ 5 amp + 12v dc G 2 amp
+12v d¢c @ 1.8 amp —12v dc @ 5 amp
15230 ac tnput. fused EMI filtered.
Removable DC Power Harness and Sche-
matics included. 7.4 x 6.27 x 1.77 hl. New
units, identical 10 the Kepco/TDK Supplies
as seen at $59.95.

$37.50 ea. freight prepaid In US.
1-800-327-7182 Power Plus.

{Call for Quaniity Price)
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SHEET METAL WORKER—The 24" TRIOK
15 & Press Brake, Shear and Shp-roll ma-
ching-perlect 1or msearch and deveiopment
or maintenance shops. Over a thousand ma-
chines world wide in little 1o the larges! com-
panies. For free literature on this and our
other sheet metal working machines conlact
PACIFIC ONE CORPORATION. 513 Superi-
or Ave. Sulte K-415 Newport Beach, CA
92663, {714} 645-5962.
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APPLIANCE REPAIR HANDBOOKS—13
volumes by service experis, easy-to-
urderstand diagrams. llustrattons. For major
appliances {ar conditioners, refrigerators,
washers. dryers, mictowaves. ele.), elec,
housewares. parsonal-care appliances.
Basics of soiid state, setting up shop, test
instrumenis. $2.65 10 55.90 each. Free
rochure. APPLIANCE SERVICE. PO Box
769, Lombard. IL 60148, 1{312) 932-9550.
CIRCLE 92 ON FREE INFORMATION CARD
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TIMEX/SINCLAIR 1000, 1500, 2068, ZX81,
SPECTRUM PRTR I'F—A Centronics paral-
lel prinler interface. Order PRTIF: 350.
EPROMMER—FPrograrms 2716. 2732, 27645
Order EPRMR: $75. Sofrware for TS2068.
Spectrum! ASMDSM—A tull featured as-
semblar/disassembiar. Order ASMDSM;
$40. TEXTEDIT—A very complete editor, In-
¢luding 64-column mode. Order EDIT; $40,
When ordering, specify type of computer.
Money orders or C.0.0. only. Send 1o
RESEARCH SERVICE LABORATORIES
P.O. Box 19124, OKC, OK 73144.
CIRCLE 10 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

6 x ra1e $605 per each insertion.
Reaches 215.460 readers

Fast reader service cycle

Short lead time for the piacement of
ads.

We typeset and layout the ad al no
additional charge.

Call 212-777-6400 10 reserve space. Ask
tor Arding@ Fishman. Limhed number of
pages availabie. Mail materials to: mini-
ADS, RADIO-ELECTRONICS, 200 Park
Ave. South. New York, NY 10003.

ONE MAN CRT FACTORY, easy operabion
Pracess new or rebuild oid CRT s for tv's.
bus. machines, monitors. scopes. etc.
Color, bdw, 20mm. foreign or domestic.
3x6 ft. space required. Profits??? Average
CRT rebuitding cost — $5, Sell for S100 =
595 profit; x 5 CRT'S = $475 daily; = &
days = $2375 weekly profit. Higher profits
outside U.S A, Investigate this opportunity
today. We service the entire workd. Write
or catl: CRY Factory, 1909 Loulse St.,
Crystal Lake, Il. 60014, {815) 459-0666.
CIRCLE B9 ON FREE INFORMATION CARD
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TELTONE'S TRK-957 KIT makes bread-
boarding a low-power, central office quaity
DTMF detection system easy and Inaxpen-
shve. The included M-857 receiver decodes
12 or 18 digits and operates from 5 10 12¥ de.
its sensitivity, wide dynamic range, noise iy
munity, and low power consumption are ideal
lor \eiephone switching, computer and re-
mota contr! applications. Only $24.75. To
order, call: TELTONE, 1-800-227-3800,
otx. 1130.
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ZEMITH 2-TAC CABLE T.V. DESCRAMB-
LER. Brand new tag-along. Posilive and
negative video $225.00 plus 5% shipping and
handling. Visa, MasterCard, C.O.D. accept-
od. For Complete information and our Cata-
log send $5.00 to R&M DISTRIBUTORS,
P.0. Box 266-R15, Boston, Ma. 02190, (617)
B71-5838.
CIRCLE 24 ON FREE !NFORMATION CARD

FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 2000 quali-
ty nems. Your single source for precision
tools used by electronic technicians. engline-
ers, instrument mechanics, schools, labora-
tones and government agencies. Also Con-
tains Jensen’s line of more than 40 tool kits
Send lor your-free copy loday! JENSEN
TOOLS INC., 7815 45th St., Phoenlx, AZ
B5040. (802) 968-6231.
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Electronies (11l

o

ADS
-' :

|

Bning in those hard tc get channeis with these
low priced amateur microwave T.V. ecervers,
HMR Mini—$64.95; HMR Daisy Dish—
$69.95; Specira Dish—5$89.95; MDS 52
ROD—589.95. All systems complete and
fully guaranieed. Free Shipping. Cable con-
verters call or write for quantity pricing. Add
$4.00 for COD orders. Call today. H.M.R.
Salea, 221 Esat Camalback, Sulte 1,
Phoenix, Arizona 85012, Phone 602-993-
0338
CIRCLE 49 ON FREE INFORMATION CARD

IntelliBurner EPROM-EEPROM & MICRO-
CONTROLLER PROGRAMMER 5299
Communicates through the serial port of any
personal compuier Use your PCs modem
software 1o read, verity, or program all popular
EPROMs, EEPROMS and B7xx sefies micro
controllers. Custom sottware included for
IBM, CPM or Radic Shack PCs Other pro-
grammers from $149. Bare PC boards whh
software from $39. ROSS CUSTOM ELEC-
TRONICS, 1307 Darlene Way #A12, Boul-
der Clty, NV 89005, 702-293-7426.
CIRCLE 23 ON FREE INFOAMATION CARD

SATELLITE TELEVISION RECEIVER
SEMIKIT with dual conversion downton-
verter. Features infrared remote control fun-
ing, AFC, SAW filter. RF or video output,
sterec output, Polorator controls, LED chan-
nel & Wwning indicators. Install six factory as-
sembled circuit boards to complete. Semiklit
$400.00. Completed downconverter add
$100. Completed receiver and downcon-
verter add $150. JAMES WALTER SATEL-
LITE RECEIVER. 2697 Nickel, San Pablo,
CA 94806. Tel 415-724-0587.
CIRCLE 44 ON FREE INFOAM ATION CARD

THE MOST EXCITING KIT YOU WILL EVER
BUILD The model WAT-50 imdniatur FM frans-
mitter uses a 4-stage circut NOT 1o be con-
fused with a Simpie wireiess microphone Lp
10 1 mile range. S0 sensinve, il will pick-up a
whisper 50 teet away! Use with any FM radio.
Complete kit only $29.95 1ax nct. FREE
SHIPPING. DECO INDUSTRIES, BOX 607,
BEDFORD HILLS. NY 10507.
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FREE 1984 ELECTRONIC TOOL & IN-
STRUMENT CATALOG is packed with over
5,000 quality technical products for assem-
bling. festing and repainng electronic equip-
ment. All products fully illustrated with
photographs, detaied descnptions and pne-
ing to aliow tor easy ordering by phone or
mall. Most orders are shipped within 24
hours. 100% satsfaction guaraniee. CON-
| TACT EAST, 7 Cypress Drive, Burlinglon,
| MA 01803, (617)272-5051.
CIRCLE 50 ON FREE INFORMATION CARD

| DESOLDERING TOOL. Compact. easy 10
use and clean_ A Sokdering ron with a budt in
vacuum pump Operaies with one hand, ¢im-
inating the need for two separate tools. 2-
WIRE DESOLDERING TOOL only $18.85, 3-
WIRE SOLDERING TOOL only $21.95. Re-
placement fips 1.2mm or 1.5mm at $1.50. To
order call 800-492-2373 or in Ma 301-428-
0995. COMPUTER YENTURES, P.O. Box
| 271, Germantown, MD 20874

|  CIRCLE 91 ON FREE INFORMATION CARD
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containing 63% tin to 37% lead,
with a pure rosin-flux core. Others
recommend a solder with 2-3% sil-
ver added to reduce “silver migra-
tion” in components having fired-
on silver-platinum conductors
(like some small ceramic capaci-
tors, for example).

Silver migration during solder-
ing results in weak joints and poor
adhesion. The addition of silver to
the solder raises its cost a bit, and
also raises the melting tem-
perature. (No, silver solder isn’t

something new, it has been
around for some time now.}

As far as soldering irons are con-
cerned, there are many that are
compatible with high-tech solder-
ing, and are availablein a variety of
styles and prices.

The power rating for the irons
should range from 10 to 50 watts.
Remember that as components
decrease in size, they also increase
in heat sensitivity. Therefore it is
recommended that you do not use
an over-rated iron. Note: Because

The
Professionals’
Choice

PTS

“PTS rebuilt modules
are better than brand
new. ..

| use PTS modubes and tuners because of thetr
autormatic updates. Compared 10 original
manubcturers’ new and rebuilt pans, PTS is
better. Quality and tumaround makes the
diffcerence. PTS does a better job of rebuilding
‘cause that’s all they do™

Try PTS rebuill modules and tuners for:

+ Fast 8 hour rebuilding service
+ Full year imited warranny

of the electrostatic sensitivity of
chip components, isolated or
grounded-tip soldering irons
should be used. Needless to say,
surface-mounted parts will have to
be replaced by exact duplicates
because nothing else will fit in
their places.

When It comes to desoldering,
any one of three desoldering
methods may be used; wicking,
heat plus a suction device, or a
desoldering iron (which are made
by several of the major manufac-
turers). Each one will give good re-
sults if properly used—so, it’s just
a matter of personal preference. |
happen to like the desoldering
iron.

when desoldering always use
the smallest size iron you can; a
30-watt iron will do a good job on
the average small part. Just be sure
that the solder is completely
melted when either soldering or
desoldering. That is especially
necessary when replacing parts.
Make sure that the joint is bright
and shiny, not “frosty or fuzzy-
looking.” If you do see something
like that, you know that you have a
cold solder joint.

One of the longest jobs we had
turned out to be a bad solder joint
at the bottom of the base winding
of a driver transformer for a hori-
zontal output stage. (| did tell you

that it was an intermittent, didn't
1) As if that wasn't enough, we
had three of the same model set
with the same problem! Fix one
and you've fixed all three.

1 wrote to the service manager of
the firm that manufactured the set
about it and he wrote back saying:
“Yes, we've run into that problem,
but only in about 20% of the sets!”
That one nearly went by me, until |
| finally realized that 20% of the sets
| meant one in every five sets had a
problem!

After that, when ever one of
those sets came in, we went right
to that joint and resoldered it. In
fact, we caught some that didn’t
even have that problem, but defi-

+ One stop shopping for all makes/
all models
+ Avallability at over 1500 authorized
stacking distnbutoes
- Quality rebuilts that

@ nitely did have a bad solder joint.
= In any repair, it's also a good idea
2 to clean the board after any re-
5 L, soldering. That gets off any re-
% PYS CORPORATION maining flux; that stuff is sticky
> E‘.& Boxiars N and can catch dust, which will al-
3 el most certaintly result in trouble in
& the future. R-E
108 CIRCLE 52 ON FREE INFORMATION CARD
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NEW KIND OF MAGAZINE FOR ELECTRONICS PROFESSIONALS

OP'AM o DESIG N... You can use YOUR COMPUTER TO SAVE

yourselF a lor of Time and work in designing Operational Amplifiers.

COMMODORE CASSETTE INTERFACE...

How 10 build a simple circuit Thart lets you use ANY small audio Tape
RecORdEer wiTh your Commodore computer.
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Electronics Paperback Books
Quality Paperbacks at Affordable Prices
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7 Why Your Printer Doesn't Print
In the first of 3 tw-part series, we leam all about parallet printers
and what makes them tick. Herb Friedman

11 Computerized Cp-Amp Calculator
Here's how you can take all the dog work out of designing
operational amplifiers: Use VisiCale and let your computer do it for

you. Kirk Yistain
15 Commodore Cassette Interface A 1 GROUND
Built this simple unit and your Commodore computer will work with B 245 VOLTS
almost any standard audio cassette recorcler Walter G. Piotrowski c 3 CASSETTE MOTOR
& Editorial D 4 CASSETTE READ
E 5 CASSETTE WRITE
5 Letters F 6 CASSETTE SWITCH

5 New Products
page 15

ON THE COVER QMPU?ERD?G‘EE?

O A ey P00 I VMM, ppeces k]

Locking up at you from the middtie of our cover, is an RS232 OPAMP DESIGN. .1 ow co0 1os poum t6mpaoms 9 1
connector And clockwise, Starting at the other end of the cable, i SR T TR e e
the NEC printer, followed by the Epson and at the lower right, ‘&":’:'.‘:‘.?PS.“.‘.E‘:‘&I;’:  INTERFACE...
Hewlett Packard’s entry. See page 7. e o e Commdam {omprrin
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EDITORIAL

The future is here today!

This Century has been 8 highly innovative one. If you stop to think that at the
beginning of the 20th Century, man was still bound to Earth and hadn't
learned to fly, that medical science was almost barbaric as compared to
today, and that electronics was but a fantastic-fiction drearn, you pause and
wOrcler at our accomplishments

If you look at our progress in this past 100 years and try to fook ahead to
the next 100, it's sufficient to boggle the mind. The very computer on which
this ednoriat is now being written could not have existed those scant few
years ago.

Lets try a small exercise—an experiment, if you will. We're going to
“brainstorm” or “blue-sky” the coming of the future.

Our readers are, for the most part, intelligent, scientific types. Lets
concentrate on the future of Computer technology. Where will we be in
another century, as far as computers are concemed? What will computers
be doing, how will they be daing it, and what will we be doing wath
them? And piease, nothing off-the-wall.

Give us those things with sound, scientific basis, following normal
deveiopmental processes. Send your ideas to ComputerDigest, 200 Park
Avenue South, New York, NY 10003, Got any artistic skills? Send along
sketches too.

This will make an interesting project for our readers; and, of course, when
2l the results are tabulated, we'll put an article together that should make
some fantastic reading. All entries will become the property of Gemsback
Publications, Inc., and no submissions can be retumed.

So put your thinking caps on, and get to work. We'il be anxious to see
what you come up with!

Byron G. Wels
Editor

ComputerDigea I8 pubirshed monthly 6 Bn insert i Rado-Elecironics magazine by Gemasback Pubkcations, g,
200 Fark Avenue South, New York, NY 10003 Second-Class Posiage Paid st Hew York, H.Y, end aoditonal maiing
offices AN rghts resenved Printed in US.A

A samped seif-addressed enveloD8 muyt ACCOMPaTy Bl submited ManUICIPis Bnd'or SIwork oF pholngrapnhs if
ther return i desirsd should they be repecied W disclaim any responsibdny 10r the kst OF damage of manuscrnipts
and:or aitwotk oF pholographs whike i QU DOSS8sSoN OF Otherwise
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ComMPUTER
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818-986-2001
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LETTERS

wants portables

I'd like to see an applications-
oriented article on portable
computers. I'm sure that a lot of
other readers would be just as
interested —Sam Bennett, Fresno,
CA.

Sounds like a great ides Sam.
We'll ger one of our experts busy
on that one nght away!

No games?

How come you don't report on
new computer games the way
some computer magazines do?
Fred Morrison, Madison, W1

Fred, take 8 ook at our front
cover It says A New Kind of
Magazine For Efectronics
Professionals.” We want all the
readers we can get, but no
magazine can be all things to aif
peopie.

Settle an argqument

A friend says that a good
computer "hacker” can break into
alrmost any computer system,
regardiess of the security | am
wondering if that statement is
really true? —Gene Lyons, Atlanta,
GA

Gene, while nothing is ever
100%, the odds are against it,
despite what the movies show!
Cracking the most basic system
would take more patience than
most peopie have, ard 3 system,
where codes are penodically
changed, would be aif but
foolproot

More kudos!

| would like to see
ComputerDigest continue to
present concise summaries of
current events in the computer
field, and am relieved to have

discovered a computer magazine
which is not just a sales pitch! —P
. Broadhurst, Channe) Islands.

Thank you 100, Mr Broadhurst.
More and more, our readers are
beginning to leam what we e aif
about! Its very gratifying indeed.

More hardware

I'm so tired of software-onty
articles that | could write some
myself, just from the ones | read!
Yours is the last magazine that
contains useable information on
projects and hargware And
printing My comments 15 not
expected. —inving E. Shivar, Jr,
Camden, 5C.

Surprise, Mr Shivar! Thanks for
understanding (and apprec.ating)
whal we're trying (0 00. Keeping 8
wide vanety of reaclers happy is
our 03 P

COMPUTER PRODUCTS

For more details use the free
information card inside the back cover

PORT EXPANDERS/SWITCHERS, [ale
Director models Q23, Q94 Q95 N3,
Q14, and mode| Q15 are a series of
"port raffic cops"—part expanders
with A/BIC switch routing—that can
switch one port to any of three
devices, Or one device to any of three
ports.

CIRCLE 117 ON FREE INFORMATION CARD

model Q23 model G24, and model
Q25 are In stand-alone cabinets, while
model Q13 mode! Q14, and model
Q15 are desianed to fit insice

Computer Accessories model P12
Power Director (line-conditioning
POWrCONTol accessory) cabinet

The three models in each senes
meet specific connector needs for 2
given port or system. For standard
RS-239 serial ports, Data Director offers
modiet DEZS fermale {models Q137
Q23) or male {models Q14/Q24)
connectors. For standard parailel
(printer) ports, Data Director {models
Q15:Q05) offers 36-pin Centronics-
style Connectors.

models Q23, Q24, and Q25 are
priced at $199.00 each, models Q13
Q14, and Q15 are priced at $189.00
each.—CA Computer Accessorles,
7696 formulz Place, San Diego, CA
9.

POWER OQUTLET EXPANDER'FILTER
the Power Director model P22 model
P2 and model P12 are designed o
filter racio-frequency noise, spikes,
glitches, and surges that impen| sen-

CIRCLE 112 ON FREE INFORMATION CARD

sitve glecronics equipment

These are desktop-oesign devices
and indmctual and collective (master)
outlet control are part of the design.
Each outlet 15 monitored wath @ power
pilct hiaht {amber for the indvidual
outlets, red for the master} 8 circuit
breaker agdds overload protection.
While the pilot lights are located on
the front panel, the actual cutiets ae
out of sight on the back panel.

The stand-alone mode! P22 (sized
10 stack with such iterns as disk drives

CCTOBER 198: — ComputerDigest 5
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and modems) offers four outlets and is
avallable for $9¢.00. The monitor-base
model PE{sized to fit under a CRT or
wideo monitor} offers five outiets and
5 available for $129.00. The model P12
{sized to fit atop the IBM PC system
unit, for example} offers six outiets,
plus 2 didital ckock and stowaway
storage areas for diskettes, quick-refer-
ence cards, or small manuals, 15 priced
at $199.00.—Computer Accessories
Corporation, 7696 Formuta Place, San
Diego, CA 92121

YIDED TAPE/DISC CONTROLLER,
model ViPe, 15 a plug-in board that lets
an [BMm PC {or similar computer) con-
trol Industnal-type videotape

CIRCLE 113 ON FREE INFORMATION CARD

Check

These FA NTAST'C BUYS

IIEX 4100 FlBS!HllE {FAX) MACHINES

Ideal lor Experimantal Page Scannar
of Low Cost Coprer
l ] Found I oftces prerywhare thesa unty Can s l

recorders with frame-accurate preci-
ston. 1t can also control videodisc
players. The intemal MIiCroprocessor,
and up 1o 32K of RAM/ROM, transiates
SIMaIe user COMMANGS INto complex
videctape-recorcer andi/or wideodhsc
player operabons. The model ViIPcs
motherooard plugs into the computer
and may host one OF two “video
maodules” to control tape, disc, o one
of each

The modkel VIPC with tape of disc
viclec modute is priced at $1195.00;
with tape and disc wdec modules, it
costs $1695.00 —BCD Assoclates,
Inc., 5809 S\ 5th Street, Oklahoma
City OK 73128

UNINTERRUPTABLE POWER SUPPLY,
modet 1350, provides 10 minutes of
backup eiectnc power for computers
dunng a powver failure It weighs 32
pounds and fits in a compact, %
cubic-foot space.

The modei 1350 provides 120 voits
at 350 volt-amps—sufficient power for
a computer, disk-drve, printer, and
moniter The unit has a transfer ome of
12 milliseconds, typical, and & singile-
phase 60-HZ supply {£0.5%). It also
contains 4 patented clipper circult 1

Join our OVEr

50,000 )

Salisfied Cusiomers

nnmmmemmrnmﬂ

phong ngy  Transmits gocuments Sl oholps Fea- s ﬂ[ll
/ ey mac eed of ongingls. bull-;m ol eed. page 189

' o cufier i auDmanc Mong & "phato” moode 161 the
OPERATIONALY  grey scae & haiftones

| . . OI'I'J’"
PARALLEL, TTL INPUT L/D “SELECTRIC" . Y s

l TYPEWRITER PRINTER These mactwies have buslt-at 299
drwer and oecoder CrGutry and take TTL leve! A-tit

B characes ons 2 40 tuncron mout skrats Eadlly dirven Oy most ay Bisemnnﬁ'ﬁul
micro. Lee as & lypewrter (wilh 2041 “repeat” carcutry) of a5 2 KSH 1O

B ornter o soin “Tadie Too" stve case |

U SHUBART SA-400 “MINGFLOPPY" DRIVES only!! '

l Model SATH00, used, whole, umested fess power supply 4% S [} I
& case Data and schematics mciuded Removed from gg._

| EQunpment |

L UNUSED g

'f- SS00, DUAL MINIDISKETTE DRIVE s 0"". i

supply & 2 TEAC ..{w/SA-400 merface) Mini-
l EOUWDMnDEC:ﬂ Mate tor Dgita) Equep- g..
l men! Comp gk Pwr Supply, Case. I
N J . 17l

g GE “TERMINET 1200° SEATURING: v i
110, 300, & 1200 Baud {11, 30 & 120 cps|. full KSR b0

' § RS-232-C 10, compact, tatwe-top CoNTIQUEATION, upfie—
& lower cise conbinuous band. made in USA by General

J fucinc tested and opesational |

Prces 0 ROt Nchude Pacagng AN shaay

Wene or Com Inr Owr 00Ut | iyes NI

amputer

mbl.._ o

WAREHOUSE 18 Gedrile 51 Haverhull M
MAIL ORDERS Bor 204 Nywion New HWPH‘HP 43858

Piiheias =2, 617/372-8637

nlimited

MasierCard & VISA Acceplea

CIACLE 68 ON FREE INFOAMATION CARD

CIRCLE 118 ON FREE INFORMATION CARD

provide on-line surge protection from
both nomatl and common-mode tran-
sients. RFl suppression is handled by
Sprague filters.

The model 1350 has a susgested
retail once of 3750.00 and comes
complete with @ maintenance-free
battery—Dymarc Industries, 1 Gov-
emors Ct, Baltimore, MD 21207

HIGH-DENSITY DISKETTE, model
9HD, features a new Coaing tech-
nology that allcws the 5.25-inch
diskette 1o store up to 1.6 megatwtes,
or 50% mone than the conventional
5.25-inch %6 TP floppy The improved
storage value helps to Close the gap
between the 5.25-inch rigid and the

CIRCLE 115 OM FREE INFORMATION CARD

525-inch floppy. It 1s priced at $9.85
per disk —BASF Systems Corpora-
tion, Crosty Drive, Bedford, MA
01730,

AMBER MONITOR, mode! SA-7000,
has a 18-inch CRT and a non-glare, hah
contrast faceptate. Among Its features
are composite video-input $13nal. a
resolution of 900 diots center and 800

CIRCLE 116 ON FREE INFORMATION CARD

dots comer It aiso includes an RCA-
type input connectorn and 2000
character dispiay format (5 X 7 dots,
B0 characters X 25 lines).

The amber monitor model SA-1000
is pricec at $15¢.00.—Sakata Usa
Corporation, 651 Bonnwe Lane, Elk
Grove Village, IL 60007, Dp
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WHY YOUR PRINTER
DOESN'T PRINT...

its standards that make parallel printers work. its the lack of standards that gives us trouble.

HERB FRIEDMAN

aStandards are what keeps the world working. They
insure that an 8-32 screw from Quter Mongolia will fit
an 8-32 nut manufactured in Lower Sarf®usky, Ohio: that
your telephone will access any other telephone in
North America, possibly the world: that the portable
TV you purchased in New York—which was
manufactured in Osaka—will not blow up when you
plug it in to a power outlet in Yellowknife.
Unfortunately, manufacturers of many kinds of
consumer equipment are prone to utilizing only part of
a standard, prefering—for whatever the reason—to
make their own propnetary modifications to the
standard for what often appears to be be no rational
reason. In actual fact, many times an actual standard or
a de facto standard is modified to intentionally prevent
a device from being used with any other equipment
supposedty using the standard. Printers intended for
use with personal computers are an excellent example
of modified standards, which is often the reason you
can't get your old and faithful printer to work with the
new computer, or why your new Computer won't work
with someone else’s printer. For example, we all know
the IBM graphics printer is an Epson. Right? Onlty
partially right. Use your old Epson and you'll print the
standard ASCH characters, but not the IBM graphics.
And while we're talking about IBM, we all know the
Epson printer, or a8 Smith Corona L-1000 daisy wheel, or
any of a hundred printers have standard Centronics-
type connections. S0 does the IBM. So how come you
can't plug a Centronics type printer into an I18Mm-
compatible personal computer? Because while the
connections are standard, the connector isn't. 1BM-
compatible computers employ a a D8-25 connector for
their parallel printer output, but the DB-95 is the
standard for RS-2392/Q it in no shape, form or manner is
the equivalent of the truly standard Centronics-type
Delta connector To use a Centronics-type printer with
an IBM-compatible computer the user must purchase a
special, and somewhat expensive, adapter cable
having a DB-25 on one end and a Centronics connector

on the other end. But don't blame only IBM for not
using a standard. How about Diablo and Xerox (same
printer, different brand name)? Their daisy printers—
considered the very finest by most users—have what is
supposedly a standard RS-232 serial VO. True enough,
its standard, only the connections aren't the ones used
by most of the computer manufacturers. Take your
printer home, plug it in, and it's an odds-on bet it
won't work property, if at all.

Get jt working,

The best way to start interfacing a printer is to just
get it working. IF it can at least print the full ASCII
alphanumernc character set and feed paper you're on
your way, We'll start with parallel printer connections
because they are the least troublesome. Parallel printer
connections are called Centronics-type because they
are the connections for the earliest printers—
manufactured by Centronics—that were used with
personal computers. To their credit, the Centronics
connections were well thought out and have never
required upgrading or a retrofit. The anly time they give
roubie is when a manufacturer goes out of their way to
muck things up, as did Apple with non-sequential
wiring of their paraliel printer card; 18M and IBM-
compatible computers with their use of a D8-25
connector for the paralle) output; and Radio Shack with
their card edge-tonnectors having non-sequential
numbenng and a forced automatic line feed after
carriage retum. Fortunately, the Centronics interfacing
was so well thought out that most users can easity get
around any problems created by the computer
manufacturer. The Centronics printér connections are
shown in Table 1. While there are marry individual
¢ircuit connections because Centronics provided for
every possible kind of parallel handshaking and fault
indication, every connection isn't necessanly used by
every printer. For example, a printer that uses the BUSY
for handshaking (stopping and starting the computer’s
Qutput) won't use the ACK, and vice versa.

OCTOBER 1984 — ComputerDigest 7
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THE NEW HP 2225 INKJET PRINTER lrom Hewlett Packard is
fully portable, may be used with portable or desktop comput-
ers, operates below 50 dB.

But be carefull Sometimes you can make a false
assumption and get yourself into really-big trouble The
safest bet is that anything that can g0 wrong, will go
wrong

Unfortunately, some manufacturers modify the wiring
of the signal pair retums—which are grounded—or put
+5 volts on one of the normally-unused pins. If in
coubt, the safest thing to do is ware only those
connections which are absoiutely required for parallel
operation, the ones indicated with an asterisk (*), for
no manufacturer will meddie wath them {so far); they
are safe to use because a computer or printer wall
automatcally reject their use if not needed. The
connecuons marked with a “pound” (#) symbol are
normalty unused and they are the ones manufacturers
often employ to provide extemal voltages for external
accessories—or they tie them together and connect
them to + 5 volts—which can prove a disaster Do not
use these wires unless you are absolutely certain you
need them. Try running the printer without them. Be
especially careful of terminal #18, which is often, but
not atwadys used to provide + 5 volts from the printer
or the computer for powering ancillary devices, such
a5 a serial-to-paraliel converter Some manufacturers
put the full rail voltage on the connection, others
provicie the 5 volts through a resistor If in doubt, leave
this cOnnection open because 5 volts on #18 is not
part of the standardg wiring. Depending on the
equipment, the wrong hook-up can cause a ot of
damage. Same thing for terminals 33-36. They aren't
used for standard connections. Some manufacturers
use them for providing power to ancillary harctware o
tie them to + 5 volts. If in doubt, leave the connections
cpen Terminals 16 (GND) and 17 (CHASSIS) are
"ground.” Terminals 19 thru 3C are retum lines for the
signal and handskaking Circuits, “retum” being a fancy
word for “common” or “ground”™ connection.

Depending on the particular printer and the
computer being used, your equipment might work if all
terminals 19 thru 30 aren’t connected; then again, the
equipment might not work. Your equipment will always
work If the wires are inddually brought through from
one connector to the other, but if you're making up a
multi-wire cable and are short on connecting wines,
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EPSON'S RX-100 DOT MATRIX PRINTER operates at a speed
of 100 characters per second on a 136-column carriage.

you €an connect terminals 19 thru 30 to terminal 16;
and if in doubt, aiso connect 17 to 16. Be extremely
carefut of terminal 35; do not use it unless you know
what you're doing. While not used in the Centronics
standard, cne very popular computer uses it for a
reclundant ground while an equally popular printer
uses it for +5 volts.

In your anxiety to get things qoing, you tend to look
for shortcuts. This €an resuit in dire consequences.
While it may seem expedient to take advantage of
‘unused” terminals, they aren't always as available as
they might seem.

The potential for 8 Catastrophic failure is olowvious, $Q
don't use terminals 33 through 36 unless you have
schematics for everything. Do not ehiminate any
standara connections thinking they aren’t needed.

Some connections accommodate severdl different
fault indicators which your computer might require for
operation. For example, while the BUSY signal normally
tells the computer the printer isn’t ready for data
because its printing, some printers use the BUSY to
alsQ stop the computer when the ribbon runs out, the

caover is open, the power is off, the paper has run out,
etC. Other printers put the out of paper indicator, cover
open, ritbon out, etc. on the FAULT line. The safest bet
is to always use all the standard connections. Normally:
CentroniCs-type connectors can be wired straight
across, that is, the wire connected to terminal #1 on
one side connects to terminal #1 on the opposite side.

To their credlit, even when using different connectors
(ie., card edge-connectors) Radlio Shack has atways
arranged the Circults in the Centronics order so the

wiring is always correct when connectors are
squeezed on ribbon cable. Unfortunately, this isn't the
case with other cornputers. The [BM-Compatibles use a
DB-25 for the parallel output, and the teminal numbers
simply don't match. Also, you can mistake the IBM
parallel printer output for an RS-232 connection, and it
is possible to blow out something in the computer, $O
be extrernely careful when making paraliel printer
connections to a DB-25 connector AISO, a commonly
used computer (the Osbome 1) and at least one
printer buffer (the Angel) don't have standard parallet
Centronics connectors, so a3din take extreme care if
yOu make up your own cables because the
connections aren't in the Centronics order
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TABLE1
Standard Cenironics-Type configurations
for Snoteh “Delta™ 36-pin conneciors.
KEY PIN FUNCTION
i 1 DATA STROBE
2 DATA 1
3 DATA Z
4 DATA 3
5 DATA 4
B- DATA 5
e g DATA 6
: B DATA 7
5 9 DATA 8
L 10 ACK
' i1 BUSY =-
# 12 PARER EMPTY IFE).
o 13 SELECT PRINTER
i 14 SIGHAL GERDUND
4 ] NC f |
34 16 GND, l
‘1 17 CHASBIS GND
+ 18 (CAUTION + + SVDQJ
*t 19 PAIR GROUND
‘1 20 PAIR GROUND
il a1 PAIR GROUND
i 22 FAIR GROUND
4 23 PAIR GROUND
| 24 RAIR GROUND
1] 25 PAIR GROUND
g 26 PAIR GRQUND
T 27 PAIR GROUND"
a 28 PAIR GROUND
"1 29 PAIR GROUND
"1 20 GROUND {GND]
# N INPUT PRIME
i 32 FAULT i
4 33 NC
#. 34 NC
¥ 5 NC
# 36 NC

There 15 not necessarily any correlation between
printers as far as codes are concemed., Again, the lack
of actual standards is plainly evident. Ask any
manufacturer of printers about this, and you'll probably
e told that they do indeed cleave to ngorous
standards—their own! The confusion is bome out
when you get down to the hard wiring. To see
precisety what can happen, take a look at Table 2.

The printer codes.

Regardless of whether the printer is serial or paralled
Input and the actual order of the connections, the most
frustrating difficulties you're likety to Face when
installing your printer are the printer codes, for which
there is essentially no stanclard other than for the ASCII
characters. With virtually no exception, every modem
printer can do something more than just print the 96
ASCIl characters. Depending on the particular model
and type of printer, its possible to undertine characters;
boidface through multi-striking and carriage shift; print
letters larger, smaller or in itallics {matrix printers); print
trade marks, smiling or happy faces; or foreign
characters or Greek or electrical symbois. You name it
and there' a printer gut there that can do it. Your only
problem is to tell the printer what you want to do, and
that's where printer codes come in. All printers uses

standard ASCIl codes for the character set and control
codes. The ASCII code 18 numbered from O through
127 in deCimal, which corresponds to hex Q through
hex 7F (Pnnter codes can be either decimal or hex,
depending on the particular printer and/or
software.The codes from 0 to 31 are non-printing
Control Codes, meaning they can be used to “trigger”
specific computer or printer functions Decimal code
39 (hex 20) is the space. The ASCH codes from 33
(hex21) to 126 (hex 7€) produce the ASCH character
set: the alphanumerics which can be printed by a
printer capabie of printing the full 96 Character set.

Code 127 (hex 7F) is the old teletype delete: The
modem printer either doesn't respond to code 197 or
prints a "block.” Normally, every printer resoonds to
ASCll codes 32 to 126. For example, if the computer
sends a 32 (hex 20) to the printer every printer made
will space, If the computer sends a 65 (hex 41) to the
printer every tnglish-language printér made for use
with personal computers will print the letter A The first
problem with printer standards you're likety to run
across are the ASCIl codes below 39. (See Table 2.)
Some are truly standard, for example, 13 {(hex OD) is
always used for CR (carriage retum) while 10 (hex OA)
1 always used for LF (line feed) and 97 (hex 18) is
always ESC (escape). And that's about where the
standards realty end. For example, while an 8 (hex 08)
will cause most pPrinters to backspace, youwr printer
might not recognize 8 as the backspace control code,
hence, any software you have that backspaces with an
ASCI 8 for stnkeover or underling won't budge your
printer; it might require some other code, or use 3
special code for undersconng. For example, send a 95
{hex 19 to a Smith-Corona TP-1 daisywheel printer and
every character will underling. Send a second 25 and
the undertine will stop. But if you have a Smith-Corona
TP-2 printer the second Hex 19 won't do a thing
because it requires a 31 (hex 1F) to stop the underline,
Tricky? You bet! Unless your software can be modified,
or can send user-programmed control codes from
within the program, there's no way you're going to get
the underline straightened out. And if you think Smith-
Corona underline is tricky; try the Epson with Graftrax.

Underscore on is ESC-1 (hex 1B SF 31); underiine off
is £SC-0 (hex 1B 5F 30). (Someone must have been
asleep at the design board because one of the most
popular personal computers cannot output 3 control
code zero Q) from its word processor.)

Everyone for themselves.

From ASCII 128 and higher it's every manufacturer for
themselves. For exampie, the famed budget-priced
Smith-Corona daisy printers do not respond to codes
above 127, On the other hand, the Radio Shack model
DwP-210 daisy wheel printer has a few additional
characters accessed by printer codes higher than 127.

For example, a 169 (hex A9) will produce the single
character imprint T™M (for Trade Mark), while a 171 will
produce the circled-C {©) used 1o inchicate coppright.
Similarly a 292 will produce the ¢, which is not on the
standard ASCIl keyboard (it is a typewriter character),

While daisy printers might respond to a few specific
printer codes abave 197, it's the matnx-type printers
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| TABLE 2
| ASC CODE PRINTER #1 PRINTER #2
0 NU NULL NO RESPONSE
SO SET LINE SPACING NO RESPONSE
2 ST DEFAULT LINE SPACING NO RESPONSE
3 ETX NO RESPONSE NO RESPONSE
4 EO NO RESPONSE END OF TEXT
5 % NO RESPONSE NO RESPONSE
6 : NO RESPONSE AKNOWLEDGE
7 BE SOUNDS BELL NO RESPONSE
8 BS NO RESPONSE BACKSPACE
g KT NO RESPONSE TAB
10 LF LINE FEED LINE FEED
u T VERTICAL TAB NO RESPONSE
12 FF FORM FEED FORM FEED
13 CR CARRIAGE RETURN CARRIAGE RETURN
14 '§0° ‘EXPANDED CHARACTERS NO RESPONSE
18 Sl COMPRESSED CHARACTEBS NORESPONSE
16 DLE NO RESPONSE NO RESPONSE
17 DC1 ACCEPT DATA (X-ON) _ACCEPT DATA (X-ONj}
8 DC2 COMPRESSED OFF “1AB SET
19 DC3 DESELECT (X-OFF) DESELECT (X-OFF)
20 DCa EXPANDED OFF TAB CLEAR
21 NAK ND RESPONSE NO RESPONSE
22 SYN NO RESPONSE NO RESPONSE
23 eTh NO RESPONSE NO RESPONSE
24 CAN NORMAL CHARACTERS MARGIN RELEASE
25 EM NO RESPONSE UNDERSCORE ALL
25 sUBR NO RESPONST NO RESPONSE
27 =80 HNO RESPONSE NO RESPONSE
| 28 Fs NO RESPONSE LEFT MARGIN SET
29 GS NO RESPONSE NO_RESPONSE
30 RS NO RESPONSE UNDERSCORE WORD
A us NO RESPONSE END UNDERSCORE

HE NEW FX-100 PRINTER FROM EPSON operates at 160
characters per second, cairies & suggested retail price of
$895.00.

that realty get mileage from 127 and higher—and they
cause the most standardization problems. For example,
connect your old reliable printer 1O your riew 1BM-
compatible computer and program for a few of the
IBM graphic characters. Depending on the particular
model printer you might wind up with unusual graphic
symbols, or even italic characters, but you won't get
the graphi¢ characters that match those in the
computer’s documentation The reason, of course, is
because only codes 32 to 197 are standard. The Epson
printers scid under the IBM label have internal ROMS
with a completely different set of graphics than any
other model for the codes above 127. To obtain the
iBM graphics, whatever matrix printer you use must be
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THE RX-80 DOT MATRIX PRINTER FROM EPSON has tractor
and friction feed, prints 100 characters per second, offers two
full 96- character ASCIl sets plus nine international sets in-
cluding 128 type styles.

specificalty programmed from ASCIN 128 up to produce
the 1BM graphics. {Thats why IBM can charge so much
for a printer you could otherwise purchase for several
hundred dollars less.) Similarty, if you try to use an
older Radio Shack printer with a new Radio Shack
computer something’s not going to work when your
software attempts to produce graphics, because the
late model computers are intended for printers with a
different “graphic set” than the earlier printers

Essentially, if you're intQ using computer hardware
and software from several manufacturers you've got to
triplecheck that the graphic ASCI codes are ail
compatible, eise you will wind up with “qarbage” or
just empty blank spaces on the paper In Part € we'll
untangle the serial priners and the parallel-to-serial and
serial-to-parallel converters. <Dy
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COMPUTERIZED
OP-AMP
CALCULATOR

Find all the circuit values for three important op-amp configurations

KIRK VISTAIN

in an instant with this spreadsheet template.

®What electronics hoblbyist wouldn't love to be able
to calculate all the resistor and capacitor values for a
differential op-amp circuit in less than a minute? Better
yet, imagine being able to do it for inverting, non-
inverting, and differential configurations simultaneously:
You can eliminate arithmetic errors, change designs in
mid-stream, or perform “what-if” analyses to your
heart’s content.

Well, the op-amp “calculator” we'll descrioe in this
article helps you do it. It's an op-amp design template
written for use wath the popuiar and povverful
Supercalc, an electronic spreadsheet from Sorcim
Corporation. It was developed on a Xerox 890, with an
80 column display, operating under CP/M, but it should
wOrk On any computer running Suypercalc. Note that
you'll need to use horfzontal scroliing on a 40-column
display.

To use the tempiate, simply load in an installed
Supercaic pragram, then [0ad the template, which
we've named OPAMPC. Figure 1 shows the sCreen after
loading. At the upper left is the user choice selection.
The number {no alphabetical prefixes or suffixes,
please) of the desired op-amp is typed in, and the
gain-bandwidth product (GBP) is automatically
retumed to the right. (That selection is customized by
the user).

Next, the desired input resistance (inpuT R), vOltage
gain (A.), low-frequency cutoff (Low f.), and high-
frequency cutoff {HiGH f.) are entered. The rest of the
operation is automatic.

Resistor and capacitor values are simultaneously
calculated for three basic configurations, and
automatically rounded to the nearest EIA stanciard
values. Circuit parameters are then recalculated using
those values, and displayed in the actuaL column.
Percent deviation from desired performance is retumed
in the next column to the right. In most cases, those
errors are kept to less than 10%.

Why use Supercalc? There are 8 number of reasons
First, Supercaic is a versatile piece of software that can
be adapted to many different purposes. For that
reason, it is among the first programs a new computer
owner buys. Secondly, because of its many logical and
arithmetic commands, much of a programmer’s work is
atreacty done, so designing and entering a template is
quicker than writing a program in say, Pascal or BASIC.
We could have used Visicalc, another electronic
spreadsheet, but doing $0 would have forced us to
sacrifice the automatic rounding-to-E{A-standards that
makes OPAMPC 50 Convenient. No doubt, some
enterprising programmers wall come up with ways 1o
adapt this template to their particular spreadsheet
program.

Three types of error messages are included,
summarized at the upper right of the worksheet. Each
amplifier configuration is represented separately, listed
under npex, If the actual or desired Gain-Bandwadth
Poduct (GBP) is greater than the rated GBP of the
selected op-amp, a 1 appears If not, 0 is retumed. A
similar function Is provided to test whether R

- - -

vikR Da@rney
s [ ize  RATED OB TeT e L AR F b A
It W 18 IHGES L R2
Galn taw]: 3 alZ. § t. 4 = D0 it
Liw P LT ‘
HiGr: Fe = ala, DL«d
> A lndickips Geitited R o & Dut 0f Range
rl,‘-‘ ERENTIAL AW HODE
RI a% -
[~ - I3 L1 -4 3B
led Bt 1S
Rs 9 1ed Rin 2 &l
g.- 6. - Imd Rejid: 70

FIG. 1—VIDED DISPLAY (B0 column) as it iooks during a
sample ditferentlal amp calcuiallon using OPAMPC.
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{negative feedback resistor) is less than 1 megonm, a
necessity for proper DC stability in common bipolar
op-amps. H you're using BIFET's, you can change the
flag point to account for their lower current
requirements. Refer to the device manufacturer’s data.
An R error will also occur if calculations result in a
value out of the lookup table’s range. That wilt be
corroborated in the individual amplifier sections.

Structure of OPAMPC

OPAMPC is functionally divided into three sections.
In user CHOICES, device number and desired circuit
parameters are entered. GBP and R error flags are
included, along with an index of the calculation
section.

The cacuLanion area of the spreadsheet contains the
formulas necessary to determine component values
from the users choices. Inverting, non-inverting, and
differential configurations are treated separately
Spacing between the subsections aids readability and
quick access when using the window mode.

The LoOkup TagLES are the key to the rounding
function. That section is automatically searched by the
CAlcULATION area o find the standard resistor or
capacitor value closest to the calculated one. Don't be
intimickated by its 151-line length! it's quickly built, using
Supercalc’s automatic functions.

Theory of operation

Figure ¢ shows three common amplifier designs, and
the formulas used to determine component values, The
OPAMPC template is based on an AC model, and was
specificalty written for audio applications. Power
supply connections are not shown, Nor are
compensation or offset Circuits. Many devices use
interal compensation, and offset is usually not a big
problem. If in doubt, consult one of the many op-amp
design books available.

Most of the formulas shown in Fig. @ were simply
converted into Supercalc format and entered onto the
worksheet (more on that later).

Inverting amp

OPAMPC Ignores the negative component of the
inverter’s output, a common convention. Remember,
though, that the output signal will actually be 180° out
of phase with the input

The 1E6 factor in the calculation for C1 produces an
answer in microfarads, instead of farads. That applies to
the other configurations as well. 1E6 is Supercaic
sharthand for 1102, Using the optional resistor R3 will
minimize input offset, although, commonty, the non-
inverting input is simply tied to ground.

Non-inverting amp

in the non-inverting amp, for minimum offset,
R3 =RI|RR (the symbol || means "in parallel with™). The
value of R3 15 equal to the input resistance, so whatever
value you select in the user section appears opposite
R3. We know that the gain of & non-imverting op-amp is
1+ (R2/R1), but how do we use that formula without
selecting a fixed value for RZ and R1? Remember that
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whatever combination of resistors we pick must have a
parallel value equal to R3.

The trick is trying to get Rl and R2 solved for two
different equations simultaneously in 3 way Supercalc
could handle. After trying many of the normal methods
for that, unsuccessfully, we hit upon the idea of simply
defining R1+ R = 1 megohm. That automatically kept
the feedback resistor below our design limit of 1
megohm, eliminating an annoying and clumsy term in
the calculations to boot.

You may have noticed that an undefined condition
wall exist if the user selects a gain less than or equal to
1, because (A, — 1) will then equal 0, by which you
can't divide, or a negative number, whose square root
is not a real number.

The low-frequency rolloff points of the inverting and
non-inverting inputs respectivety are — f- and + £ The
value of + £ is user-selected and equal to tow fc. The
value of — £ is arbitrarily set for five times + £ in order to
minimize low-frequency noise gain.

Differential amp

The caiculations for the differential configuration are
virtually identical to those for the inverting mode, except
that they apply to both inputs. Best CMRR {Common Mode
Rejection Ratio) requires + f- = = f, where +fis the
cutoff freguency of the non-inverting input, and — £ is the
cutoff frequency of the inverting input. For simplicity, we
let R1=R3 and R2 =R4. That results in differing input
resistances for the inverting and non-inverting inputs.

User-selected input & DECOMES the resistance of the
inverting input, with the non-inverting input R being
calcutated and retumned opposite r, +. It will always be
higher than the user-selected figure, but that is not
generally a problem in signal circuits. The differential input
resistance, Ry, appears in cell F42, and 15 the sum of
R+ and Ry, —.

Lookup table

Seldom do calculations yield precise, convenient,
standard values for resistors and capacitors. If we intend
to transiate our desian to the real world, however, that is
necessary

Consequently, OPAMPC Contains iookup tables, which
effectively round calculated values to EIA standards. We
use Supercalc’s built-in Lookue function and some long
lists to do this.

Building the worksheet

To ease entry, we've divided OPAMPC into two files,
called OPCALC.CAL, which contains amplifier formulas and
the user choice section, and LOOKVAL.CAL, the resistor,
capacitor, and op-amp lookup tables. Once we've bwilt
and saved those two files, we'll combine them into a
single template called OPAMPC.CAL. (.CAL signifies a file
of Supercalc type. The file type 15 understood and need!
not be stated when working within the Supercaic
program.)

Good practice calls for frequent saves and backing up
all files on 3 separate disk.

To build the lockup tables, first enter the headings as
shown in fig. 3. The column widths were selected only sO
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FIG. 2—THREE OP-AMP CONFIGURATIONS. An inverting
ampisshown In &, a non-inverting amp in b, and a differential
ampin c.

the headings would fit. Once the tables are integrated on
the OPAMPC worksheet, column width will be irrelevant.

Next, starting at cell D3, enter the following senes of
numbers in column D:

1E-5 22E—-5 47E=-5
111-5 DATERS 36E-5
13E-5 HaE=k 68e—5
18E-5 39E-3 82E-5

Puta Qin (2 and D2 and enter the formula D3 +C*.9 incell
C3. Replicate it in the range C4 C100. Now, enter the formula
D3+ C*10 at cell D15 ancl rephicate it frorm D16:D100. Enter 05
at the bottom of the capacitor list in cells CION and D101,

The resistor table is buiit simitarty. Zeros o into cells F2
and G2. The following list is entered into column G, starting
at G3:

1 18 3% 36
Al b 36 6.2
1.2 29 39 68
13 24 43 75
1.5 27 47 82
1.6 8 31 A

The formula G3 +C* 95 goes into ¢ell F3 and is replicated
from F4 to F150. Similarty, cell G27 gets G3+C*10, which is
replicated in the range G25:G150. Zeros are then entered at
F151 and G151,

The op-amp list should be customized for whatever de-
vices you favor We've shown a few popular ones as an
example in Fig. 3. The list can be as short or long as you want,
but remember to put 8 § at the beqinning and end to avoid
ERROR Of N/A Messages. You will also need to modify the
expression in E5 1o match the list's range.

You'll notice the resistor list is longer than that used for
capacitors. For accuracy’s sake, the compiete LISA Standard
€83.9 (formerly ELA GEN 102), Series 10, sequence 15 used for
resistors. That way, no matter what the result of a calculation
(assuming it is not out of range ) a standard value within = 5%
of it can be found. We selected Senes 20 values ( +10%.) for
the capacitor [Ist, because “in-Detween” capacitors are
scarce.
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FIG. 3—LOOKUP TABLE HEADINGS and general layout, in
formula display. The column widths shown were selected
only so the column headings would fit. Once the tables are
integrated with the OPAMPC workshee!, column width will be
irrelevant.

After we 've built the lookup table on the worksheet, we'll
save it on disk as LOOKUPCAL, Making another backup copy
i an excellent idea. The tired hand or mind, not to mention a
faltering powerline, could trash a screen or disk, obliterating
marty hours of work. If you don't have & backup copy of afile
on another disk, you don't have the file.

In order to reduce Calculation time when using the work-
sheet, it is advisable to use only the loOkup-table values, not
the formulas. Otherwise, every time we hit <!>, the “force
calculation® commandg, the 100kup table wll recalculate,
greatly reducing the speed of the worksheet. S0, do ancther
save of the iookup table, but this time with values only. Name
the file LOOKVAL.CAL.
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FIG. 4—0PCALC.CAL HEADINGS. The headings should be
typed in exactly as shown here.
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Op-amp calculation area

Now we'll build a worksheet called OPCALCCAL. 1t will
contaln all the amptifier calculations and error messages. Set
the worksheet for manual calculation before starting.

Refer to Fig. 4 and format the columns to these widths;

Column A: 12 Column E: 8
Column B: 0 Column F: &
Column C: 8 Column G: 8
Column D: 12 Column H: 8

Type in the headings exactly as they appear in Fig. 4, using
Supercalc’s text formatting options as needed,

You'll notice that column B-has a width of 0. That effec-
tively hides the unrounded results of the amplifier calcula-
tions, so as to avoid confusion. You can still enter formulas,
which will then show up on the status line. if ever the need
should arise, Column B can be expanded to the stanclard ¢
characters 1o show the precise results,

After checking your work for accuracy, refer to Fig. 5 for the
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FIG. 5—OPAMPC FORMULAS. Columns have been expanded
and formula dispiay has been selected in this example. Dur-
ing normal yse. the worksheet Is formatted as in Fig. 1.

formulas. You'll note the columns are expanded beyond
their normal width for clarity. You don't have to do that on
your worksheet, since any formula entered In a cell wall show
up in the status line, regardiess of column width.

Use the replicate function to simplify entering the lcokup
statements in column C. Be sure 1o select the ask for adjust
option to prevent repucate from changing the acldress of the
Iookup table. Notice that capacitor and resistor lookup ta-
bles have different addresses. When done, save the com-
pleted worksheet as OPCALC CAL

The unlon

To complete the OPAMPC template, start with a blank
worksheet and |load OPCALC CAL (All) onto the screen. 1g-
nore any error indications. Move the cursor to A48 and load
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LOOKVAL CAL You should ask for options and answer P {for
part) when dueried by Supercaic. Then |pad range A1:G151
into A48,

Protecting the template

To prevent inadvertent erasure of the contents of a cell,
which might result in erroneous calculatons, it is Important
to use Supercaics morect command. Once the entire work-
sheet is protected, the user choices section, cells C5L9 are
UNPROTECTED (O allow entry at those points Only. The OPAMPC
template is now complete. Save to disk as OPAMPC CAL

Display formatting

Unless Instructed otherwise, Supercalc will present the
results of any calculations in the “general” format. It wilt
display them as ordinary real numbers if the column is wide
enough. Otherwise, it will use exponential notation. We have
found that intelligibility is improved if the resistors and ca-
pacitors are expressed exponentially The same is true of the
GBP

Integer notation is preferred for the device number, gain,
low £., and error flags. Percent of error (%error) requires the
<$> (rtwo-point decimal or “dollar sign®) format.

Using op-ampc

Invoke the Guosal command to set the worksheet for
manual calculation By columns. Position row 2 at the top of
the screen. Next, use winpow 1O put a horizontal split at row
12. Make syre that both sections scrolt independentty Later,
when you become more familiar with OPAMPC, you can
eliminate clutter on the screen by using the GLoeaw command
to suppress the border

Let’s say we wish to design a differential amplifier, using a
1458 IC. Place the cursor into the upper left cell of the bottom
window: Looking at the index in the upper window: you can
see that the differential configuration starts at cell A36. Use
<< =2 to Jump there, then put the cursor back into the upper
window and start entering your performance choices in
column C Remember to use onty the device number in cell
(5. No alphabetical suffixes or prefixes are allowed

To calcuiate, invoke the <<I> command twice A Quick
glance to the nght wall tell you if any errors have occurmed,
The error flags section gives information even on configura-
tions not currently displayed. Column C, in the lower win-
dow, displays rounded values. To the nght, in column [,
actudl performance, recalculated using the rounded values,
is shown. The percentage of deviation from the entries in the
user choice section appears in column H.

Input resistance for all except the non-frvertmg { + ) input
of the differential amp will be within = 5% of that seiected.
The high frequency cutoff selection is Included onty to
calculate required GBP so no error checking is done for it.

OPAMPC is a valuable tool for the electronics hobbyist. It
allows a designer to quicidy calculate the three most com-
mon op-amp configurations at once. Its speed makes rapid
design changes and “what if” analyses routine. Of course, it
can't eliminate the “fine-tuning” necessary to produce the
optimum design, but it does get you well Into the ball-park.

If you have any questions about this template, feel free to
contact the author on CompuServe. Address your message
to Kirk Vistain, user number 72356,1355. OPAMPC is easy to
enter and easy 10 use. Have fun with it <
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COMMODORE CASSETTE
INTERFACE

Use an ordinary audio cassette recorder with your Commodore 64 or VIC-20!

WALTER G. PIOTROWSK]

mWwhen | saw the advertisernent, | couldn't believe it: a
computer with a real keyboard for only $84.97. Even if
the VIC-20 was not much of a8 computer, it had to be
woOrth at least that much, so | bought one

One afternoon, my son went to work on the
computer and, by bedtime, had written a long
program. Unfortunatety. he wasn't aware at the time that
we had no mass-storage device on which to save the
program. The next day, we went back 1o the store
where we bought the computer and leamed that the
least-expensive mass storage device for the VIC was a
cassette recorder that was priced almost as high as the
computer itself. We alreacty bad two cassette recorders
that were gathering dust, 50 | hoped that there was
some way we could use one of them instead of the
relatively expensive Datasette.

The YIC cassette port

The VIC-205 cassette port is a card-edge connector
on the machine’s rear. The signals available on the card-
edge fingers are shown in Fig. 1. The CASSETTE WRITE

output (E-5), and the casseTTe reap input (D-4), are
both logic-tevel signals. A look at the ViICs schematic
showed that both signals go to 6522 PlA's (Penpheral
interface Adapters). | connected my scope to the
CASSETTE wwiTE output, typed SAVE, and found a five-
volt, audio-rate squarewave. Unfortunatety, that
squarewave can't be recorded directly on audio tape.
There are two reasons for that: First, the signal level
must be reduced—trying to input this signal directly
into the recorder’s microphone jack overicads the
record amplifier, The second problem is because the
waveform is a squarewave, When you try to record a
squarewave, the recording process attenuates the high-
frequency components. The result is that you don't get
a squarewave back when you play the tape. Figure 2
shows the squarewave output of the cassette port.
Figure 3 shows the recorded signal—which has little
resemblence to the squarewave.

Because the computer expects o see a 5-volt
squarewave when it reads the tape, it will not be able
10 read the tape recorded on a standard cassette

1 GROUND

245 VOLTS

3 CASSETTE MOTOR
4 CASSETTE READ
5 CASSETTE WRITE
6 CASSETTE SWITCH

TMOoOOWm

FIG1—CASSETTE PORT SIGNALS. Note tha! the casseTTe

Z:vm::u cutput I8 called casseTTe sensE on the Commodore

G.2—CASSETTE-WRITE QUTPUT WAVEFCRM is part of the
sync data that preceeds the actual data. When data is being
transferred, tha duty cycle of the wavetorm s varled.

PARTS LIST

Resistors

R1—10K, Ya-watt tnmmer potentiometer
R2—10K, Ye-watt, 10%

Semiconductors

HC1—74LS14 hex Schmitt trigger
Miscellanecus

Project Box (Radio Shack 270-220); 6/12 Card-
Edge Connector (.156-inch centers); 14-pin IC
socket; SPST toggle switch; 2 miniature phone
plugs, Coaxlal DC power plug (5.0mm O.D.,
21mm . D), etc.

FIG.3—SQUAREWAVE AFTER RECCRDING and belng played
back on a casselie recorder.
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© [MICROPHONE)
4 & INPUT
°<: | | (EARPHONED
= IC1a IC1b A2
176 T4LS14 16 tacsie § 10K
-
ri—’ o CASSETTE MOTOR
: QUTPUT
A—f———
_l: =

FIG.4—SCHEMATIC DIAGRAM of Commodare cassette inler-
face,

recorder—uniess you find a way to tum the recorder
output back into a sQuarewave before the computer
sees it

Before we discuss how to get the squarewave back,
let's take a look at the other cassette-port signals, the
CASSETTE MOTOR OUtPUL and the CASSETTE swaTCH (Of
CASSETTE SENSE) INPUL.

Comrmodores Datasette recorder doesn't have a
pover cord. As you might guess, it receives its
operating voltage from the computer—specificcally
from the CASSETTE mOTOR OUtpUL ON card-edge pin €-3,
That output is driven by a a 25D880 power transistor
The ocutput voltage i1s 6.4 volts.

My cassette recorders, which are fairly old, have 7.5-
volt input jacks, alongside the mike and headphone
Jacks. The recorders run perfectly on this 6.4 voit
output. Most newer recorders operate on & volts, s
you should be able to use any of them with the VIC.

The cassette switCh input has to be pulled to ground
before the VIC will tum on the cassette motor voltage.
if it 1sn't grounded when you type a command (SAVE,
LOAD or VERIFY), you will get a message on the screen
that tells you to push a button on the recorder
Apparantly, the Datasette grounds the CASSETTE swarcH
line whenever one of its buttons is depressec (The
software checks to see that a button has been pressed
before trying to move the tape.)

How the adapter works.

The schematic of the cirCuit that allows you to use an
ordinary tape recorder with your Commodore
computer is shown in Figure 4. The playback line
contains two Schmitt trigger inverters. The first
conditions the tape’s output signal back into a
squarewave. Since it also inverts the signal, we need
the second inverter to fix the signals polarty

The switch in the CASSETTE SwATCH [1ne 1s Ot essential;
things wall work right if the cassette switCh is dlways
grounded. The switch does, however, provide some
extra fiexibility in using the recorder

Any construction method can be used. The onty
caution is that when you Connect the wires to the ¢oax
power connector, don't forget that the center is
ground
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FIG.5—THE INTEHFACE' mounts nicely on half a standard
dual-IC board and fits inside the smallesl Radio Shack profect
case,

you'll find that without even trying very hard, you'l
be able to fit everything into into the smallest Radio
Shack project case. The prototypes construction is
shown in Fig. 5.

Checkout and use

Setting up the adapter Couldn't be easier Simply set
potentiometer R1 50 that the output (when you're
SAVE-Ing a program) is about 0.1 volt peak-to-peak or
less. (If you don't have an oscilloscope you can
measure for about 50 millivolts with a DC voltmeter)
The exact voitage isn't cntical, since most tape recorder
iINPuts have automatic record-level Circunts. You might
have to experiment a bit with the volume and tone
controls on playback With my recorder, | get the best
results with the volume control at about % full and the
tone control at maximum treble. Start with those

FIG.6—HOOKED UP AND READY TO GO, Lhe interface needs

oniy to be checked out and Lhen never needs to be touched
again.

settings and play back a tape that you have recorded.
The volume control setting is the most important, and
setting it too high is better than 100 low. Once it IS
correctly set, you should not have to adjust it again.
Figure 6 shows the compieted unit hooked up and
ready to go.

You should find that the interface works correctly
with pre-recorded tapes as well as those you SAVE
yourself. «{ D
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some curren! books that deal with
countdown, start, fail-safe, shut-
down, and protector circuits. But so
fag, 1've had no luck. Can you help
me locate books on those lopics?—
L.M., Wisconsin Rapids, Wi

All of the circuits in question are
relatively new and as such each
manufacturer designs his own par-
ticular version (often redesigning
them from one model to another).
I doubt if we will ever be treated to
one book that can cover it all be-
cause it would become obsolete
with the next model year. Perhaps
the best advice that | can offer you
is 10 subscribe to as many of the
manufacturer's technical-liter-
ature services as you can handle:
In that way you can pick up a little
information here and there. R-E

EQUIPMENT REPORTS

continued from page 45

various CP/M commands and util-
ity programs. For more detailed in-
formation, or for users unfamiliar

with the CP/M operating system,
there’s the Osborne book. The
version of the book that is sup-
plied with the package is writién
specifically for the Apple, and will
%:nde you step-by-step through

e different CP/M commands and
utilities.

The Microsoft BASIC reference
manual assumes that the user al-
ready has some familiarity with
BASIC. Its purpose, as its name
implies, is as a reference for all the
commands, statements, and func-
tions of Microsoft BASIC.

For those who want to use non-
standard 1O devices, or use soft-
ware that requires some maodifica-
tions to CP/M, the information
needed to perform those tasks is
found in the system programmer’s
manual. That manual is not in-
cluded in the package. Apparently
to encourage the mailing in of reg-
istration cards, which often are
simply discarded instead, that
manual is sent to you by Microsoft
upon their receipt of that card.

The Premium Softcard llecarries
asuggested retafl price of $395. R-E
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SERVICE
QUESTIONS

COLOR CONVERGENCE

I can’t gel a Sony KV9000 to con-
verge no matter what | do. l've
checked everything and it looks OK.
Any help that you can give me will be
greatly appreciated.—B.P., Bronx,
NY

I wonder if you checked the po-
tential difference between the in-
ner and outer conductors of the
(two-conductor) anode lead; one
carries the high voltage and the
other carries several hundred volts
less (adjustable with the horizon-
tal-static control). Make sure that
the anode is correctly seated and
that the voltage difference exists.

SHORTED FILFER CAPACITORS

! have 1 GEKE-H chassis that keeps
destroying the power-supply filters.
When | first got the set, | found C1
and C2 had been replaced. |
changed them both a second time,
and one week later | found one sec-
tion of C2 shorted again. What's hap-
pening?—A.S., Bedford, OH

The answer | have is so simplistic
that | aimost hesitate to give it, yet
it's the only one that makes sense.
Are you observing voltage ratings?
Some filter sections are rated at
450volts and others 350 volts. Ifthe
previous service technician
crossed them, and you are du-
plicating his errors, the same
breakdowns will keep occurring.
Check the actual wiring against
the diagram.

BLOWN HORIZONTAL OUTPUT
TRANSISTORS

I have a GET9YA chassis thal keeps
blowing horizontal output-tran-
sistors every few days. | feel like
hanging it up and going back to
painting barns.—FS., Newion, Il

Sometimes it looks like a pretty
good idea, doesn’t it? Painting
barns, that is. Until then, try re-
placing C702, which is connected
across the transistor. It is recom-
mended that whenever the tran-
sistor is found shorted, the
capacitor should be changed too.
It's a critical component, so get a
GE original if you can.

RETRACE LINES

I have two RCA CTC97 chassis in
the shop, both with retrace lines in
the picture. Parts substitution
doesn't seem 10 help. Any ideas?—
G.5. Waco, TX

Try checking R3116. It’s the 220-
kilohm resistor connected across
the low-impedance circuitry, so
you will have to lift it before it can
be measured. You may find it
open. Also check R3043, C2119,
Q3019, and Q3020.

DISAPPEARING SOUND

! have a Zenith 19EC 15 chassis in
which the sound comes on for a few
seconds, and then the Circuit break-
er (rips. Please help.--E.}, Alada,
co

You probably have a short in the
horizontal output-circuit. Start by
checking the transistor with an
ohmmeter. If it's OK, lift the input
lead to the high-voltage tripler. If
the breaker holds, replace the tri-
pler. Another common break-
down in that set is the feed-thru
capacitor, marked C232 on the
schematic. That is a post-type
component mounted through the
chassis pan, and il arcs internally.
You can bypass it by using a 100-
picofarad, 1000-volt capacitor in its
place.

BAD HORIZONTAL AND
VERTICAL HOLD

‘m calling for help once more. |
have a Zenith 20YC48 chassis that'’s
giving me poor horizontal and ver-
tical hold. I've checked everything
and have gotton nowhere. Can you
help?— L.F., Potomac, MD

I've seen the vertical integrator
(A1) give a lot of trouble in that
chassis. Check it by clipping it out
and temporarily using a 100,000-
ohm resistor in its place. I've seen
the dual-diode (X8} and the 68,000-
ohm resistor connected to pin 5 of
the 6U10 cause horizontal-hold
problems. If you're having trouble
with both vertical and horizontal
lock-in, you must re-examine all
components in the sync section.
Don't overlook X4, the sound and
sync detector.

NEED INFORMATION

! have been lrying in my area li-
hraries and book stores to locate
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DIGITAL IC TESTER

continued from page 86

You can usc the display adapier to view
signals Lhat originate oulside of the lester.
With the test socket empty and the power
supply jumpers removed. open the isola-
ton switches and jumpet the system sig-

QNE CHANNEL
+ CYCLE 1

YRIGGER | ¢ [t

INPUT "l_f_"'_l_'"

CHANNEL

SWITCHING e [ el
INTERVAL |—1 l—‘l
DISPLAY |, il
COUNTER 1 ¢ L
NEIZLINPUT 1 4 [

I ™ oispraven ¥ !

FIG 8—THE COUNTER COUNTS on the [2ading
edge of 8 logic trigger. but the scope triggers on
the iralling edge. Thal eliminatés the channel-
awhching lines from the display.

PARTS LIST

All resislors wre Ya-watl, 5%

R3—43.000 obms

R4—22,000 ohms

R5—11,000 ohms

RE6—5600 ohrms

R7—2700 ohms

R8—-R12—330 ohms

R13-=1500 ohms

Semiconductors

1IC11—74160 1-0l-16 selector/muitiplexer

IC12-—74L5191 binary synchronous up/
down counter

IC13—7406 hex inverting buffer

IC14—=7420 dual 4-nput 1.anD gate

Other eomponents

S17—S5PST swatch

should be cvenly spaced. and all displayed
signals should repeat themselves exactly
between triggers. The qualifier can be
uscful in dealing with complex systems.
but proper qualification hinges on your
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Fita. 39— THE OSCILLOSCOPE D!

PLAY showing the wavelorms generated by tw 7405138 st ehrouil.

While il may not ba the most eloguent logle 2nalyzer, it can be an excelient teaching or learning lool.

nal(s) 1o the test socket pin(s). Bring in a
suitable trigger, crank up the sysiem. and
you are ready to observe the chosen sig-
nals and their relationship to each other.
Be aware that the displayed signals are
now driving the additional load presented
by the circuitry connected tothe test sock-
et—that includes the output drivers, the
mutti-channel adaptcer, and. perhaps, ad-
ditional expansion hanjware. System sig:
nals that are heavily foaded might not be
able to drive that additional load.

The selection or generation of a trigger
is most crucial in ereating 2 stable and
meaningful display. The trigger pulses

familianty with the logic system. [n gen-
eral, under-qualified wiggers tend to
create brilliant but jittery displays. On 1he
other hand, over-qualified triggers yield
diminished or even non-existent displays.
In situations where trigger selection s
rclatively simple, the multi-channcl
adapier can become a wtoriat aid. You can
learn a lot by observing signals in a prop-
erly operating digital device. As you con-
tinue to use the adapter and really get a
good “*feel™ for it. you will probably find
many additional uscs for the adapter.
we'll find even more uses for the IC tester
when we continue. R-E
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RADIC-ELECTRONICS

-

STATE OF SOLID STATE

continued from page 101

power-supply rejection ratio
{PSRR) is 30 dB.

Figure 4 shows how the
ULN-3784B is used as an amplifier
wilh bass and treble controls.

Additional information on both
devices is available on request
from Sprague Electric Company,
Semiconductor Division, 115
Nertheast Cutoff, Worcester, MA
01606. Refer to Engineering Bul-
letin 21717.12 for the ULN-3784B
and to tngineering Bulletin
01717.23 for the ULN-3705M low-
voltage amplifier. R-E

A QUALITY TRIPLE-REGULATED
POWER SUPPLY AT A LOW,

LOW PRICE!

NOT A
KIT!

This DC triole reguinted varighle POWar yupply
hags i the teatures you could ask for Plus @ full 1
YOur QUarENLee. Fully adiustabla from 1% VO to
A% YDC! Theowe comoletely Independent aubbiies
that oties many acvintage¥ Thay can be wiher a
pos. Supply OF & neg DDy . 1Y can miso be
stacked W seriew 0o that o 8V and two 15V sup-
Dliss can totel g 38 YOO supdty of any combBing.
tion of the thraa.. (after ona of the terminaln
groundedto gve it aretarancel... of tha firt time
¥Ou CAN NOw purChane This American made tully
adjustable powar SuUPEly 81 & price that is one-
halt of what you'd expect to payl

FULLY ASSEMBLED & TESTED!

‘1192

- Made In The Uniled Stales —

) 4% 10 187

MODEL £S101

WARRANTY

SPECIFICATIONS
3 cutputs:
Fixed 8 VDC + 0.2V
2 varabia L1% V1o 215 VDO
Polarfty - Roaling: CAn be used a8 POS. OF NeY,

Ripele (#ss than 10myY &t tull load,
ReQuiation < 1% ne load to full koad,
Ling Reguistion <0.2% 108 VAC to 135 WAC,

Curtankt
Fixed BuPOlY .0 amp max
Variable supphes 0.5 amp Max,

Profeciion built in. current iiMRiRG. with
tharma! ghutdown.

Power 108-138 WAC,

Dimenmons. W™ x J%" x T (WxHxD)

Wood pran firshed me'al case

Waight! 4 e, § oxs

Lighted on/oH power switCh, #asy-1o-rend
Yoltmetef and lar0a Deing posta,

Warrandy. ona y8dr ful reptacamanl
wilTenty trom daie Of PurChase.

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

VYV

E. W ENGINEERING. INC.

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

2
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NEW IDEAS
continued from page 32

their “contacts” will remain open
and no signal will appear at the
output. We use the output from
pin 3 of IC3 (a 7555 timer} to gate
IC2-b and I1C2-c. Note that the sig-
nal from 1C3 is inverted before it is
fed to 1C2-b but not before it is
sent to |C2-c. Thus, the pulsing
output from IC3 will alternately
switch the display between probes

Two voltage-divider networks
determine the position that the
trace is to be shown on the screen.
Because we want to display both
signals at the same time, the high
and low levels for one probe must
be different from the high and low
levels for the other probe. For
INPUT 1, the divider is made up of
resistors R2, R3, and R4, and for
the other, R10 and R11.

The addition of R3 in the first
voltage-divider circuit increases
the voltage level of both the high-
level and low-level inputs from
probe 1. Thus, the probe-1 signals
will be displayed at the top of the
signals from probe 2. The probe-1
trace is displayed between the 3-
and 4-volt mark, while the probe-2
trace is shown between zero and
one-volt. That can be shown by the
following formulas, which assume
a high level of +5-volts.

Probe 1:

- % (5V) = 4V
Low = e rravar V)

- kT ook 220K (V) =
Probe 2:
High = WT:‘-!_W {V}

e SR

Low = OV

With the scope set to trigger on
one input, signals up to 50 kHz can
be monitored. That makes the cir-
cuit ideal for low to medium speed
logic-level inputs. Certain fre-
quencies can cause garbage (har-
monics of the sampling frequency)
to be displayed; however, adjust-
ing potentiometer R6 will correct
that.—Jeff Verive
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BATTERIES
continued from page 58

g TABLE ?—
BATTERY MANUFACTURERS

Lithium batteries

Aitus Corporation
1810 Crane Court
San Jose._ Ca, 35112

Tadiran
6312 Varel Avenue
Woodland Hills. Ca. 1367

Yarta Batteries, In¢.
150 Clearbrook Road
Eimstord. N.Y. 10522

Lead-acid batteries

Technacoll
2117 South Anne St
-Santa Anna. Ca. 92704

Eagls Pitcher Ind., Inc.
PO Box 130
Seneca, Mo. 648685

Gould Inc,
931 N. Vandaha S5t
St. Paul, Minn. 55114

Hickel-cadmium batleries

Gouid Ine.
231 N. Vandalia St.
St. Paul, Minn. 55114

Varia Bettetriea. Inc.
150 Cleartwook Hd,
Eimsford, N.Y, 10523

General Electric
Battery Business Dept
PO Box 861
Gaineswile, Fl. 32602

By now you should know enough about
all the different battery chemistries 10
make an intelligent decision as o which
battery sysiem (or combination of sys-
tems) is best for your application. And if
you're not exactly sure, you should have
enough information to know what the
right questions are. Batiery manufacturers
will be more than happy to send you data
sheets, catalogs, and application notes so
you can find out whatever you want 10
know. Table 7 is a good beginning list of
companies you can confact for informa-
tion. Don’t hesitate to wrie 10 them—
they know more than you do and can save
you lots of 1ime and trouble. And a twen-
ty-cent stamp is a pretty cheap insurance
policy when it comes 10 saving twenty
dollars worth of batteries. R-E

FROM THE BEST SOURCE FOR OSCILLOSCOPE
PROBES AND DMM/VOM TEST LEAD SETS.

8 Low Cost

® High Guality

u Excellent
Performance

® Slender,
Fiexible Cable

8 Wide Range ol
Choice

® Switchable X1 and X10
Attenuation Factor
® 100 MHz Bandwidth

MODEL SP100

EST

TFI| Your Prob
PROBES, INC. Specialists

COUNE US. SALES asrommm
P.O. BOX 2113, LA JOLLA. CALIFORNLA 90038 {619} 458-4187
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( ACTIVE )
RECEIVING
ANTENNA

Gives excellent reception,
50 KHz to 30 MHz.

| MNew MFJ-1024 Actlve Recelving
Antenna mounts outdoors away irom
| alectrlcal noise for maximum slgnal.
Glves excalient recaption of 50 KHz
to 30 MHz signajs. Equivalent to wire
hundreds of feet long. Usa any SWL,
MW BCB. VLF or Ham receiver.
11 dynamic range RF amplifisr. 54
in. whip. 50 foot coax. 20 dB attenuator
prevents receiver overioad. Swilch be-
tween two raceivers. Select auxilia
active antenna. Gain control. "ON"
LED. Remote unlt, 3x2x4 In. Control,
6x2x3 In. 12 ¥DC or 110 VAC wlith

optional adapter,
MF.J-1312, 5995

218} 5129)
0“'

Order trom MFJ and try it If not cellghted.
return within 30 dars for refund (less shipping).
One year uncondltional guarantee.
| Ordar today. Call TOLL FREE B0O-647-1800.
afrioceodima CM'E‘I & VISA. MC. Or mail check, maney order.
« Carmina, Mo # for free catalog. QOver 100 products,

1Opee # 1reusts s eluiia) T CALL TOBLL'FREE  A00-647-1800
Call 601-323-5865 in Miss.. ouiside continental
MOUSER ELECTRONICS USA. lech/order/repair Info, TELEX 53-4590.
11433 wOODSIDE AvE SANTEE. CA 92071 ENTERPR'SES
PHONE (619} 3492222 TWX 910 -233t- 1178 MFJ INCORPORATED L
| L“ 494, Mississippl State, MS SQTBZJ
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ELECTRONIC
COMPONENTS

MANUFACTURERS OF QUALITY
ELECTRONIC COMPONENTS

« ha1VLeY CLIFS & HOLDERL
« Cant BEIT + COMMECTOPS « CAPACIIOR)
« OMIPLATS « b0pe o PUREE o JAGAL & FiUD)H
s EMOBE « tARPE « POUIMNIOmITEINS
« 00 COUE s« BULATS « RIFIETORE
« $WHEHIET « LIMICONPUCTOR) o TRUAKIRL
o« TR0 ACUIFmINT « THAMTIOIMIPE « 10O
o Wil & EapLy
OYER 13,000 DIFFEAENT ITEmS IN STOCKD

% Luins wad Grdes Dok
Ope= By & 800 u IFEH)
sThems CODaVaa

861 H38Q100
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Let Delton Horn
Show You How
To Design Your
Own Op Amp Circuits
for Pennies Per Project

Using thess 37 hands-on. step-by-siep projects and
oxperimenis, Deaon T. Hom shows you how 10 dedign A
basiid practical. working op amp Cecuits. Hom jocuses on the
741 op smp chig—the mosl versalile. INExpansve, and
commonly used op BMp—and POVKRE you wah ¢ DeT-
manis ranging from acive Mwrs. sphal gensrmlors and
pulse CHCURS 1D power Supply, detecton, Melsnng. and dig-
1al chrult apphcgtions. Hom acs you Basdy through ah the

tundamentals of op BMp characienstcs and Icalions,
How to Design Op AMP ok ving each pancipls winh hands-on upomn‘rs.m

Circuits, with Projects makas even e most complex mathematicel information
and Experiments onsy 1o follow!
:1: gl;":?ﬂ "l:l:& Instant Order, Call toif lree: (800) 233-1128
- rdbound. in PA, Hi frect: -
g vl { , or AK cafl direcl: 717-794-2191)

No-Risk, 15-Day FREE Trial -"-“—“,-,"°-Q"s—"3!=-
Te0u TAB| LR

I [ | Prease send me How 10 Design Op Amp Catuits, with Projects and Experiments (Mo. | 785H) at
| $21 95 (plus postage /handing).

I [) Checkenclosed los $ ____ {Pubhsher pays posiage and handing via Bookpost).
I Full Money-Back Guaranies

Nwmne
I Address

I Cry/Siaie/2ip

YISA sl MagterCard orders can be relayed by phona.

Foregn cusiornans must Py I8 stvance in US dollars and add 52 per ook for stpoing and handing PA acd 8%
sabes tam AR ordery subyect i M ApPrOval Priced subiedl 10 Changa RET 104

L--------------------------
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SATELLITE STEREO

coniineed from page 54

MMtintosh

STEREO CATALOG
and FM DIRECTORY

Gel mll the newest and I8test information on tha new
Meintosh stereo eQuipment in the Mcinlosh catalog. In
addition you will receive an FM ststion directory that
cover® 8l of NOorth America.

| & o-oocoe O
X 60

[ R TRl % Wy T e, )

Mclntosh Laboratory Inc. RE
East Side Station P.O. Box 86
Binghamton, N.Y. 13904.0086

8 NAME = |
2 |

E 1 ADDRESS |
o I ary. _ STATE__ zIP_ I
3 gy ey
o] If you are in @ hurey for your calalog please send the coupon to Mcintosh.

g For non rush service send the Reader Service Card 10 the magazine
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PARTS LISY

Al resistors are Vewatt. 5% uniess olh-
erwise noted.

R1, R18—6800 ohms

A2, R19—100 ochms

A3, R17—1 megohm

R4, R6, A7, R10-H13, R20, R22, R23,
R26-R29, R44—10,000 ochms

A5, A21—5000 ohms. linear-taper polen-
tlomeler

R8, R24—100,000 chms

R8, R25——1500 chms

R14, R30—R33—1000 ohms

R15, R16. R34, R35. R39. R42—470
chms

R36, R38—75 ohms

R37—330 ochms

R40—750 ohms

R41—3300 ohms

R43—4700Q ohms

Capacitors

$1-—5-55 pF trilmmer capacior

C2, C5-C10,.C19-23, C26——0.001 pf ce-
ramic drsc

C3, C14, C27—0.01 uF, coramue desc

C4, €18, 3522 pF. ceramic aisc

C11, C24—3% pF, cerami¢ disc

C12, C25, C34—0.05 uF, ceraric disc

C13—150 pF, ceramic disc

C15, C26—0.1uF, Mylar

€16, C23—100 uF, 16 voits, etectrotyic

C17. C30-C32—2 2 uF, 50 voits, elac-

trolynhc
C33—470 wF. 10 volts. slectrolytic

Semiconductors

1C1-—MC 7808 B-volt regulator

IC2—MC10116 tnple ling receiver

IC3, IC4—NES64 phase-locked locp
{Signetics)

IC5—nA4138 quad op-amp

D1, D2—MVv2209 varactor dicde

LED1—miniature red LED

Other components

L1—12 uH, high-Q

L2—3.9 pH. high-Q

J=J3—RCA-type phono jacks

Jd—mimatura phone jack

S1—DPOT push-onipush-oft

The following are available from Video
Control, 3314 H, Street, Vancouver, WA
98663, (503) 693-3834: Compiete kit In-
cluding all parts, printed circult board.
chassis, AC power adapter, and man-
ual $79.00; PC board snd manual only.
$19.50; AC power adapter, $10.00. In-
¢lude $3.50 for shipping and handling
tor all orders.

minus the L —R subcarrier (the right-
channe! information).

Bullding the clrcuit

Because of the high frequencies in-

volved, using a pnnted-circuil board is
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DISCRETE.

e i

+12 VOC IN

w
FIG. T—PARTS-PLACEMENT DsAGRAM. Nole that some paris are soldered on the component side s
well a3 the “solder” side. While those places sren’t spectally marked, you will notice thst the

groundpisne is not etched sway bn those places

F1G. 8—TO KEEP LEAD LENGTHS SHORT, all the components {#xcepi tor power-input Jack J4) are
mouinted directly to the board. 3

essential. The compenent side of the PC
board is shown in Fig. 5 while the solder
side is shown in Fig. 6.

Since the circuit is composed of three
aclive sections, with each section operat-
ing around the 6.5 MHz range, con-
struction and circuit-board layout is very
important. When soldering components
to the board, lead lengths should be kept
as short as possible 10 keep the very sen-
sitive front-end (the amplifier in the input
stage) from oscillating.

Notice that the component side of the
board serves as a ground ptane for shield-
ing and reduction of crosstalk. Some of

the components must be soldered to the
ground plane as well as to the soider side.
If you look a1 Fig. 7. the parts-placement
diagram, that is evident wherever the
camponent placement holes are towuching
the groundplane.

Since you want {0 keep lead lengthsto a
minimum, you should start soldcring the
low-profile pans (resistors, for example)
onto the board first. If all of the parts are
the same height, simply laying the board
on a flar surface will press all the pans
flush against the board and your lead
lengths can be kept as short as possible.
Next solder the higher profile pans such as

Learn micro-processing with the new

MICRO-PROFESSOR 1P

Students, engineers or technicians—
upgrade your micm-grocessing skills
with the new Micro-Professor 1P.

The MPF-1P fcatures:
* extensive software support
* more built-in memory
* improved keyboard
* larger display

Three tutorial guides help cover all
capabilities. The ideal training tool!
MPF-1P will dcliver you into the growing
world of micro-processing. Invest now!

Plus-FREE GIFT  ©uiy $179.95

0 Chexck shs box for FREE
Z-80 AMicroprocessor

Programming wnd

Imerfacing texibook when

you order within 7 davs.
$12.93 value. e

Uept. RE194
14803 N.E. 4ixh
Redmond, WA 98052

For immediate action call TOLL FREE:

1-800-426-1044

g

Full money back guarsntee.
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Now you can ordor

the “Study Gulde for

the Assoclale—Lavel CET

Test” irom the internstionsl|
Society of Cartifled Electronics
Tachniclans. It Includas material
coveting the most ofien missed
questions on the Assoclate CET
Exam. BYs” x 11", paperback,

BDGplén;' CERT|F|ED

Send check to ISCET, 2708 W.
Berry Si., Ft. Worth, TX 76109.
Nemae.
Addrass
Clty ——
State Zlp

_____coples @ 55 00 ea.

Send materisl about ISCET

end becoming cartified.

SEE YOUR DEALER TDDAY

FROM

FiwestK’

CANTENNAS -
-ACCEBBORIES -

HERE'S A TIP
THAT'S PERFECT!

AM/FM AUTO RADIO
~|.- AND CB

‘Firestik’ll

GOLDEN SERIES

3 BARE-HANDS TUNABLE
: “NQ TOOLS NEEDED™
HIGH PERFORMANCE ANTENNAS

T

ALSO ANTENNAS FOR
CORDLESS TELEPHONES
‘ MONITOR SCANNERS

| Dealer & Destributor [INQuines Invited
| SEND FOR FREE CATALOG

T ey, S e |

| 2614 East Adsrms Phosnn, AZ 85034 |

| Namg |

| Straet _ |

- !
Stata I

l Surving the CB amd I

Communicailons Markal Sinca 1982,
5-YEAR REPLACEMENT WARRANTY
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video control

satellite sterveo
demodulator

By,
LEDY s s‘u SCHETE
\EXTENDEC/DEPRESSED)

RS R21
L+R L-R

FIG. 9—FRONT-PANEL CONTROLS. To make the unil easier to uss, you might want to mark the
settings tor your favorite transponders around the tuning contro.

IC’s. Do not use IC sockets when you
install the 1C’s. Fellow by installing the
other components except LEDI. (LEDI
must poke through a hole in the fromt
panel.}

Callbration

When your construction work is
finished. apply power via a wall-mounted
AC adapter. and connect the left and right
audio-channe] outputs to the appropriate
stereo receiver/preamplifier audio inputs
(Aux N, for example). The next step is to
test the unit by tuning in a satellite TV
stereo transponder that has a strong video
signal. A good one to start with is MTV
(Music Television)—you can be virtually
certain of finding a stereo signal there.
{MTYV is on Satcom F3, transponder 11.]

Tobegin, tum up the sterec’s volume to
a moderate level to where the hiss is not
1o obnoxious. Push the DISCRETE/MA-
TRIX Switch. 81, in the DISCRETE position.
Tum R5 (TUNE A) completely clockwise
and R21 (Tune B) completely coun-
terclockwise. Now begin adjusting R2I

h—@_

clockwise until the L —R subcarrier is
found. The phase-locked loop will lock
onto the subcarrier when R21 is correctly
positioned. You should hear a hollow or
echo sound when properly locked onto
the L—R subcarrer. Now Cl must be
adjusted—using a non-inductive tool—
until there i the least amount of noise
present on the L - R subcamier. Next be-
gin tuming R5 counterclockwise until the
L+R subcamier is located. The proper
settings of 1he front pang] controls will be
evident when the L~ R channel has a lot
of “ambicnce™ signals. In other words, T
will sound hollow and echo. Now engage
switch S| to the MATRIX position {ex-
tended)} and listen to the music blend in
full stereo. Both TURE controls (RS and
R21) can now be fine-tuned by ear.
When tuning in a discrete transponder,
the procedure is identical, excepl leave the
switch 81 in the piscreTe (extended)
position. Because the audio subcarriers
on different transponders are often at dif-
ferent frequencies. you may need to fine-
tune front-pancl controls R5 and R21. A-E

MY MOM SAYS IT'S A RADIO -

WWWW.americanradiohistorv.comm

.. BOY 1T /UST TARE
A LOT OF BATTERIES TO RUN ONE THM‘ S1ZE/
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MARKET CENTER

FOR SALE

CABLE-TV SECRETS—the cullaw publicabon the

cable companias tned to ban. HBO, Movie Channel,

Showtime. descramblers, converters. ete, Sup-
jars st inciuded. $8.95. CABLE FACTS, Box 711-
. Pataskata, OH 43062,

RESISTORS V)yWAWWS% 3 cents 1%metatfilms,
PHBCISION CUStom wirewounds. $1.00 refundabie 1o:
J:I;GINDUSTRIE S. 5834-B Swancreek. Toledo, OH
43614,

FREE calalog fealuring scannér accessonies, car-
riarfsubcarner detectors. volce scramblers. unusual
kits. CAPRI ELECTRONICS, Routa 1R, Canon, GA
30520,

THE intelligence Library—Restricted 1echnical in-
tormation & of plectronic surveillance, sur-
veillance-device achematics, lock-picking, In-
vestigation, wespons, ldentlfication docu:
menta. Coverl scisnces. eic. The besl selecton
avallable Free brochures. MENTOR. (Dept. 2).
135-53 No. Bivd,, Flushing, NY 11354,

CABLE-TY squipment. ndtch filless lor be?l ¥
channels. Informaben $1.00. GOLDCOAST, %

Box 636025 RE. Margaie. FI. 33063.

RF parisMotorola transistors. MRF454 $16.00.
Mnﬁsssmm. Catalog avallabte. RF PARTSCO..
1:;20«1 Grand. San Marcos, CA 92069 (619} 744
0720.

UP 10 $500.00 per monih. Sell compuler software in
r home. Wiile 1o0: COMPUTER SERVICES. FO
% 7748, Tucson, AZ g5725.

RECOMNDITIONED test 'e_gu[Pment. $1.00 for cata-
log. JAMES WALTER TEST EQUIPMENT, 2697
Nickal, San Pabio, CA 94806

TOKO Coll Set {}our) $8.00. BFQSA5 substihute
transistor $2.00. High quality PCB wath plaled
holes and refiow sclder $12.00. Or all for only
$20.00. JIM RHODES. 1025 Ransome Lane, King-
sport, TN 37660

CONMECTORS—audio, co-axial, aviaion, comput-
er, indlustnial, and many other types. Send $2.00 lor
complele price list and ordonn% intormalion.
Largest imantory in country. CONNECTOR TEGH-
NOLOGY INC., 5A Veronica Aw,, Somersel, NJ

WHOLESALE F-59 cable Connector S80.00/1000.
Free MATV calalog SASE. (212) B87-0509. DAWR,
68-12 110 St.. Flushung, NY 11375

CHANNEL 3—60dB notch fifter. 63 5MHz. $32.00,
CROSLEY, Dept. 763. Box 840, Champlam, NY
12019,

RADAR JAMMER!

& Taunas speed Facky QU 1O rmadct OUE el -~y Do
of true SPRE, OF wiiiervir S vou Sad

a a by Eacont ared most other (eteciony

s Espuoaly Qe BLANT-ON 1A

» Oparates O both X, ana & panc lnol FCC aporoved)

a MONEY-BACK GUARANTEE. if not sanshed

WARNING, The devion described i ThiS Seraturg 3 nol

legal for Lise AQaIrst pORCE rdar

Compiets literaiure & pians PBCkage. send 314,95 107

Philips instrument Design Co. inc.
95132 SW Barbur. B, #1095, Portland, QR 97219
VISA and M/C onder k. (503) 626-6764

TI-99:4A owners Gel 1 free catalog of new, ex-
citing, 10w cost software. DYMA, Box 690,
Hickswille, NY 11801

WANTED: Cid RCA. Cunningham, Western Elec-
tri¢; tubes, amplified, spoakers Mclntosh. Maraniz.
Tannoy. Altec, JBL. (713} 728-4343, MAURY
CORB, 1122 Atwell, Houston, TX 77096,

TOP-quality imported. domestic kits, surplus. dis-
oount electronics. compuler componels. Free cata-

. TEKTRASONIX. 175 Fiflth Awve., Suite 3194,
N.Y., NY 10010.

CONVERTERS all typas for all systems. Lowesi
pnces anywhere, quantity disCounts. dealer inquir-
s accepled. Send $1.00 jor calalog. PG VIDED
gﬁ“e';;ésm Box 296, Latham, NY 12110. (518)

AUTOMOTIVE Security Catalog. 1984, 24-page
color calaing. $2 00. ASE. Depi 1, PO Box 382.
Plamvlew._N 11802

LATEST bug-detection equipmen! [of home or of-
hoe, Litavature, $1.00 CLIFTON, Box 220-X, Marm,

BUY direct from Far Easl! Send 53 95 for list of

Fl. 33168,

250 electromcs manulaciumers, ASHTOM ENTER-
PRISES, Box 19081, Minneapolis, MM 55413,

BRAOFORD paris 50% ofi—"JOE”, TROY TV
PARTS, 76 Second Ave , Tioy. NY 12180

COMPUTER hacking: How il's done and how to stop
F. Detaits: A.T.1.5., 61 Gatchell. Buttalo. NY 14212,

| tHe nesT PLACE 10 MUY, SELL or
TRADE NEW and USED ECURMHENT
NUTS & YOLTS MAGAZINE |
ROX [11t-& = PLACENTIA, CA #2470
(714} 32.7721
ey

da of Rosdnry b
Frary Honth

ONE TRAS Uh BUBICRP TIOME

ST - i Clom = SIEW . | Claw

MUTL & LT

S5 390 - Lo - 2t o T |

CABLE-1elevision fescta mnd secrets. Now you
<an get the informative publication thal CATY com-
g:nias have been unsuccessfully tryin%cl)o gl

nned lor 15 years. Movie Channel. HBO, and
Showtime converlers. eig, Send $8.7510: CABFAX
P.Q, Box 091196, Bexley, OH 43200.

TUBES. new, unused Send self-addressed, stamp-
ad envelape for 11, FALA ELECTRONICS, Box
1376-2. Milwaukee, Wi 53201,

FREE Pay-TV reception. "How-To™ book. HBO.
Showtime, Cinemax. $54.95. DIPTRONICS, Box 80
{R2] Lake Hiawatha, NJ 07034,

CABLE.TY converters and deacramblers Low
ices, dealers wanted, Send $5.00 for catalog. R &
DISTRIBUTORS. Box 266-1, Boston, MA 02190,

{617) 871-5838

To run 1 cwn classiMed ad. ruimwordonmhol tha finers betow and sand Lhis form along with your check
for $2.50 pée word iminimum 15 words) to:

Radio-Electronics, 200 Park Avenue South, N.Y., N.Y. 10003

ORDER FORM
FLEASE INDICATE in which category of classified advertising you wish your ad to
appear. For speclal headings, there Is a surcharge of $20.00,
Plans/Kits { ) Business Cpportunities { ) For Sale
Education/lnstruction { ) Wanted ( ) Satellite Television

Special Category: $20.00
PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.

1 2 3 4 5
6 g o 8 ) 0
1 12 13 FET B3 e 15
16 ” 18 19 20
21 : 22 23 24 25
T 27 SEE I 29 E
31 32 a3 T as

PLEASE INCLUDE FOR OUR FILES YOUR PERMANENT ADDRESS AND PHONE NUMBER

CLASSIFIED COMMERCIAL RATE for firms or indnaduals offering comercial products of servicesh-
$2.50 per word prepskd {no charge for 2Ip codel MINIMUM 15 WORDS. 5% discount for & 1ssues.
10% for 12 ssues within one year, f prepaxd,

NON-COMMERCIAL RATE (tor individuais who want to buy of seil a personal ilem) $2.00 per word
propaid. .G minimum.

ONLY FIRST WORD AND NAME selinbold caps. Additional bokd face (not available as all caps) at 25¢,
per wordt, All suzact 10 publishes's rova). ADVERTISEMENTS USING P.O. BOX ADDRESS
WwiLL NOT aﬂcc PTECQ UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT
ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 201h of the third month preceding
the date of the issue (i.e.. August issue Closes May 20th}. When normal closing date fatts on Saturday,
Sunday, or a holiday, issue closas on preceding working day.
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CATALOG: telaphones. alarms, mievcoms, PA.,
wideo. and data ink equipmeni kits, Send $3.00 to
cover posu%e to EPPA ELECTRONICS. Box 166.
Brooktyn, NY 11204

GATED-5ync Pulse instnuction booklel. Don't ba
jaft out due to the advancing technoiogy in video
scxambm;? techriques. Leam do-gg Compleie
descram Ir?g clcuits inciuded. addional infor-
mation, send SASE o SOKOLOWSKI, 97-20 221
Street, Queens Vitage. NY 11429,

TUBES: "Oldies . latesi Supplies. components.
schematics. Cataiog iree {5tamp apprecialed).
STEINMETZ, 7519-RE Mapiewood Ave.,, Ham-
mongd, IN 46324,

YOICE synthesizar, Timex TS2088M000 ML-Pro-
gram has Iarga expandable vocab, excellent sound.

16.95pp, TAD PAINTER, Box 166055, Inang, TX
75016

“SATELLITE descrambiers —Lowest pnces any-
whers. Cealar mquings welcome, Send $3.00 for
cmalcgl We ship C.OD.'s. STARVIEW INC.. PO
Box 103, Rextord, NY 12148, (518) 785-1286.

DELUXE cable:UHF converters. Zanith, SSAVE-t=—
£199.595. Zenith Cable—5$299.95 Jerrold, Dak and
others available, Deaters wanled $2.00 catalog—
UNITED ELECTROMIC SUPPLY, Box 1323, Eigin,
IL 80121-0119. (312) §57-0600.

REVERBERATION

ohd stata with controls for rever-
beration and room size.
EVERY ORGAN SHOULD
OWN ONE. Sen for frow trer -
DEVTRONIX ORGANS, INC.
8101 WAREHOUSE WA Y

BUY BONDS

,,:§ WRITE FOR S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
Tel: 1(848) 842 3072
0T MCGEE STREET KANSAS CITY, MO. 64408

NEW. unique sami-custom, multl-Instrument

CMOS muttimeiody IC's. Special—$15.00 oach and
dala gostpald. S.ASE. brings liver K, BOUFAL,
ELECTRONICS CONSULTANT, 244 Fltzwaler

Street, Philkdedphia. PA 19147,

NEWEST cable-TV facts. Manual includes: theory.
schematcs of popular descrambilers and convert-
ers, secret techniques and more, $11.00 cash. Free
CATV equipment calaiog. ELECTRON, Box 168, 17
No. State Sireet, Room 1222, Chicago, IL 80802,

UNUSUAL surplus tems—Iow ‘pr‘nce uaranteed
quality! Free liyer. ELECTRONIX LTD., 3214 South
MNorton, Swoux Falis, SO 57105,

HIGH woltage shocker plans—8Build Irom S¢rap box
parts, 9 wits. Only 53 95, ENTIUM, Box 1650 (0)
Carolina, P.R. 00628.

25,000 tubes $2.00 and $3.00 each. Send stamped
anvelope stau:g neads FOX 22661 Glerwood. Mt
Clemens, MI

™ ¢i0sed out. Inventory for sale Best offer
lakes, Box 425, San Ysuiro, CA 92073,

CORDLESS phone owners. Increase distance. re-

duce staic on 1.7/49MHz phones. Detaiis $1.00

g%\daue, HP PHONES, Box 273, Mesa, AZ
i

VYCR and TV tmublsahooiing. Hund:eds of
moneymaking timesaving lips 311.95 JA Elec-
tronlca. 1708 Chestnut Muskogee, OK 74403,

GARLAND, TX. 75046
{214) 487-9031

» | T "‘
BEC Electronics | : Soumrse . sosironcoos @
P.O. BOX 461244R - 3188 Al O CRDCRS LIDER 31020 ¢

= TEXAS RESIDENTS ADD 5% STATE SALES TAX
= ALL FOREIGN ORDERS ADD 25% FOR SHIFPING.
1CANADA 154,
LS CALL @111 407-9011 TO PLACE CREDIT CARD OR COD ORDER

ERMS

1| NO FORERGN CODS

OVER 45,000 SOLD SINCE 1977!
SOUND EFFECTS KIT

Thr unil uses the Tl 76477
IC and siter the vaey
. awvsembly is complried you
uwill be able o reprnduce o
most sy eound you  wand!
Quakty PC board and all
R Pusary Componrais ars
provided. All yxm necd to
add s aspraker. The circuitny,
of 1he kit prowides yvou with a
¢ Pulee Gewnrater, MUX
Dscillator & Comparsior
te mahe more complex
sounds 8 snap. Programming
examples pProvided 1o help
vou gel used to uting I unit

18.50 ..
2/34.50

SUPER MUSIC 27.95
MAKER KIT  rociuoes

CASE &

LB WATTS ROM CHIP
ouUTRUTI ORDER
KSM.0)

TESTS: Battery Condition,
Pich-up Coil, 19nition Modub, purchase.
and HV Coil

11.88 exh‘mder@ BEFORE MARCH 30

THE BEST DEAL]
This hand hrid Antomo-
tive Toster checks and
tests the funcioms buied
below easily and quickdy.
The osiginal manulac-
turer sckd over 8 million
unids in 1983 at i9.95 each.
[natructions and charis
are print«d on the back ol
vach wal This jesrer will
sarve fowrs of frusration
and pany bor iseif the firs1
ting wiwd Llnkia are afi
e, JO0N gmarantesd
bot ™ days Irom date of

DEFECTIVE
. con

ORDER: AS-25

AY 18.5% FOR BOTH!

WINDSHIELD ™\ /{1008 Ao IF & oo\
WIPER DELAY arate W Audic cutpes
Compinte ssvombiod PC o d

cord with N, ol ad
conirel  wilh o Btk
Complris auh vz M0 Lineas £ pin

CABLE-TY products. Jerroid, Hamiin, and Cak
converters. Send $3.00 lor Information. ADDI-
TIONAL OUTLET CORP.. 111 E. Commaercial Bivd..
Ft. Lauderdale, Fl 33334

FREE calalog—electronics accessories: TOOIS,
multimelers, components. ARCEE INGUSTRIES,
PO Box 193, Ronkonkoma, NY 11779.

FREE catalog—video cable accessories: Bat-
ter ks, cable, converters, ARCEE INDUS-
TRIES, PO Box 193. Ronkonkoma, NY 11779

CABLE converters. al n{Des. serd $2 00 jor prices,
also kits $35,.95, AMERICAN VIDEC, PO Box 132.
Troy. NY 12981, {518)-273.-2699

PLANS & KITS

PRINTED-circull hoards Oulck prototypes. pr-
duction, design, retiow sclder. Send print or
descripion for quote to KIT CIRCUITS, Box 235,
Clawson, M1 48017,

HI-FI speaker kits, aulo speaker systems and
speaket COMPINents from the workds finest man-
utacturers. For inners and anperts. Free fiter-
alure, A & 5 SPEAKERS. Box 7462R, Denver. CO
BO207 {303) 169-8609,

FREE KIT Catalog

FURCTION GENERATOR XIT $59.95
Auta-Ranging Cap-matez kit 579.95

tontGint

TEST &

Phone 209-772-2076

Writs of Phone for FREE CATALOG

BCIE IFIC NSTRUMENTS
BOX 144 VALLEY SPRINGS CA 95252

DAGE

CABLE-TY converters. Jerrotd, Hamiln, SB-3,
AN.3, Mini-Code. Zenith & more. UMF converters:
Detuxe 1l sinewaree kits $95.00. gated pulse add on
$70.00. Complete ynis 195.00 with galed pulse
$255.00. {Quantity discounts ) Repairs of all con-
vertars & cabla boxes. Send SASE (54 cents
Eos ) or call for info. 1{312) 637-4408. HIGGINS
LECTRONICS, 6014 W, Nelson, Chicago, 1L

SERIAL and paraliel penter interfaces Cantronics.
Selactnc, Tetotype. CULLINS. 917 Prestwick, Bed-
tord, TX 76022

PROJECTION TV . Converl TV o 7
ool pecture . Results com to §2.500. -
aciors._Tolal cosit bess than $30.00. Plans and
lens $19.95_. lilusirated information free. MAC-
ACCOMA-GB, Washington Crossing, PA 18977,
Creditcard orders 24 hours, {215) 736-3079.

CRYSTAL racios! Plans! Kits! Plans and calakog
£3.00 COUNTRY CRAFTS INC., Box 310. Edge-
wood, NM B7015.

1T radio fransmitter! Over 300 foot range. Easy to
buikd. Plans only $4.00. SWAN. Box 81201, Corpus
Chrig, TX 78412,

CATALOG: Hobby. CB broadcastingl Lin#&ars,
teansmittars, bugs. scramblers, downconveriges,
antennas. modications. moral PANAXIS, Box 130-
F10. Paradise, CA 55969.

SECURITY schematics, transistor. ultrasonic and
IC designs, $8.00_For large 181 of plans send §2 00
(refundable) 10 SELECTRONICS. PO Box 9608,
Deetioet, M1 48209,

NEWI Three-lunclion kit with Impressive sound
Quahty. Converts mong to siereo OF enhances slergd
with [wo distinet modes. From 30-20 KHz, $39.95

Egs $3 50. Callomnia acd 6.5%. SINETRON, PO
- This popular kit s grear x 861571, Sacramento, CA 95866
g for CBF horms of door-

ol sppl oo W include

Tovinr bt ot B s g »n
Spacial l-er:‘duury (ﬂmcwa?m
1 3

price

decoder driver )2 Howes 8 =
| | A 4 componenis and qusky PC Order: AS#1 Order: ICL4433 38/ AMAZING NEW PRODUCTS
4] SPLAKER board ¥ou aur saw, 10 lodlow — s
= NOT INCLUDED  assemblh, metructions. The package TONE tolking memory disier—This credil card
% price inctudes the Lis, case myfront panel TELEPHONE [ TRANSFORMER size tone dialer can memonze and racall one hun-
b ture seleclion paliches, and & preprosrmmmed 27 RINGER SEM] KIT el dmd-32 digit phone numbers and s deal for MCI
= memory chig (ROM) with 35 additional tumes. (60 rotal) | o wpecial MLEIS | | 22 BAE 044 and Sprint customers. A lew (satures include spe-
Q Additional ROMS erv available lof $.95 fo 14.95 ma o e 6 VAC @ 2A ' cial access eniry coge, alarm. ch and cal
w (Listing seni with order). Order Now! Ofler espices ,_,__,__:,"'z Completely Shiskdod? culalor funchons for onty $79 95, Listener—
w Masch 30, 1984  IIVAL sransiormer B available. SPER ol gt ol < s it 115 VAC Primary rapresanis the lalest teohnalogy in the area of
S Order TH-26 2.68 +a m:r;am 190 TS5 ea LANESH mnrllml‘lg devices Plugs ime any moadular phone
g ORDER: TN jack. lis remote activation teature and ulirza-sensitive
s~ A B e
E » where I 1he world and hSten inte whal 1S happening
118
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T 3 B BN BN BN N BN BN BN BN BN BN BN BN BN BN BN N BN BN BN BN BN BN BN BN BN BN AN BN AN
°
b CABLE-TV
-
L
2 PRICE SLASH!
°® ®
®
QUTPUT CHANNEL
{Clrcie the one used
ITEM on your systam) REG. NOW QrTy. PRICE
JERROLD 400 CONVERTER(S8CH) .......... CHE2NNC HE A1 0910 0f S 9070 DR e e
(1000 MOre) wuiciirs i sddsnrioniorsiine vermis CH.2 CH.3 B2.00° T5.007" castir . ddpiasstii
JERROLD 450 CONVERTER (66 CH] .......... (o O N (Y RT3 X 0 S ) B
(OleRAMOe) e L il ca e Co st e v CHI2) WEHSARE110.000 907000 T <lecma i Lo CaliEE
EAGLE COMTRONICS 400 MHZ CONVERTER ... CH.2 CH.3 109.00 9000 ...... ... ...........
PRTATOGTA T T | BETS R T e = CH.2 CH.3 B2 00 TS 00 s i i Ea e
SBIADD -ONIUINITE ot i vt e s i oad LB CHS28 e CHEIE 291005 99800 o b
OO MOTe). -0 S S LT oA CH.2 CH.3 79.00 s800 ... ... ... .. ...
BRAND | SB TRIMODE COMPLETEUNIT..... CH. 2 CH.3|Pleasecallforprice | ..... ..............
NEW | SB TRIMODE CONVERSIONKIT.... CH.2 CH.3| quotesanddetails. | ... .. ............
MINICODBEIN-A 2) i s bl g bl e ve t b’ e e 4.8 CH2 CH.3 109.00 89.00 e s i sk L
(AR A eTis) oy G i = s PO e CH2 CH.3 7900 5600 ...... SATE T .
MINICODE (N- 12] VARISYNG e s et reingem CHY2- - +CH A% 91419008 <997007 | | Sciets  5aTe bt
(TOIoRmMOre) s oy Ly, s CH.2 CH.3 BEIOO RSEI00] S I N,
C-1000 ADD-ON
{COMPATIBLE—ALL ZENITH SYSTEMS).. ... (C R SRS b SR 5 O HU S 2 2 (B
(BIOTIMOre). . . e ey e ey 1 ... CH.2 CH.3 22000 185.00 s v ) s P
MLD 1 200-3 AW g gt o1 o S, CH. 3 ONLY 129700550997 00% & S L .
(10701 MOTe) o dlle s ¥ s iy ruansmuasrvysnmersansss CH. 3 ONLY (85008 [68-00% |1 kddll it LLEE

IMPORTANT: WHEN CALLING FOR INFORMATION —
Please have ready the make and model # of the equipment used In your area.

Thank You
Name e — = Sub-Total
Street _ Shipping
Clty/State/Zip. TOTAL

Phone Number Area Code___ Number

Sale of De- MUST BE SIGNED AND RETURNED wITH YOUR ORDER

‘cramm?“ i understand that the purchase of these cable T.V. products does not authorize their
may be pro- use on any cabie T.V. system. | agree to obtain the proper authorization from itocal
hiblted In officials or cable company officials in my area.
some states.
If in doubt, [ Stgned

check with
local author-

el Transamerican Cable Distributors

Ohio orders

LU 449 BROAOWAY AVE. e BEOFORO. OH10 44146 o (818) 956-5839

Please—No Coflect Calis

WWWwW americanradiohistory comm

Add $2.00
per unit ship-
ping or call
for specifics.
Payment is
accepied by
money order or
Cashier's check
only. CO0's &
credit cards are
nolaccepted as
our Jow prites

prohibit their use.

1
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w
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at another location for only $99.95. JHF Preamp
KIt—=init will drastically improvg Lhe picture quality
of all UHF-TY gtatons and even find stations you
nevar thoughl existed] Pres $25 95 Free shipping,
WD residenis add 5% HOWARD RESEARCH AN
DESlGI: PO Box 204, Ellicott Cy, MD 21043, (301)
A65-B118.

HOME ROBOT

MOVIT kits mini robots, $25.00-$75.00. Exceilenl
imroduction to personal roboties. CAL - ROBOT,
16%08?\2'3n1ura Bivd. #223, Encino CA 91436, (818)
[05- 1.

UHF CONVERTERS SATELLITE
EQUIPMENT BY L.5.R. ENG.

CONYERTER kHs withi AGC and sound from TV
{VCR recordabie}: Deluxe 111 sinewave, 57995
{wooden cabinet $12.50 extra). Digital ZIFV-5 vid-
@0 inversion (includes cablnet) $175.00, Sine-
wave adaptor for ZiIFV-5 ({i,gao Inversion) $49.95.
Adaptors lor Dejuxe 111; $49.95. Gated puise
$39.95. (New!) Sinewave unjammer switch!
£19.95, Stops Interferance. (Newl) Anlenna
blocking fHier! $19.95, stops broadcasting.
Sinewave IN-TV kits {T.F.), economy 538.95. D
$49.95. 90%-sssembied kits avallable. add 30%
10 cost lor assambly Apartment-aized sateltite
TVRO system 579500, up 1o 156 ch., complatet
assembied, tested and guarantead. 2 tull yodrs
Quantity discounts. Minimum order: $25.00.

EDUCATION & INSTRUCTION

SATELLITE TELEVISION

F.C.C. General Aadiotelephone license. Homa
stuﬂr Fast. Inexpensivel "Frae™ details. COM-
MAND, -1, Box 2223, San Francrsco, CA 94126,

UNIVERSITY olters state authonzed degroe pro-
grams jn Business or Computer Management. Low
tuithon. No class attendance. Write, mcludi:? é)hone.
for beochure: UNIVERSITY OF SANTA NICA.
5161 Venice Bivd , Los Angeles, CA 90019, Call:
{213} 933-4200

FCC commearcial cence cormespondence course,
60 intwidual lessons, 589.50. Payment pian aval-
able Results guaranieed! Information free AMER-
ICAN TECHNICAL INSTITUTE, Box 201, Cedar
Mountaln, NC 28718.

Your Tickel to a Great Career|

LEARN BASIC
ELECTRONICS

TAAIN AT HOME [N SPARE TIME . .. Bacause the ERcinn-
s Field 13 growang sc 1ast. B offers excelen careor
SPOOUndHES _ pven At (ho entry fevel A knowledge of
BASIC ELECTROMICS can helo you get your foot in the
duw.wmﬂowdmhke Tochn-cﬂ - Sales Rep.,

Jursor T weine and move. Easy-to- '\7

tolcw home-stucly ODUSS sarts you at the

i
4 wih phnn"t'y of photos, chm?s’:“x:? d

Qrams. Multimeder, parts ks, calkuialor, 8
agital VOM included  Hands-on tramng

UNSCRAMBLE sacre! satellie channels watch all
the good stufl. Plans $19.95—ts $169 95—com-
phate unils $395 00—Dwtals and order forms $3.00
SCRAMCO. 8688 Royal Dnve. Noblaville. IN
46060

Satellite Descramblers

For West Star 5
AND COMSTAR D-4
Movies Movies Movies

Send $5.00 for information
Modern Technology ——
-

P.O. Box 419 D1
Boston, Ma. 02186 ===

1 (617) 871-5838

SATELLITE antennas build 8-10-12 foot wood or
metat, send $2 00, PROTOTYPE ENGINEERS..

Free shipping! Paymeni: cashiers check. money bt you loarn By dong Ged FREE TACTS. Mo Box 1812, Deming, NM 88031,
order. Visa or MasierCard. L.S.R. ENGINEER- talesrnan will call. COUPDN TOOAY! & 3
ING. Dept, RE., Box 6075, Chicage IL 60680, o e — = — — - — .J GEARAMOTORS lor motonzed Satellite antenna
Orders toll free: 1-(800) 432-1422. Information: lI[:s BASIC ELECTRONICS COURSE 3l . NOVAC, 101APM: $32 50 pius $4.00 ship-
1-{312) 764-4330. 2aca =, Dopl OESS4 Sianion. PA 18515 ping Actuators I6VDC, 187 $139.00 plus $10.
| - | :’.éu;z:;p|nga_'r8€"u‘|.l 22518 97th, Corcoran, MN 55374,
Name = - 612) 4 14,
ELECTRO-VOICE DEALER |, b o s G sy Wty
SPEAKER components plus interface, CD35. Sen- | crysuwizie | antenna, LNA,

try. stage. PA speakers, microphones. Low prices.
RICK MARDER, {201) 561-8123.

b - ————————— . . ]

. TecoIvars, 10w prices. Catalog
$3.00. STATE SATELLITE. 5 Broagway. Troy. N
12180. (518} 2721130,

\‘
! T It l 4 Y
P Network Sales, ine.
@
| ECE&®/TRIPLERS/MULTIPLIERS
00 pEA e ] GRAND OPENING
T MO TOUR DY b ] OUR CORT by 0] FOUN COaT
SO0A. . 788  530. 10.85 537, L1173
SR S O RETAIL STORE
527, 9.50 532, 12.40 539, .. 9.84
523.. ?.?3 £33 9.90 8549 14.88
K28A 7.7 534, 10.48 550, 10.08 v o
528, 9.40 535, 4B 556 11.90 THOUSANDS QF ITEMS IN STOCK
520, 8.90 5184 13.85 557, 11,78 .
564._.... 1155
REPLACEMENT FOR ECG® TvPeS DELUXE PARTS ASSORTMENTS
TYPE NG e [Eeihc: YOUR COBT 1 Rasistors & Trimpots 03 Copacitor 9" 189C°8, Sccaets. & Se
?32‘ TE!%EE :3: »gg 1'%5#, SFESEN :g 99 68 mwatt, 5% copmions & u,::::'a-“w. 2 047. Y esch o, MESSA, LASES.
195 FIVE tor 99 17? . amﬁ bl 3 sn»m‘mmnmm 1 29-01 Rad.ai ryhicy 310 11330, MC 1350
123AP SIX tor .99 109,000 FIVE jor .09 e e b s o B e
SUPER spEc"l. (MIN. & PC. EACH) 131 26, 2200, 3 100« Caps 1eachof 3 12 27, nsl mnk 2-MC TSR
' 1910 34,110, 230p!, - . NaQ0Z &8 1
R0 e ) el | B foualcos] T3 2144 T 290 372091 g 1! pin 136, & 1:78 pun
:g;- Eg l‘é"; ?-gg %‘g 952 $4.50. o8, 10/40.00 v.r"c;‘n s-as:lw“ mu‘. -
129, 45 184, 45 500A. B.9% #2 Copacinor &' i e loalr s
130. .BO 185, A5 523, .. .9.93 = 1-580pt 14 Colh & Chohes LED & notaer, fuse &
152, A0 238, 228  526A. 10.20 TREnEA R zzmEc A #3¢h ot 15, 33 and 100 nolge hne cocd
153, A0 276.. 8.93 529 . 13.78 Silwer bticat - 2.10p0, & 1 (Ui} MICFO henties SPST swilch
154 . 8D 201 95 Ti2...... 1.25 SRCh.olA niN 00 Choles T.uariabie RE DPOT watich 2-58)
S60pt. 120001, 3000 or ool iseme a1 conn B lugl hmob.
JAPANESE TYPES . s pc. EACH! 1300p! S4IASTTMPCY Sapacars $acrewt &
25C8B7A 2.75  HAIIS6W.. . 1.85  STK0029. 3.8 e R0 200 5323 s 100,00 s Z-RO-174, mateh-
25C1114 3.28 MAI377A ... 2.90 STKOOSO, 0.09 alrenslogmes o md
25C1308K . 195 LA4102 1.25 TAT205AP . 1.50 i
AN2140Q 148  MSASISL... 295  TA7208P..... 1.8%
AN23IOA, 4.80 STK433 . 3.95 TATZI2AP . 1.95
BAZI2 1.80  STKa35. 395  UPCHBIH.... 1.25
£ GHIF ...... -89 STKa37. 8.25  UPC1182H.... 1.25
5] HA13424A . 2.30 S5TK439....... 8.80 UPCI\85H.... 2.99
cz) COD ORDERS WELCOME (525 MIN. ORDER)
For Compists Componsnt Catslog Ceil or Writs
o 390 TURNER AVE.
= DIGITRON ELECTRONIC Ao PRy K
it 110 HILLSIDE AVENUE, SPRINGFIELD, N.J. 07081 GROVE AGE, IL.
i TOLL FREE: 8C0-526-4928
P InN.J.: 201-379-9018 312/952-1115
o DTS BT RN 1§ WOT ASSOE ATEG 1o L Fray AT Pt 3 ECD PHONE ORDERS WELCOME
z : \| OREN MON-SAT. 910 5
% CIRCLE 11 ON FREE (NFORMATION CARD

CIRCLE 95 ON FREE INFDRMATION CARD
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SATELLITE-TV recelver breakthrough! Bulld
Your own system and save! Insfruction man-
uals. schemafica. circult boards! Send stamped
envelope: XANDI, Box 25647, Dept. 21C, Tampe,
AZ 85202,

MULTI channel microwave antennas. highesi
qual% ow prices, dealers welcome, D.T. compact
$38.00, PT-1 $48.00, SR-1 565.00, D.T. grs $55.00.
PT5-33 $75.00, all units complete. DAISY TENNA,
Box 42010. Phoenx. AZ 85080, {1-800) §74-9033.

SATELLITE Systema, bulld. save. For delails send
stamps. MATCO ELECTRONICS, Box 316RS. Ca-
dillac. MI 49601,

ENJOY SATELLITE TV
S e QR
T S

%

1984 " Consumet Guide 10 Satatlite
Tetavision.
GFi-Dp
Box 9108
Missouia. MT 59807

GRAPHIC EQUALIZERS. ETC.

NOISE eliminators, expanders, cowar metars,
others Twehw-24 bands channel equalizess from
$89.00 KIt see A-E 5-6/78, 2/80, 3-4/81. Calalog:
§SS, 856R Lynniose, Sania Rosa. CA 95404, (70
546-3895.

ELECTRONICS, PHYSICS,
PSYCHIC PHENOMENA

PSYCHIC phenomena explained, tearn 10 read
minds, develop abiuographlc memory and more
No.1 $3.50. How U FOs work. priduces spraling
lines of elec*lnoutl, arthcal gravity No.2 $3.50, How
o Transmute the Elements. the $scra1s been
arpund shce 1899 ND.3 $4.00. Prophecies of
Nostradamus over 80 prophecies. two showing the
destruction of the M.X., sxplains Diblical, my-
thoicgical mysieries, bast Inlerpr@anons around
Mo 4 510.00. Many atectroncs kits, modulated dodr
lock. ruby crystal 1aser, electromic bug devices. Justa
tew. Froa calalog. No COD, or charge cards Add
$2.00 postage, handiing. MIKE REILLY, 3520 SE
5th Ave_. Cape Coral, FL 33004,

BUSINESS OPPORTUNITIES

VIDED game repait husiness Start your own Infor-
manion/parts lis1 $5.00. BEST ELECTRONICS,
4440 Sheena. Phoenix, AZ 85032,

64K 6502/280 dual processor compuler
US$420.00, Hundreds Applemrrgmnble soltwares.
Details US$1.00. RELIANT, PO Box 33610,
Sheungwan. Hong Koag.

BUY direct irom Tawan'Hong Kong Details $1.00.
Relundable. TONY COLUCCI, 56 Ceniral Bivd..
Merrick, NY 11566

MECHANICALLY inclined individuals dasiring
ownership of small electronics manutactuning busi-
ness—without invesiment. Write: BUSINESSES.
92-R. Bnghton 111h, Brooklyn, NY 11225,

BIG e ELEC TRO~IC
PROF! ASSEMBLY BUSINESS

Sian nome, spam ume Invesiment knowkedge or
expanance unnecessary BIG DEMAND assem-
bling @lectom devied. Sales handied by profes-
Sienals Unusual business 0peorunity

FREE- Compiete Iliusirates lite:ature
BARTA, RE-O Hox 243
Walnul Greex Cald $4597

PROJECTION TV..Make 5555 assembling proy-
ectors...Easy.. .Results comparabie to 52,500.00
projectors...Your ictal cost 188 than $20.00..
Plans, 8 1ens & dealers miormaltion $17.50... Hus-
trated Informarion free... MACROCOMA GBX,
Washington Crossing, PA 1B977. Creditcard Orders
24 hours (215} 736-2880.

YOUR crwn radio station! AM, FM. cable, icensed,
unicensed, transmitter kitsl Write: BROADCAST-
ING Box 130-F10. Paradise, CA 55969,

BURGLAR alarms—booming business. Get in
now, Informahion package $2.00. DYNAMIC SE-
CURITY, PO Box 1456.F, Grand Rapids. M1 49501.
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RADIO-ELECTRONICS

=
L>]

CB EQUIPMENT WANTED

REEL-TO-REEL TAPES

INVENTIONS, woas. new ucls wanted for pre-
santaton lo industry and exhibition at national

PALOMAR:Pride elecironics—exciusive repan fa-
cllity. Service—update—mprovements on these

and simiar uipmant. PALOMAR-PRIDE RE- technol Sihon. Clll 1-800-528-6050. Arl-
;i\lnﬁ %204 rand. San Marcos. CA 92069 (#19) zona |- %458
4 ]

0L O wbes 2A3, 10, 45%, 50\;. 80, A%, 211, 242,

845 VT-52, WT-62. WESTERN ELLECTRIC EQUIP-

gAENT7S: B18) 576-2642, David, POB 8§32, M-Park,
91

"
—————

NEWSLETTERS

ELECTRONIC SYSTEMS NEWSLETTER is a
monthly pubkcation wniten & iadly for 1he elec-
tronics hobbryrel expenmenter mna.tmijp ects.
rew ideas, sources Free delails, AF PUBLISHING.
Dept. R2, PO Box 524. So. Hadley. MA 01075

O 8" nuaﬂ‘i“
_'cu. nli.lt\lh 3
woo O B SPETEOTY @GN B
Ffﬂz—qpy A il

Gl LR VE S

1984 Mail Order Catalog

Vancouv
K1Z 6A6 ary, Alberta V5R 5J7
{613) 728- T2A 5N1
(403) 235-5300 (604) 438-
/ your nearest Active store, call, write or ¢
the Reader Service Card for your copy of Active's new cataiog.
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AMPEX professional series open reel 1ape, 1800-or
2400-feal On 74nch reeis, used once. Case of 40,
$45.00. 10vex 3600 feat and cassattes available.
MasierCardVisa. VALTECH ELECTRONICS, Box
6-RE. Richboro, PA 18954 (215) 322-4866

CABLE TV

DEALERS wanted: Channel 2, 3 and 4 notch fil-
ters, Mon®y back guarantee. Send $15.00 for
sample and quaniity price hist channel(s).
LEE KURTZ, PO Box 291394, Davie, FL 33329.

" SINE WAVE PROBLEMS?

THE Strike Back Mode, $6.00. includes counter-
measures. Problem Manual includes ttouhle
shooting. alignment. anlenna connections. theo
improvemants, $8.00. Both, $12.00. SIGNAL, Box
2512-R. Culver City, CA 90231,

SCANNERS

SCANNERS—discount prices Bearcat BC-100
$279. 99 rcat 210XL $214.99; Bearcat 300
$335.99; Regencg MX3000 $186.99; JIL SX100
5138.99; JIL 5X200 $269.99; Bearcat 20/20
5$275.99; Spectrum radar detecior $214.99; plus
$3.00 shlppmg. Frae discount catalog. Lowesi
prces anywhers Oft scanners. radar deleclors, ma-
fne radio?, Iwo-way accessories. SCANNER
WORLD, 10-RE New Sootland. Albany, NY 12208
(518) 436-9606

INVENTORS! .

IDEAS have value! Ever think of an idea, brget ct
and soe i later on Ihe markel? Man OJ

forget. act quickly, and are reward

Industry. Wiita down your idea! We oifer tree dis-
closure mgistraton and intal consullabor regard-
Ing your Keas potental value, Call or write without
dal for ¢ free informalion package. AMER-
ICAN INVENTORS CORPORATION. B2 Bread
Slreet Da 1. RE, Westfield, MA 010860&4131
56B8-3753 Afes based marketing company.

coast to coast.

HOME ROBOTS

BUlLD your own peraonal robot. Worlds Ja largest
% ior of kitg, parts, publications. Catalog/phoios
refurdatie. Cesign Handbook $10.00 ppd.
ROBOT SHOP, Dept. 10, PO Box 582, El Tore, CA
92630

DESCRAMBLERS-CABLE-UHF-
TVRO

"SINEWAVE" TV descrambier, video and sound in
TV or ¥CR ete ki InStruchon Mmanual
ready [0 go $114.95 plus $610 S5 & H. “Fraa fI
Information.” CABLE SEARCHER, P.O, Box 1
Carle Piace Station. NY 11514,

DESCRAMBLERS
*H%ﬁﬁ;ﬁ%ﬁMN
C-1000 7 ZENITH TYPE

Dedcrambles "“over the anr’ and
“cable ¢ uppiessdd actve

willeo Ve 300 LA
%’f ,,Mvwwmm mn
Compitle €t C-1000K 274 95
Prnted Circut & Manual 495
C-100 / JERROLO TYPE

Cabhe Discrambmer for intand gaied
JUDOTRI N Sysiemy

Rucv ] %c 100 1 »
C-100K, 4.9

SEND 82 FOR COMPLETE (NFORAMA m! camoc 10
DETERMINE WA T TYPE YOU NE

4 &0 ENGINEERING
.0. Box 609

Buy 1 kit | Faimouth, Malne 04105
Gat 2nd kit
B YV2prles | soeciesduenity mricing

COoD's —OK

46 0 podunis ME AN D Cotad B M E Gubimied
SaT & =t 31650 g Gut DORILCTE whet B 3R ) sl 19
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WE HAVE WHAT YOU NEED AT
THE PRICES YOU WANT!

CALL TOLL FREE

1-800-Juk8

{IN OHIO

ELECTRONICS

TENMAR
3z DIGIT LCD

MULTIMETER

A DC Input impedance 10M ohm
B Diode and HFE Transistor tesls
A Ovarioad protection B Auto

"

For ipﬂ:lﬁ:ﬂtnonl e MLm Lliaiuy

polarity B 2 yaar mited Warranty page 108
3980 #72 320$ 95
.TMA“OCOMBINATION DMM/ LOGIC 2-WAY SPLITTER
CAPACITANCEMETER PROBE WITH
{With Transistor Gain Testaer} MEMORY

A User €8N waslly raad Voltage. AC and DC
current, reslatancs up 10 206 ohms.
cApacitancs up 10 20 microfarsd, snd HFE on a

B Wylti-iamily compatibll-
ity —OTLTTLHTLACMOSIC

cisar % inch, 3% digit LCO display :a“““ pulses a3 short ;
B 2 year limited Warranty &3 K nam A ging A Zinc diecasl conatruciion

#72-045 3699 $1995 :;t;z;;&azsuw 89¢
$74.95 each fodre) #72-190 #33-070 (e 10)

OSCILLOSCOPE MATCHING TRANSFORMER CHANNEL
PROBE KIT COMBINER
s o

B The 33-255% anables the
user 10 Combine &
channel 3 output signal

L TR
B 75-300 ohm mathing
1) dih: 10:1 (] translormer
1m|:ﬂg‘:itlh3¢15 mmgn #72-010 B UHF.VHF FM ¢
A Rizs Tima: 10:1 position 526 95 (14} #33.050 .

lass than 3.5, nominal

ftrom mn STV, MDS, VCR
or vigeq game devite
wilh mn sxisting MATY
$¥Stem containing adja-
cent channela 2 and 4.

B Kit cqr:ni:tin; 10° sarlh
ead. retractable hook.
I;.;g.tgp. inavincr 3:24 PUSH ON BALUN
trimn:in;p::;: (5-up) [ ] ?uriﬁk connect #33-255 9
matching
JI-WAY SPLITTER trans{ormer 60¢ s11 .25(1.9) (10-UR)
#33-010 (min 50)

> DELUXE CORDLESS
v o F-50 CONNECTOR CABLE CONVERTER
BY JERROLD"

° ﬁ B Altached W
#33 200 $1 7 #33-410 15 o
{min 10}

T . m-g@
PANASONIC® TYPE VIDEO BE SURE TO AT L e e,
HEAD CALL FOR 5 andCSA & h
@ YOUR FREE | e ]
5 120 PAGE plicé:::\plubi! with #ll cable s¥siems
#32. 180 CATALOG! B Jerrold” model #LCC-58-3

B Replaces VEHSO00!1 OVER 4,500 -
X il e $44 : ITEMS! : #32-380 389 9,5-,

batk machines

We Also Have...; wuine of test squipment TOrmS: - 310 mwsmum oroer 31 00 charge for s
COMPuler ACCesSOnss telephone accessones, Speahers. orors unaer 3 10
television parts, fiybacks, yokes Swiiches. fuses. lamps. & 5 = 20 maremum charge card crier

. y -[:1 = Qrders shpped UPS CO D

[as]

caparAors. ressrs, carr s, Syh. ware, CATY equipment, m
and many mora. Over 4,500 Items AT THE LOWEST PRICES - Mosi orders shped wiin 24 hous. - ELEC TRONICS o]
AROUNDI  Sales office open B30em lo 6O0PM oy goly oouis Park Divve o
Saurdays 10 00am 1¢ Jpm, EST Canternie, 45459 W

513-434-0031 SQOURCE NO. RE-2 b3
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THE FIRST NAME IN
ELEGTRONIC TEST GEAR

NEW FROM RAMSEY-20 MHz
DUAL TRAGE OSCILLOSCOPE

Unsurpasaed Guality st sn unbeatsbie priCe, the Ramsey oscilloscope
Compares (O others Costing hundreds more Festures InClude 8 COMpo-
nent testing Circuit thal will 810w you (o easily test re55t0ry. CACacilors.
digital circuits and diodes * TV vigeo sync fliter ® wide bandwidth &
high sensitivity ® internsi graticule ¢ high quality rectsngular CRT

® front panel trace rotalor ® Z su s * high sensilivity X-y mode @ very
low power COnsUMPNIOD * reguisied Power SupPly * bustl-in callbrator
® rock s0lid triggering @ high quality hook-on Prabes

39995
hook-on probes InCluded

RAMSEY D-1100
VOM-MULTITESTER

Campact and relisble, de-
signed 10 service & wide van-
oly bl equipmend. Foaturesin-
Clude ® mirrQr back scale

* doublo poweidd Precison
Mowng Codl » Aoubis Dver.
Io# Protechon * @n deal iow
CORtuni 161 the Deginne: Gf

RAMSEY D-2100
DIGITAL MULTITESTER

A compac] easy 6 U unkt
desgned 10 operaie ke & o
Featuring * 3% Jigit LCD » low
BAT indicator @ ail range over-
load profection & oworrange indl
CHNON * Juto-polarity ® Transis-
tar (asier = dual-Slopd megre-
Hon * vinyl carrying case

included

a3 b ypare back-up unit,

$4995

tesl loade snd battery

$5495
o

CT-70 7 DIGIT
525 MHz COUNTER

Lab quatity a1 a breshihrough price
Fenlures o 3 f[réQuancy rEnQes &ach
with pre Amp & dulll ssiectable Jate
fimes & gll BCLvity WhdiCalor

* 50mV & 150 MH: typical sengitraty
* wide frequency ranga * 1 ppm
ACCurscy

311995

wired includes AC adapter

CT-Mkit...
BP-4 nicad pack

$59.95
895

CT-90 9 DIGIT
600 MHz COUNTER

The most varsatie for less than $300.
Fratures 3 asinciable gate limes = §
d‘gl;f‘n. te indicator * laplay hold
- W @ 150 MH2 typical sensitivty
o W0 MHZ imebase tof WWV calibre-
T ®* 1 ppMm BECUCACY

514995

wired includes AC 8dapler

CT-20 kil
OV-10,1 PP oven hmebase
BP-4 micaa pack

. 312995
9s
095

laol lends, ballary & vinyi
Ing chew included

CT-125 9 DIGIT
1.2 GHz COUNTER

AD il counter that will outpariorm
units costing hurkdreds more « gale
indichtor @ 24mY @ Y50 MHI {ypical
sentithnty & 9'{:;Plt dinpiey » 1 ppm
&ccuracy * dy

with preamps

$416995
wired inctudes AC acapier
BP-4 nicad PaCK .

RAMSEY D-3100
DIGITAL MULTIMETER

Reliable. accurate digitsl
Medsuremen!s 81 A0 Bmaz-
ingly lowr oomt * In-ling COlOT
codded push buttony, speeds
range sHecuon * Aba plasthe
1t stand * recessed (Ngul
ks * overicad Drotection
onall ranges * 34 digit LCO
dispiay with Buto Zer0. Butc
polarity & low BAT. indwcator

$5Q95

tes! leady and batiery
included

ay hald & dual nputs

wind Bostdn
-

CT-50 8 DIGIT
600 MHz COUNTER

A vervalils iab bench counter with
oPtional recelve 1réquency adapter,
which wwrns the ©T-50 into » dignal
readout of Most SNy receivar ¢ 25 my
@ 150 MHz typical sensitivity * B digil
display = 1ppm accuracy

516995

wired

CT-50 kit .
RA-1 receivar adaptoer kit

$139.95
1495

DM-700 DIGITAL
MULTIMETER

Protessional quality ai 8 hobbryist
price Fedlures inciude 28 oiflerent
ringes and 5 flunclions « 3% i,
inCh LED dispiay * automatc CeCimg
Plscemen] * Miiomabc polenty

$11995

wired iIncludes AC sdapler

D4 TOG kit
MP-1 probe 56t

PS-2 AUDIO
MULTIPLIER

The P$-2 13 handy tor high resclution
AU resClubon meaSuremenis. Mul.
tipdies UP In trequency @ great fior PL
Ione messurementh o mulliplies by 10
Qar 100 * DOTHZ resoiulun & bunl-in
signal preamp/cCnoiioney

$4995

wired
PS-2 kit

R
PR-2 GOUNTER
PREAMP

The PRA.2 8 deal lor measifing weak
sigrisds from 10t 1,000 MH2 » (a1 23
ol gan « BNC Connectors o great for
smutling RF @ (dral recever/TY
reAmp

$4.495

wirad includes AC sospler
PR-Z kil

PS-1B 600 MHz
PRESCALER

Extunds the rar:je of yowr present

countler lo 800 MHzZ * 2 stage Preamp
» gyl bzul()(:ll’culﬂ"‘ * senulviny:

25m¥ @ 150 MHzZ = BNC conneciors
* drived ANy counler

$5Q95

wired ingludes AC aolpler
PS-1B kit

ACCESSORIES FOR RAMSEY COUNTERS ‘ . JEVAR < 1) e

Telescopic whip antenna—BRC plug 5 B.95 ] ™0 104 $ur Ay
PHONE ORDERS CALL

Highimpedance peobe, light I0ading 16.9% + arders ynoer $15 d§s50 « NY
716-586-3950

LOw pass probe. audio ute 16 95 warrdnty O0n o ksth o |yt Q0015 & Db w
Direct probe. general purpose use 1395 RAMSEY ELECTRONICS. INC.
TELEX 466735 RAMSEY CI
"CIRCLE 79 ON FREE INFORMATION CARD

ed » endmine .
shipp
= CO0 aco §
wa
nty an ¥l w

COD i gnly|
TR parts

Tht bail. tor CT-70. 90. 125 3,95 2575 Baird Rd.
Penfield. M.Y. 14626
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RADIO-ELECTRONICS

Py
[+
&

THE FUN STARTS WITH SHACK' PARTS

Giant Selection! Personal Service! See Before You BUV!
voltage Regulator lcs/’ Monolithic Ceramic » Quality Transformers
Capacitors ]
Type Adjusiable Cat No | Each 50 WYDC For Audio
LM723 | Oto 40 VDC 2761740 9 NPO, £ 10% = Z51), +20% .
il aiRip3voc | greizze ] are N aaiTe erasnons Do i
L .
pale Coetticienm | Ca1 No. ] e coupling and moce. 500 10
Type Fixed Output Cal No Each 10 pF NPO 373151 ] 59 ohms Impesdance. 100-
7805 +5 VDG 276-3770 | 159 100 pF NPO 272.152 | 89 ,’“,:',?‘:3’;‘5'”'““ al 250 Vzofsi
7812 + 12 VvDC 276-37T71 159 470 pF NPO 272153 £9 : 5
7815 +15VvDC 2761772 | 1.59 1000 pF 75U 272.154 69 Audic Output. 1000-chm center-lapped primary
7905 -5vDC 276-1773 | 159 4700 pF ZsU 272-155 69 B-ohm secondary. ¥4 % S/ */v” 273-1380 . . 1.29
7912 -12VDC 276-1774 | 159 02_} u:_ §5U g;?g? gg
, [l SU +1 o
: = 1F Z5u 272158 | 79 Toggle Switches
Operational Amplifiers
P P ik Micto-mini. raled 3 amps at 125 VAC.
: Ceramic Disc ﬁ Body: /4 x %18 x 14", Mounting
Type Cat. No. Each capacitors el e kil
?:;8 (Stiggi;] gmj’ gg ’ l Type Cat. No Each
1 ual) 76-038 . . No.
Lm324 {Quad) | 27641711 1.29 | spst 275-624 1.49
TLOBZ (Oua)) | 2781715 1.89 ’:? :;_1:: "":z :;1 f;_:; "":z! SPDT 275-625 159
TLOB4 {Quad) | 2763714 2.09 e S il st [ty e DPDT 275.626 1.89
TLC271 [Smgln] 2761748 1.58 100 %-123 N m Frsahl] » |
TLC272 (DuaI] 2761749 2.19 .| 124 b -] 05 T r. | o o
TLC274  (Quad)| 2761750 | 298 am s | w | |1 (@] & | Communication ICs
LM3900  (Quad) | 2761713 1.29
71 1 =
A330 _Alat) emiiz L il Tantalum Capacitors 33% e
- 5.95 Each
4000-Series CMOS ICs s B Off
Description Type| Cat. No. |[Each For RTTY and Modems
Qund 21nput NOR Gata |4001(276-2401| 99 gi wﬁunc | 2'3‘2' ’82 Each XR-2208. FSK generalor, 276-2336 . . Sale 3.99
Quad 2-inpul NAND Gate |2011|276-2411| .58 ot = 2;2::‘33 :g XR-2211. FSK Decoder. 276-2337 . .. Sale 3,99
Dual Type-O Flip Flop 4013 | 2762413 (1 19 10 % 72.1434 49 =
Decade Counler/Divider [4017(276-2417 |1 49 23 % 2721435 59 CMOS and Bipolar
Inverting Hex Bufter 4049 276-2449 | 1.19 10 16 272-1436 63 Timers
Quad Bilateral Swilch  |4066]276-2466 [ 1 19 | 22 16 2721437 79 119 W
— — Low As i1l
TTL Digital ICs Mini Buzzers ~ i TLCSSS. NEW! Silicon CMOS sinks 100 mA,

With Pin-Out and Specs

® Little But Loud

sources 10 mA. Very accural#, yet requires
smallet, less coslly capaciions. 2to 1" YDC. smqle

T - 1a" - supply. To 2 MHz. 2761718 ... ., . ...
?:‘; 20?:1x1 Ea:: ® 1'/1a" Mig. Centers Bipolar. Resetiable. 1 uS to 1 hr. Source or sink
5 276.1802 58 OC Voltage Cat No Each 200mA 4.5 10 18 VDC. .
7408 276-1822 129 1.5-3 273053 1 69 Dip | Cat No. | Each
7447 276-1805 159 & 273-054 169 {Slngle} 8pin | 2761723 | 1.18
7430 276-1808 1.08 12 273-055 169 56 (Dual) 14-pin | 276-1728 | 1.49
Technological Breakthrough! Engineersic
Autoranging LCD Multimeter Mini-Notebook
Engmeer’s
7995 ® Auto Polarity Reverse Only i ey,
a Auto Power-Off [um:r A
Radio Shack’s advanced lechnology j
DVM "“thinks”. Just select the funclion =
and it aulomatically selscts the range! Reference and habby book G
Nen-glare ''/1s" display, adjustable view- covering versatile and | memem

Folding Case

ing angle, “'beeper” for fas! continuity

tests, range-hold swlich, diode/

semiconduclor junction check. Mea-

sures DCV to 1000, ACV to 500, 1o 10

amps AC/DC, resistance to 2 megs, Re-
quires two “AA" cells. 22-193 .

79.95

Enginesred for Excellence
We've been brnging the latest In electronic
technojogy to the marketplace for over 60
years. Our Advanced Technolcﬁy smblem Is

your assurance that thli DV

represents

the atate &l the art In tachnology, outatand-
Ing quality and prica breakthrough,

558 integraled circuits, 32
pages. 276-5010 . . ., 99¢

1 ]
A DIVISION OF TANDY CORPORATION Rad lo ’ h aek

Pricat npolv g1 DErCIOaling Rgdln Shack dioras snd deslern
WWWW americanradiohistorv comm

Installing
Telephones

595

lllusirated

Installing Your Own Telephone. A com
lote do-it-yourself manual with numercus
igures, schematlcs and pictures. 150

pages. 62-1390 . . 5.95

OVER 8800 LOCATIONS WORLDWIOE
CIRCLE 81 CN FREE INFORMATION CARD-
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sh these sad:
ng Life. low resistance
wide range contacts
t accept combinations of
istors, capscitors, diodes,
nsistors, {.C .8, at¢. with leads
012 - 032" or 20 - 29 AWG.
oar, pasy-to-read-and-identity
tact markings simplity layout.
ring and documentstion. Socket
3 are labeted 1+10- 64, and columns
& marked A-to-E and £-10-J. Maling
S5 strip rows are labeied A-to-D and
nsist of 25 contacis each.
Boid red and blue lines show where
© coniscl sirips begin and end.
Finally. we have a tull line of breadboard-
tng equipment, from discrete sockels and
buss girips 10 Mylti-board assembles,
available at comparable lower-than-low
pricea.
tiook et all these EXTRAS bukt Inlo
Y HANDY tesi socket and buss sifip...
sl conincl iabeling... s
Tiplities clreuil designflayout L
At-schesive backing...for ane-siep
nplified alighment and mounting
il 9 14-Pin I.C. Capecity
ipands boih horlzonisily end
eticaily . interlocks can’t break
twisi off Here's how to order...
igh lsmpereiure plastic housing... HANDY Sockets and Buss Sirlps
80° C...no warping Part Sockst Buss Ground Tie 14 pin
t relting evert Number Sirips Sirips Flale Feints IC's  Price
fices stwaye up 10 25% less then HB-0100 N/A 1 no 100 N/A 225
har laading brends ¥ HB-1000 1 N/A no 640 9 8.85
S HB-1110 1 1 yes 740 11.95

g
~ HB-1210 il 2 ¥es 840 9 1395
HANDY Breadboard Assemblies

Part Sockel Buss Binding Tie 14pin

Number Sidps Sirips Fosts Points IC's Price
HB-2112 2 1 2 13860 18 2485
HB-2312 2 3 3 1960 18 31.00
HB-3514 3 5 4 2420 27 4795
HB-4714 4 o 4 3260 36 63.85

Mall Crders: Please add 33 {Canada & Int' edd $5) lo cover cost of
shipping/handling. Charge Carde: {in. 515} Plesse include Acctl No

Exp. Oate, Bank No. (M/C only} and your sigratusl. Checks: Crawn in

U Dollare on UB banks only  Connecticut Rssidents: AdS TW% SelesTax

= f

&

To order...call 1-800-34-HANDY

...charge with VIS A or MasterCard.

| 8 division ol RSF Elacironice Comp.

_ :¥:_ :" Drive » F.O. Box 699 » Brantord, CT 06405
3) 488-6603 » TWX: (910) 997-0684

— Kk Mail Box: 62537580 ¢ CompuServe: 71346, 1070
. - . a8 ;ansdian Distributor inquiries welcomed

CIRCLE 43 ON FREE INFORMATION CAS
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74LS00 74500

74300 BT P11 T 110,
141500 2N n 74802 34 s 10
141801 2 L 14803 M 100
TaLsNE M4 74304 34 TSI iT
T4LSDI 2 s 1308 4 U M
COMPUTER T304 27 ann 74300 LTI THT || N ]
PROOUCTS. T4L806 24 s 109 b TR TTTT tan!
lne T4L800 17 LN j . 14018 T T T] 1.90
HLs00 28 T2 : ; 3 | M TN .90,
ORDER TOLL FREE T4 & T TTEIT 2] y : 24515 ETEE I 144
T4 4 s . l ] 74520 T 1111 144
T2 M LS8 i 14822 ST TP 144
( B n n ] 14181 A4 Tusm : ] | T4520 N e 144
T4 LTI AT} ; 1 1 14332 M Tes20l (1]
LIS M TR . ) ' Tm a1 TS 790
5 3 B - B B n n T4LE20 24 TsH0 v F i 74800 N TR TTYIT] 11§
T4Ls21 20 L . D T YT ik
TLs22 b} ;um: 14851 34 TSN L5
HLN by s . 4 4004 RTINS 111 5 1Y
e uu M st _ , 4888 TR TS M
n 741520 TR TTEY T : i 14014 A1 s} I
TALSN 2 TiL247 : ] ; s (W TR FTIT) 4
L2 20 JLsH d ] Tisee A 48260 bl
B 4 B - B n n B 7480 B TaLdzde : 212 A0 ST T L%
741307 A Talezn / ; 1N AV ls218 19.96
LN A L2y / - TasNd 54 200 L0
T41340 24 T4L826T7 MIEE LTD Tas207 10K
T41842 AV T4LE268 1M 1 I 1.0%
TaL847 4 LM 143122 A unm .4
TaLse T4 nLs2M0 SN A1 nsan 880
T4L340 Kl T4Ls208 743125 n 148313 240 |
STATIC RAMS 740851 2 LT 740138 M T 240
TiLese 20 TSz 743138 LTR ITTTY 740
196 1 4 1450wl 1.9 T4L3Hb 20 LN | : T48140 L TO TT3TT 1.90
Folii e b | LTTC N N R TTTTTT . | B M T2 n
Thte s | okt u (ff Tasie 30 T4Ls20 (LTS I TR P a9t
143 Tl A T4s167 M N 490
ey s 20 0 T481M (TR 7T Y311 Ty
= [ 70878 A0 L8208 TSI 100 Tatam 15.20
1824 & 4 250w LI nun AV s : 743102 190 743570 290
o 3 hml L1 15 | 1un 59 U . | 8000
iR Rl s e ann _
241 sis Ml TLsae A AL . j 5035 ...... 50 mosy .. ... (T
A1 3 1 (55l 4m 1 Tise0 54 TaLsas? e 8029 ...... ESD IS ..., 890
prfil WM uun o s ' : ’ (N5-9080 . . 1N95  guss2 . 1ae
R T™ 443 T4z 54 uLn : INS-B073 ... 4N95  gygp 840
1024 2 0 Rldwml 741393 T TTE31 Y] . i 7 0w . in 1 2005
L B s 1 s : . : y 0E6 . 500 S 2
THNZOTESE 2840 1 3 {1 50m) LN 4 . B086A-2 TYTILLL o S | £ |
THWZOTR-100 2040 1 0 {IWbwl . 7Ls0 A i . . ee A0 it T
AW IB i B [M0bm) owes) uisIr 3 s . 088 ... 2048 eeees IS
I E L - ETCTTT IR TR TSP : i 0087 ... 10900 BT . 4098
HHIH® tor e s Ponalkimel 330 U TA3TN2 30 48T : : 00 T XTI T RO ° T |
itirt s ohnmen o s |
" i TN n 8202 95
VREIOAIS  BOOT b o) MBIz 4 s ] 8800 8203 1111 3898 15 MHZ
ONNZEALE-1B 0192 1 6 (I Hm] e T J1 N . . H S%‘,’;‘ . 78 men Loet
(P =lowrvme  Bint = bout e ;4313: u: ;:::::: : iy ' 8214 . 80 e
U812 't : D i il R
DYNAMIC RAMS uIze 4 890 . W : ; 8224 ....220 et R
L2 59 LM ; I R lales B ::}:
™EbE TALSIIY B8 HLSMIE 1ses SRl e
rul 813 00 Tasaee Ne man 169
BRLIIL im B 48137 88 TN T
(TTH T T4LE130 54 LS 18.85 40 MnZ .
) L/TIE I T TR TTY 3% manm . n
ik [ 3 IMLLTT | ]
A LIS e L T.90 LT e
: 4T 245 SN0 445 SR uEw
g V534 1 | AS0) fir G0 10 e 3R Bum . am
AE0i-14 $3534 1 1 (150l b : TALSIBN 54 7415080 » e'm FCTE T R T ]
3 oA IMa-3th i1
W = Gagh § 7o Sappy T4L818) k 1} TiLSESY . 5.88 1815872 . T
LIS 186 TaLseTe Taey  IMKEee L iEW
EPROMS MUMES B0 T4LSET4 13895
1941 6 il TANSE 40 Taisedr 28.05 5.0 MHZ
1024 1 8 (4] by - TS B TSR 3 nmcm. .
e p) (U TE R TR TP TT .B.a8 IMROE. LI
1024 1 B |4Him] [5d . " Mk 105
2840 1 4 HY baal (3ol TALRIGD 80 TaLSERE G e R
1448 1 B (50| i MU 8 Tassn Pyt
- Bl s usm B e 06
409 1 3 [13hmi (341 PETEILE] 8 U ; : 8288 ... 2400 L um
4980 & 14 T 80 IS5 . s R - R
- HUIBS M aIlas :
S0t 1§ bt . 740186 190 BILSST : veees INTERFACE CHIPS :
:}:} 1 1‘ m ::: L8180 X L8 ’ ; g‘l’!"l' ..... }:: ,T.,:".I_ z.g
2 LITETT TR 2hLs2821 I e 00 B ERTH ... Mol ...
T .-.nus MUT0 148 25182568 2 | 5 s o o 0P34 ... 224
mn 1038418 Ll (R a0 0eds ... 184
- et 32000 ATATIEE TR TTTT]) ¢
Ir = Do § Tolt Suppiy
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DISC CONTAOLLERS

M 1405 2707 ... M85
L1917 2 2305 S8 . 305
I8 L nH ... s
B0 ... 4485  urbres ... MAS
1797 ;hEce 095 manege ... 2005
2 AL N LI | 1] Fy R L Y L
799 =5 AS 1801 ... 18.95
2195 ... M85 Rl4D . N70S
CRYSTALS
15000 MNz.... 149 1M un:. .. 10

18452 MMz, ... 108
10800 MNz. ... T8
LOSTE MNz.. . LY
2457 WN: .. LEB

100000 mil; ... 28
[T RE L N LT ]
120000 mi: ... 230
143182 mi ... 200
o4 Uz, .. 100
130088 ml; ... 208
A
g MNH k...
LR TP TR
ki ;',“Ul L LTI i |
e SOM ML: ... 150
L2000 Mas . bep  ELIIGANE 20N
L7141 MMz, 240 JISN NNz . 24
#0000 MKz, ... 240 DB NN 180
RI1440 Wz, 200 00BN, 2N
Sd4000 Mz, 80 s mmr... 20
DS506 Mpz, .. 280 00000 mi:. 230

12708 Ktz ... LM
CAYSTAL CLOCK USBIUI'ITIRS

PART WO, FREQUEMEY MICE
1.000 1.0000 MHx 985
1.843 1.8432 MH2 9.95
2.000 2.0000 MH2 9.85
4,000 4.0000 MHEz 9.95
8.000 8.0000 MH1 9.85
10.000 10.0000 MH1 9.95

18.000 18.0000 MH2 9.85
8.432 18.4320 MHx 9.95
9.880 19.86608 MHx 9.95

20,000 200000 MHz 9.95

32.000 32.0000 MHx 9.95

VOLTAGE REGULATORS

{11 et TSR | |1 ) (RORus T

TOMOSC...... 34 TeONT........ M

woeT........ M mHIT........ W

IR i )

19041, M

T905K....... 144

L T 144

008K, ... 144

MME....... 14

TOLD5TRENT T

nue.........n

MUb........ .78

LE32IK ..... 490

TOIZE ... e CAZSS4N. ... 19D
C,T=TQ-220 K =1'O-3

L=TO-92

DIP SWITCHES

4POSITION ......cccvvaeee... B4

SPOSITION ......reevvnnseeas B8
B POSITION - f s sy aee e .89
78 PO S| TTIEY N =T B4
BYPO S T I OIN . o s i R}

IC SOCKETS
1 to 99)
§ pia g7 NH tpaww . 8

4 pngy.. ... M lpaww . .
Iépiagy..... A6 1Spaww .. 28
IBpagT..... 19 19pavw® .. B
WHe Y. ... 20 WpaWW... ID¢
ey, ... 2xpeww... I8
Mgt .. .20 Mpewwy.. W
e gy ... M peww 1M
pagry..... 4 uww... LM

ST = Soldertall WW = Wirewrap

ZIF SOCKETS
18PN ZIF.oiiiirnninicannas 5.90
24 pin Z\F.i.ai i swiadae e 7.90
20 pIN ZIF. . eevverniiannns 8.90

ZIF = TEXTOOL (Zera Inssrtion Force)

1984

THE IC MASTER
Your ticket to fast and
easy IC setections

1S 89.°°

IBM Expansion KIT
Upgrade Chlips
4164 200ns 9 @ 5.45 ea.

microm ax

VIEWMAX-80 1409

® 80 Column card tor Apple I+
@ Video Soft Switch

@ Inverse Video

& 2 Year Warranty

VIEWMAX-80e 12095

® 80 Column card for Apple IIE
® 64K RAM expandable to 128K

84K RAM Upgrade 43.%°

QUV-T8/1
EPROM Eraser

QUV-TB/1 Economy Model:
Low com EPROM eraser in plastic #n-
closura, Tha UV element i in the I
and you place the EPROMS Inthe bol-
tom half. Mo tmer or swich ophon.
® Ersaroop o B EPROAS a 16 - 20 minvins
@ 12,000 uwatts st 1" distanca.
4 90-Day Warranty 49 25

The FLIP SORT™

The new Flip Sort™ has all the fine
qualities of the original with some
added benefits: a rew design
and 50% greater capacity. Holds
75 diskettes and thwe price is now

lower than ever— s-l 8.95

L

ATHANA BULK 5"

DISKETTES
{HND LABDEL)
$3/00 ... 1690  $8/D0...10/14.90
08/00 ... 2280 100wp — CALL

APPLE ACCESSORIES

80 Column Apple i+ ... 140.95
80 Column Apple lIE ... 129.95
ZBO Apple 14
ZBO Apple IIE

38730, 1680

Cootlng Fan
Powar Supply

RF Modulator .

Controiler Card
APPLE COMPATIBLE
DISK DRIVE

199 1

» Shupar mecharssm. mace in USA
& Directly repinces Appla Dk 1)

 Fulty compatibie wth Appla Controller
o ofher ADDIS compatitie controden
a One Yeur warranty

CONTROLLER CARD... 58.95

COOLING FAN
38,95

liﬁ

APPLE COMPATIBLE
POWER SUPPLY

T4

-

® Powars APpPle type systems

* 45V @ 5A +12v @ JA
—5v @ .SA ~12v @ .5A

# [ncludes instructions

The Fllp Sort PLUS™
The new Flip Sort PLUS™ adds
new dimensions 10 storage. s
smaked acrylic elegance holds
ovar 100 diskettes with all the
leatures you expect from the Flip

SotFamiv—  $24.95

)
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APPLE COMPATIBLE
JOYSTICK

29+

16K RAM Card - Apple li+
® 2-Yeur Warmanty

Assembied & Tesled .... 3995
For the APPLE HOBBIEST

DoKay KITS:

18K RAM card

80ColumnCardli+... 89.95

80Column CardIE ...E9.95
KEYBOARD (99/4)

48keys 4”x10” 6.95

Reg. Power Supply
Model 4A/PS (99/4)
3 DC Qutputs:

12¢ @ 4A, +5V @ 1.1A
=5V @ .2A Highly Flitered

TERMS: | My 0.0

F¢ fing and handhing, inciude
£2 50 tor UPS ground or £3 .80 tor
UPS Blue airl. For each addtional
arr pound. add S1 tor UPS Blue
shippng ang handiing, Calfomia
residents must include 6% sales
tax, Bay area and LA resigents n-
Clude B sdes lax Prces ae
subject to change wathout nohce.
We are no! responsbie 1of typo:
Faphical evrors. We resenve the
nght to iwmt quantitses and 1o sub-
stiute mamdacuers Al rner"han

dise subect r
LUM Quotes

HDURb Mon = Fn 7301
Satwrdays 1000t 300

VISIT OUR RETAIL STORE

2100 De La Cruz Bivd.
Santa Clara. CA 95050
{108} 988-0697

ALL MERCHAXDISE 1§
100% GUARANTEED
40

DoKa
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ROBOT /DRIVE

495

ISSI..J

0C TO OV

with sy

OSCILLOSCDPE
HIGH PERFOAMANCE SAMPLING SCOPE. Litco GS-1 will con-
vert. with a simple exiernal connection, dny DC scopetoa
high pecformance samphng scope it wili outperionm for
repeistive wave!orme. 3Ny Conventional Scope regardiess
of prce. Risa tima 1500 max. Bandwidth OC 10 well over
1000 MHz ISetul to several giganerrz Tume Dase - 12
steps from 20008 to Tusidiv Noi3e or Signa) Sbbet J1ons
OmY mas Input signal range 1 ¥p-p, 100 ¥p-p with X 10
Probe attpnudtor sold balow Ramote achve $amplimg
Mobe with 10 Meg. 10F input Stabig togoer with slape;
and level controls. Manual sCan tor X ¥ plotter oper afina

Ouality construction with all BNC coonectors Internal
fused pOwel supplies

TimE DOMAIN REFLECTOMETER (YoM GS-Y can be
combined with Litca $1-1 100ps, 2 v @ step genevator o
form a TOR - a pawertul tool for analysis of UHF, YHF 8
miciowave stnplines. coax cables. antennas L networks
MICROGPAQCESSAR INTERFACE I X voltage i imprassad on
“SCAN W termuinal of GS-14DC 1000KH: ratel. ¥ voitage
will apptar on "VERT DUT™ termindl for any wavetoim
observed Ideal for digrhizing of vollage. trequency. delay
& risefime in MITOM OCessor based test Systems

G651  Gigaheriz SBmpher 43 00
PA-10 X10 probe tip atiendior 200
ST-1 100 pe. 2 ¥p-p slep Gengrainy 19500
Baoklel - Sampimg. TOR. GS-1 4 ST.1

theory & applicanons

Shipping, handling & insurance

Check or COO INJ 163 acy 6% Sairs Ll

LITCO SYSTEmS. INC. Bar BO. E Heneyw. BJ OTE
[T17) 605 TH3S

S CONNCECTON

99”‘ 10/*9
/79 woe/ 099
< ELECTRONIC BARGAINS ™.}

IF vou'RE MOT ON OuR BMAILENG LIST. YOU'RE WiSSING OUT -
STANGING BuYS On THE FInEST 18 ELECTAOMIC MARTS FOR
™E BUADER N d YEARS OWER 250,000 WCABTISTS WAYE
OHSCOVEAED WHERE TO FinD uSEFUL, UNIGUL O DOWNMIENT
Sraeanii ELECTMONICS AT givEamar PRICES

RAY RGT SEND FOR OUR CATAI 26 TOCAY—=1T § FRIE!

4>IAMDNDBAC‘.K

ELECTRONIGE COMPANY
PO BOX 12095
SARASOTA, FL. 33578

Phone Orders (B13)953-2829

conTINENTAL u5 ADD "1 &0 FOR THE FIRST LB &
o

COMPUTER &84DE
CArACITON

4500 MFD
ﬁ 50 WVDC
< 21e2 ‘21

LARCL RN

TP LTS MeLAr Tap Le b
ST -

1h12

g FOR EaCH ADOATIONAL LD FLA ADD 5% TAX.
WEST COAST ADD *1 B0 Fduk THE FIRST MOURD &
30" FOR EACH ADDITIONAL POUND

MAIL ORDER *7 MINIMUM

COD & CREDIT CARD *i5 MINIMUM

CIRCLE 60 ON FREE INFORMATION CARD

NORTH AMERICAN SOAR corporation
PEN-STYLE DIGITAL MULTIMETER

*49.00

Freq. 2.1 to 2.6 GHz . 34 db Gain +

COMPLETE SYSTEMS
(as Pictured)
Commercial 40

Rod Style § 9995
Parabalic 20"

Dish Style  § 79.95

COMPONENTS

Oown Converters

[both types] $ 3495
Power Supplies

(12V 1o 16V} S 24.95

MODEL 3100
GREAT PRICE

NEW!
Hand Held LCD Dispiay - Fast One Hand Operation

SPECIFICATIONS:
Owpley: LCD 3% d+04s ma g
Aange: AUD renging

FIVE YEAH WARRANTY
PARTS & LABOR

D of 1995 Ny Catnfr Basill-an

Data Info [Plans)S 995

Poipnty AT MO el 30N OF pOMTve DOBY MinLs g0 K negalve polarty
Owarrarg® inde: shon MBS | OF o) dCation

Osin Mokl Data Foid s 89 riogins wnh hod Swelch On

Low Batwry incdktaton “B Miirl oapiayed wham DAIKTY $IOPS beiow TR AINg vOILAQR
Bampling 2 Turas Sicond

Power Tupply. SA 44 oanery [T 55v) X2

CALL OB WRITE FOR
KITS. PARTS. INDIVIDUAL
COMPONENTS

Foer $ S We Repair All Types Down

Slaw 87 V% L thrss orobe bot) nciudes W end ™ probes Converters & Power Supplies

Add $2.50 For Shipping | ] SR
- s*rocxmc; DISTRIBUTOR ! & Phl"lpS-T&Ch
- km Kcs ELECTRONICS Electronics
2 CORPORATION P.0. Box 34772
5 SEMICONDUCTOR PARTS AND PRODUCTS Phoenix, AZ 85067
H 1043 N. STADEM DR (502) gﬁ?.ﬁg?z
i Tempe azeszer (002) 967-6945 SECERIIJOALY pricig
ot a e

Call or Write tor FREE S M

é Semiconductor Parts & Products Catalog D = m
130

CIRCLE 83 ON FREE INFORMATION CARD

CIRCLE 29 ON FREE INFORMATION CARD

WWWwWwW americanradiohistorv comm


www.americanradiohistory.com

¢ pinecom"

64K APPLE Il COMPATIBLE
ASSEMBLED AND TESTED

NOW ONLY 539900

DISK HOLEPUNCH

CONVERTS YOUR
DISKETTES
TO DOUBLE
SIDED.

5899&lch

HEAD

DISK DRIVE
HEAD CLEANING KIT
for 52* DISK DRIVES

SALE $1 300mu

PRINTER by Super-5

Farallel Interface (Contromcs Compatible)

Stancand Microprocessor

Electronics
S0cps Badwrectional with
Logi Sesiang
96 Character ASCI
Model CP-BO .

Adjustable Sprocket and
Frction Feed

’265%

MICRO:Il COMPUTER
100% APPLE COMPATIBLE

< 340"
Wy 399"

COOLING FAN

WITH SURGE

= SUPRESSOR AND
2 QUTLETS

SALE PRICE

539009\(:"

AC POWER CENTER

WITH SURGE-SUPRESSOR

6 QUTLETS
% 4 CONTROLLED
”2 UNCONTROLLED

*14°,.,

PR

DISK DRIVES FOR
YOUR APPLE

SUPER 5
T-40 SLIM DRIVE

ouR pRicE *175%

ALPS-A40

SINGLE SIDED DRIVER
HALF-HEIGHT

OUR PRICE *150%

-

g MSCI
z FULL HEIGHT

MOOEL A2
SALE *190%eack

S

ASUKA

HALF-HEIGHT
THE MOST QUIET DRIVE
IN THE MARKET

sae *198"

12" Green

HIGH RES

MONITOR
with
NDN GLAHE SCREEN
GDRILLA
. 59900

Monitor Cable $3.00

ot S

TILTABLE MONITOR STAND

M 30>

HEAVY DUTY
JOY STICK

METAL CASE with
2 MICRO SWITCHES
for APPLE H + or IIE

SPECIAL s1 995

DISK BOX

HOLDS 100 PCS.
5% DISKETTES
WITH REMOVABLE
TOP ANO LOCKS

$1 495

A

Ly

FORMULA INTERNATIONAL INC.

Fo+ miormaton 1211} BFE-192) + Omnu um-, {outside CaMl ) Incol 281

M I & g v mars gt (OM
Pl v OAIerEd trade murs Of Dagitel Rrssarcs

SPECIAL

MINIATURE
COMPULTER CLOCK

*LCO CLOCK WITH
TIME AND DATE

AN IDEAL GIFT!
BUY 2 FOR

ONLY 5900

awthorree, CA B0

&

CIRCLE 76 ON FREE INFORMATIDON CARD

THE BEST PRINTER CARD
GRAPHIC CARD by:
PRACTICAL PERIPHERALS

- SUPPORTSE ALL KInDS
OF SCFTWARE
+ BUPPORTS MOST MAKES
OF PRINTERS
* DUMP GRAPHICS

ouR price > 7 6%

COMPARE OUR PRICES ON
APPLE COMPATIBLE PERIPHERALS

AUTOTERM ) COLUMM CARD wSoft Swnch _
W COLUMN CARD (Videm Compaiibia)

SOFT EWITCH fo¢ Videx BG Column Card |

IS0 CPM CARD,

1BK RAM CARD (Language| Cabless .

GRAPHIC PRINTER CARD (Support most Priniers).
PARALLEL PRIMTER CARD

SERLAL INTERFACE CARD (RS 237) ,

SUPER SERIAL CARD (Commumecaton Card) ..
DISK COMTROLLER CARD {Standard)

CIsX CONTROLLER CARD (32, 3-3 Auta Seiect),
EPROM FROGRAMMER CAND (lor 2716273212764}
126K AAM CARD (Satum Compatible)

TIL ) TESTER CARD (for most TTL IC .

RGB COLDR MTEAFACE CARD

PAL TV INTERFACE LAROD Itor Eurcpean Tv] .
COPY CARD (Whdcard Compatsbie)

SPEALH SYNTHESIZER (SAM Card)

5309 INTERFACE CARD .

CHINESE CRG GENERATOR CARD.

5032 ML:DOS CARD

WML DE R
i oedery acrapi

SHIPPING AND HANDLING CHARGES

RF MODULATOR

My you W connecl your
compuier 1o your Jelewision ¢
CH 34 Selectabie

—— g

Al CA Mewdens. &4 4 P Saw Thy
e ard 0%y Mo S0IET

STORE HOUAS
Mon.-Fri 10am.7pm
Sat. 10am. Gpm

FLIABE mOTL & 1IN

Chewe Yol DT
Purchanr
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Commodore ProModem 1200 Fiberoptics

RS232 ADAPTER FOR vy Intelligent 300/1200 Baud EW' The EDU-LINK Learning Kit
Telephone Modem with *

VIC-20 AND COMMODORE 64 PROMETHEUS Real Time Clock/Calendar N Tha £DU-Us b oplie sysmen

The Problodem ™ i B Bl 2124 130051 200 baws) bl I o Sow-cal, TTL compatihie cels

Qi s -akond modess - Full leafured o pandabie - system g ]

@ @ mmu;mm.éu Tt IR At A uwer ahed * specifcally a3 o sducational ool

- Dhaling, Towech Tone™ and Pulte Dittirn & Mors - Haves e caitac i

The JEZ12CH, sk coraticn o shirderd sl RS732 ' - Shoun wiSGhanumenc oAy ogion e cevr 7B, g mu:n.-;
peuers. MOdems. ghe T PN VIC . 2% and C-84. A 4-pole pM1200- -4 e 5375-00 sy =

o Blowt the rversann of the 4 comirod TR Com-
" aned ]

+ Puge inip User Por = Prowades Stanced RSTIT Lony
lovals . Lintis § pgnats {Tranemd, Ancave, Cer n Send,
Reacpuew 1B Send, Detm Terrunal Ready. Dals 5ot Ready).

JE232CM. . e R $39.95

vOICE SYNTHESIZER
FOR APPLE AND COMMODORE

Crirect Plug-tn
Compatible Disk Drive
and Controller Card
P" ADO-514 Duax Deiver unea

Shogar SATI0 e Parecy— 148
imatied storage - 35 tacks
e 3G Conroles - The drivs

e 5
VT KBT8 s et AP s PO Wlooe s - ot ko
" Nationaity Known ST AL an e, e B AL x 3w
S 106-Key Sertl ASCl Kevbourd | 45014 oo Dt ... 317998
3 euirurhon DRS. BAG | BYNG tat - The ACC-1 (Controller Card) .. ...... $ 59.9%

SR g R LN Lo | Ao Avsilabl

JES20AP -:qsu-.hu u?“w?“m: JEBGA (80 Col « G4x RaM kv Ml . . ... $124.9%
B e ety | JEG14 otumencihux Kaypad r M), .. ... $89.95

 Beacaietty 10GE + W-tmpy rlkayr - Automatc | FOSTAPC (Ancie Compet. -+ Divel. . .. $189.9%
|| panat = ey cagal ovr an g0 WP G, E 1xbuSTRILS Protect Yoursel.

r T . L KBIIW oo .. - ipind b b s4098 |~ SDATA%HIELD'
ered 1 L ] urge Protector
Ty 1YL abvwe 1w ““
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e L mn;;uw ey T '_=_ Sy lw&u_—m Normt e vt
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::JES?O w:nlmll.‘:iw‘“ﬂﬂl'm:; Inms.“%'noﬂ TECHH%OGY. mg Yoursedf... Back_Up
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result i 8 o emely shine, aelurel wooskastion - | Cul SSVTC @ | i et + VD regulate - It 115E, 50 Mt Power Source
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COMPAO COMPATIBILITY

POWER SUSSY  BaDCE T § b o BE T TCHG

m e e s o3 S 10 14wt core oy | SAVE HUNDREDS DF $33 BY UPGRADING
il

By
& JEG64 EPROM P,ﬁi’ef‘“"”“ :;;;'6'; VLIS ot G4 &4 b8 osrszg or | . ‘_NJEMDRY BD&HDS_{QEESELF!
to 64K EPROMS = APmPackoges | ") | PEGAVOS. L. iiinae o b . 1 It ma—y - piigunal
- Ty IUERGAE ) il g Bt bt
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mﬂmﬂn-cﬁil;fh e -I"’B‘-?W"‘J = MR TARES, 5L o B @ B Domgs o ioensaimss . 45995 TRS-EQ MEMORY EXPAN‘GIION KIT
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DESIGNER'S NOTEBOOK
continued from page 97

e if R1 is close to R2, then f =
.56/RC, where Ris the average of R1
and R2.

e If Rl is much larger than R2,

..,..-r..'.?
T then f = 46/R1C.
. e If R1is much smaller than R2,

A;-_-:_':ggg then f = 722/RIC.

D.. kv 5,09 The output will be a squarewave
ISORTIP with a duty-cycle that’s pretty close
WANL SOLDERING (RONS to 50/50. That only happens with
e CMOS inverters because the

switching point is the threshold of
the inverlers and {for CMOS) Ihat’s
halfway up the supply rail. That
switching characteristic also
makes the circuit almost immune
to power-supply spikes and other
nasties.

The output frequency of the cir-
cuit is a function of the propaga-
tion delay through the gates. That
means that the output stability will
degrade as the frequency in-
creases. The propagation delayis a

ORDER NOW constant and the lower the fre-
R F ELECTRON._QS 3 ' quency, the smaller it {the delay)
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VISIT OUR RETAIL STORE

3 i i HOURS; M-W-F,8-5 T-Th,9-¢  Sat 10-3

=

& JDR M d PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING

E Ic 0 ewces TERMB. sirwmum ocdee 310 For Bhipping sod handing Include

Ej} 1224 S. Bascom Avenue, San Jose, CA 95128 g Sl e B L e T i
[T T I CA itaen

g 800-538-5000 ¢ 800-662-6279 (CA) Tnchute St ST e Ao R LA aoibni s EE e o

=t = = ubyec] fhou , W F Ak

g {408) 995-5430 » Telex 171-110 el o e e e
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PC PEACOCK |TA

COLOR GRAPHICS ADAPTER

BY MA SYSTEMS

w MED. RES. 320x200
w HIGH RES. 840x200

w COMPOSITE AND RGB OUTPUT FOR ALL

STANDARD MONITORS
% LIGHT PEN INTERFACE

# CHOICE OF 18 COLORS IN HIGH RES. MODEI

$23995

+ PARALLEL PORT STANDARDI
2 YEAR WARRANTY!
% PLUS FULL IBM COMPATIBILITY

JOR 16K RAM CARD
*2YFAR WARRANTY
* EXPANDYOUR 48K APPLE TO 84K
# USE IN PLACE OF aPPLE
LANGUAGE CARD

BARE PC CaARD 995

JOR HALF-HE!BNY DISK DRIVE

« TEAC MECHANICS—DIRECT DRIVE

» 100% APPLE COMPATIOLE — 35 TRACK 1 6 9
# 40 TRACK WHEN USED WITH OPTIONAL CONTROLLER

» 1 YEAR WARRANTY

MA SYSTEMS FD-35

» DIRECT REPLACEMENT FOR
APPLE DISK II
» SHUGART MECHANISM — MADE IN U.5.

40 TRACK CONTROLLER CARD *48"

NEW FOR IBM

» SAME DRIVE
AS SUPPLIED
BY IBM

» D0SIDD - 320K

H1ggue
TEA

» 6ms STEP RATE

* DS/IDD

» INCLUDES
INSTRUCTIONS

315900

BUY 2 FOR *299°°

' 0" T™ 100-2
R &=

ANDGET FREE MOUNTING BRACKETS!

FD-558 HALF HEIGHT

+ 1 YEAR WARRANTY

* PARALLEL PORT

& SOFTWARE INCLUDED:
CPTIONS:

# MULTI-FUNCTION CARD
+ SERIAL PORT

CLOCK UTILITY, RAm DISK
» SECOND SERIAL PORT

BY SIGMA DESIGN
% B4K TO 384K AAM ,
$ 00
» CLOCK CALENDAR 259
AND SPOOLER.
* GAME ADAPTER

.» | OMNIGRAPH | OTHER ACCESSORIES

BY MA SYSTEMS
PARALLEL ORAPHICS INTERFACE
FOR APPLE Il & lie
« NIGH RES. MULTICOLOR
GRAPHICS

FOR EPSON. OKIDATA..
» SCREEN OUMP. ROTA‘HON.
INVERSION. ZOOM. AND MCRE!
» 1 YEAR WARRANTY!

» CENTRONICS STANDARD $79 98

IUCTOMaX

ALL WITH A 2 YEAR WARRANTY
VIEWMAX-80 4159

$179%5

» B0 COLUMN CARD FORAPPLE I 4+

VIEWMAX-80e 129
» B0 COLUMN CARD FOR APPLE tle
» 84K RAM EXPANDABLE TO 126K

GRAPHMAX *129%
» HIGH RESOLUTION GRAPHICS
#»PRINTERCARD

FOR APPLE Il
THUNDERCLOCK  $129°%

# OFFICIAL PRO DOS CLOCK CALENDAR
 100% MOUNTAIN SOFTWARE COMPATIBLE
* BSR CONTROL OPTIONS AVAILABLE

KRAFT JOYSTICK $3995

» SELF CENTERING
» AXIS ISOLATION

APPLE COMPATIBLE
POWER SUPPLY /;

» USE TO POWER APPLE
TYPE 5YSTEMS

® 5V O A& 412V g 2.5A
-5V 0 5A = 12V @ SA

» APPLE POWER CONNECTOR

*® INSTRUCTIONS INCLUDED

MONITORS
BMC MONITOR STAND
MODEL PA-900
Your Display Will
- TiH & Swivel

MONOCHROME
BMC oM Ji120tQ GREEN 12*
BMC BM 12EUY 18 MHZ AMBER .
BMC 8M 12EUN 18 MHZ NIGH
RES GREEN . 5 Jy -
NEC JB1201M-20 MH2 GREEN b [ 14
ZENITH zvm123. 15 MNZ
NEW *105"

BMC BM-AUSISIU COMPOSITE 13* *279%
NO C.O.D. ORDERS PLEASE

JDR Microdevices

1224 S. Bascom Avenue, San Jose, CA 95128
800-538-5000 * 800-662-6279 {CA)
{408) 995-5430 ¢ Telex 171-110

BMC BMX-80 PRINTER

» B0 CPS DCT MATRIX PRINTER

® PRINTS Bi.OIRECTIONAL IN 40, 30,
T1OR 12 COLUMNS IN HORMAL,
DOUBLE WIDTH OR COMPRESSED
TEST.

= PRINT SUPERSCRIPT AS WELL AS
SUPERB GAAPHICS IN CNARACTER
OR AIT IMAQE

5-1/4 DISKFILE

» ATTRACTIVE,
FUNCTHOMAL DISK
STORAGE SYSTEM

» 76 DiSK STORAGE
CAPACITY

NASHUA DISKETTES

5% IWITH HUB FIING
MDISOFT.5575 1)
HDIDSOFT.SS-‘DD ‘d"
MD2D SOFY, DS/DD 3o
MD2ZF SOFT, DSk 454
M0 10 SECTOR, SSSD, , . 19
MOZ2100 10 SECTOR, DSDO . 30"
8° WITHOUT HUB FIING
FD1 SOFLS%S0
FD10SOFT., SSFDD 30"
FD20 SOFY, 05/D0 b L

YERBATIM

DATALIFE DISKE‘I’TES
S5O0 SOFT SECTOR
$5/0D 10 SECTOR HARD . w-

VISIT OUR RETAIL STORE

HOURS: M-W-F, 9-5 T-Th.. 99 Ssl. 10-3
PLEASE USE YOUIR CUSTOMER NUMBER wHEN ORDERING

I29.I

'89”
1439

TERME: Minimum order $10 For shipping snd handiing inciude
$2 50 for UPS Grovund and 31 50 101 UPS A, Ordets Over 118 and
fatwigrr orders mey 'Tquire addiionsl shWpgeag Chargis =— pirste
contati our wales OxDAFIMENt Iod the amouni CTA revceris mubl
inChute B buiet MBE, Bay Ares and LA residenis Inciude &'vYy. Pricen
subject lo Nge withoul nohicy We Ar8 DT reaponKbie for
typograghical airore Wy resacer the rght o linit Quantitkes and e
aubalilule manutactures. AN merchandibe sublact 1o paior faie

Apple Is 8 Irademark of Apple Computer Corporation & Coprngm 1984 JOR MKKiodevices

CIRCLE 74 OM FREE INFORMATI(ON CARD

WWWW americanradiohistory comm

rg6i H380LO0

b
L]
b


www.americanradiohistory.com

i'.',\(,'a B A B Let us Quote you
1 [ ] g IR =~ ) ona wo[
ﬂND ARY SERVICES yourn:foduci from
GUCH-TOME DECODER AND ENCODER KITR ﬁ

r&‘;’f‘é‘ll m. Ml m.‘l [F Y- 1. Cg= | PLATES “w D
SRRSO LTSS | ]| enCLOSURES FARTRON OV
WAL 13 Lk WRITE OR CALL Columbra. TN 38401
e ek m&l e R Fot Litersture of Quotes (613) 3813143 »
W) CAME DN POMTR SUPFLY. —
WAL BB Y roerr rraninsiens L]

CABLE

s oar] X The biggest improvement in

Y CERB T sl 1L e oA ity “ND $5.00 FOR COMFLETE CATALOG -
WLANER COUPLING vt LG L i 40 eﬂrshasmu.s- Sam

B AL T & M DISTRIBUTORS INC AR e

M, 14 (it P 1T ] 0. BOX 26 R15 BOSTON, MA 02180 N o r

s ouut '“cmm'ﬁ"m%' - A variable interest rate lets
;’rnm"'llt:&,lﬂ'wl(aﬂl 50 WA = you Share '“,1 l"ates oﬁ—ered by

nm memm 19 WO FORMAT OWY .. ™ o

(-]

DOTRATY b 13 VOLTE AL DA L0, A3 TRIE GATH DMCLRG @l]llg@] today’s securities market. No limit
e 4SS ot G KB L W electronics on how much you might earn.

ST ST TR ORGAN & PIANO KITS What makes this improved
73 5 o Bond ideal is that you're protected
B oy o by a guaranteed minimum. And if
e i —e 2539 oony 028 the Bond is held to maturity, you'll
DT v UG W T LR T

T e T double your money.

i :."."..mm.“ gt Take another look at this
Pliechon i m|mm1=":=:nnmu'.'-'u?- opportunity without risk.

fully

DIGITAL Tak f"
RS232

Interface . StOC "g
For Free Sound Info

Call 1- 800-233-3865
or write WERSI USA 'y

Dept. M 8 PO. Box 5318 5 0 A public service of This publication
Lancaster, PA 17601 Il and The Advertising Council.
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CIRCLE 75 ON FREE INFORAMATION CARD I

NEW ORLEANS AND WM. B. ALLEN

UP TO UP TO
AS CLOSE AS YOUR
25% OFF TELEPHONE 28.5% OFF

LARGEST FULL LINE INVENTORY OF ON

HAND HELD METERS CALL TOLL FREE FOR HITACHI SCOPES
FOR EXAMPLE SAME DAY SH'pMENT ON SAVE UP TO $480

FLUKE 73 $ 75 Y212 .. 200w (SAVES1E4). 5 459

FLUKE 75 $ 83 D'SCOUNT PR'CED V222 . xew (SAVE$191) .8 524

FLUKET? $115 V422 .. «ney (SAVES246). .8 673
FLUKE 8020B ... — —3170 Q VO50F . aomeue (SAVE$257). . 938

TEST E U|PMENT V209 .. 20hevu (SAVE$250). .$ €92
V1050F 100Mr (SAVE 5343). 31252
V085 VecorcopelSAVE 5480). . $1704
V099 . wawiorm (SAVE $468}), .5 882
All Prices Include FREE $50 Probs

FLUKE 80218
FLUKE 80220.........comneremsrismeines. . 3126

FLUKE B024B........ $174 18 LEADING MANUFACTURERS IN
SOARSX20 — $ 22 INSTRUMENTATION INCLUDING
SOAR MESAD ...t ccvicaenn 5 M HUNTRON

G

8

: WM. B. ALLEN SUPPLY CO SR g

E.". M [ ] L ] c -

3 ALLEN SQUARE 800 535"9593
& 300 BLOCK NORTH RAMPART, NEW ORLEANS. LA 70112 LOUISIANA 800 462-9520
138 CIRCLE 56 ON FREE INFORMATION CARD '
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UP

64K D RAM

16K D RAM

-GRADES

(4164-200nS)

9 pcs for *50%

(4116-200nS)

8 pcs for *12%

Ll
Lyl
140

REPEAT OF SELL-OUT
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ey ST RS raflached i B0
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me W ITHMG i A
ma W P LI
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STATIC RAMS

Her ™ Mar M N nte
T B MEo0 Ak e 4B
G4 I NI AR Bkd R
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MY BN adid 3 O VAPT DM
12 LW w2 AW NI WW
Mia 14 &1 80 HAMDEL ATSD
Hiag 1M M 56 08P [T
DY NAMIC RARS
L " OM-N0 IR )
Preve s asNe 17
D11 4w a1k +n
a0 Tk R L]
Laanit0 14 TERbI Y LE.]
[T LF “RFTT-"1 e

WE STOCK MOST OBSOLETE RAMS
CALL FOR yOUR HARD TG FIND FANTE

2000 SUPFORT

Me el WO MR &N s
sk LI T =i LY.
[ -

e 13T
Unencoded EfErgses
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‘%ﬂ;ﬁr“ RS232
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ERASER ow 124"
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o
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oo VT i
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510-595-1565
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S

JOLL FREE Ml Ordee P
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800-854-8230
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(408 457010
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RADIC-ELECTRONICS

140

SPARTAN &ccteonics ine

P

My,
{516} 499-9500

60594 Jericho Tpke.
Commack, N.Y. 11725

Philips Remote

—-..—' Cable Converter

_CTCIA

Last Humber Redial

GREEN AND AMBER MONITORS |
12" Sakata Green  $119.00
12" Sakata Amber &1 29.00

'REFURBISHED MONITORS —
9" and 12* Bell & Howelis
or GBC Commercial Grade
Bh;o““ with 2 purchas
$10.00 ¢ a Purchase
ol 2 refurtished monrars 339-95

BECKMAN CIRCUITMATE DM73|

* 5% bask Vi ACtu,
probasnes e 903.39
# 4 o do vollagh ranges [aulorangng|
® 4 resislance ranges (Butorangng)
* conmuity beeper
* ouch hoid™ button

Other Curcuiimale Metecs Avaitabia

H

-

JCATVConverier w/on/aif Flne

v

Jerrald 58 Channel Wireless
Hemote Converter $109.95

Jerreld 36 Channel Remote

Tuning $94.95

BEFDRE YOI

40 Channel VHF to UHF |
wf === Block Converter

EA o 28.95 Ea.
24954 2 up
Deluz® Version - Features fine luning knob,
maiching X lormer & 2 cablas $38 95

PAY $$ FOR A TELEPHONE
SERVICE CALE, TEST IT YOURSELF

Telophona Ling Analfze MOoM #1042
+ Tt wempiure lowy burcinivy pugt vl ] f

e "ﬁh
$19.95

| i

- Vi iy el o =i Invale

- Coupmiog el o Splppieeer iy g
s S B ol i Ol

« VRN weapPure Wil polét) il BN
B Coairy RO W

PROFESSIONAL
TELEPHONE PROOUCT TESTER

——
MIEIIIJEL 1045 R

$335.95

* Lot ) ol WY Sy R ml

Features:

L ]
* Mpallan Bl vint arek DT st

Wk g PARARDY! B B H

Discounts

156)  ponTh TuWF
499-9500 g-8 45 a1
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ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibliity for errors thal may appear
in.the index below.

Free (nformation Number

Zsl 8%
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ket ) b =)

&~ &

ZRTBII 2] SREE| | &6

Page
Aclive Electronics 124
Adsanced Computer Products . 139
Adsance Elecironics, 6.7
All Blectromics . ¥ 135
Amaring Derises . 1M
AMO Spdes g 15
Appliance Service . 106
AP Products 14
AW Sperry 34
BEC EXcironics . 1ig
Reckenan Instruments | [
&k
Bred Cable Electronics . [
C&D . 9%
CEl .. 44
CIE 1821
Comimand Productions . 110
Communications Elecironies 2,25.30-31
Computrd Yentures, 107
Contact Esst 107
CrU CD secvion &
CRT. 106
DECO. 107
amondback 130
Digiker (V3]
Digitron . 120
Dokay 128.129
EK1 9%
Flectronic Rainbow , 68
Edectronic Specialists 134
Flectronic Warchouse 42,112
Enterprive Developmeni , 111
Elron 115
Forestik 11 . 116
Fluke Manufacluring . Cover 4
Fordham Kadio 5
Formula . 131
Glohal Speciahics f[+1}
Goldsmith Scientific .. ........... 134
{.rantham College of Engincering. . 35
GTE . 46
Haltronix | 138
lieath . 13.23.81-82
Hewlell Packard 89
IIMR Sabes 107 107
ICS. 89.96. 111
[nstrument Mart . 43
Iwadsy . ar
Jamete . 132,133
Jan Crystal . . 108
JDR 136,137
Jensen . 107
L Walter Satellite Receiver . 107
KCS. 130
RLM, 67
Leader Instruments. 41
Logical Selutlons . 106
Litco Systems, 130
MeGraw 11l Ce.. 41-49.90.93
Mclntosh Labs. Lid
MCM . 123
MFJ. 113
Mouser . s 113
Muliitech 2
Newione Electronics 28
MNetwork Sales k20
NRI. 8-11.33
NTS . 36-39
Ominitron 2
Oploclectrenkcs 104
Pacific One . 106
Paia . 109
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Phllipps ECG . 1
Phillps Tech Flectronics | 130
Phoeniv Sssteons Inc. 106
Pocket Tech 17
Power Phus _ 106
PTS. 108
Kadio Shack | 126
Ramary . 125
Random Access |, 10%
Ross Quiton Flect ronies 107
Research Service |Lab. . 1%
RF Flectronics, 134
RE&EM [Mstributors . 107
RSP Hanay. 127
Satellite TV Weeb | o4
Sintec 110
Solid State Sakes. 122
Sparian Flectronics . 140
TAH, 14
TeHone 1w
Tektronis . Cover 2
Test Probes . 113
Texas [natruments . £t
Trio Kenwood . ] 30
Tramamerican Cable . 119
Uniden Bearcet . 7
vaco n
WM B Allen. 138
WS Jenks . 89
Fenith . Cover 3

Gernsback Publications, Inc.

200 Park Ave. South

New York, NY 10003

1212} 777-6400)

Chalrman ol the Board: M. Harvey Getnsback
President: Larry Steckler

ADVERTISING SALES 212.777-6400
Larry Steckler
publisher
Arlene Fishrman
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