


TEK 2200SERIES
PORTABLE OSCILLOSCOPES

THE ANSWER
BY ANY MEASURE

You can't judge a scope
by its cover.

When youlookat oursimplified,
practical internal design, you
seewhytheTek2200Senes
delivers unparalleled high
performance andreliability in
thefield. You get quality that's
unmistakably Tektronix in scopes
so advanced, they cost you less
to buy and own.

Through an innovative new con 
cept in scope design we reduced
the numb er of mechanical parts
by 65%. Reduced cabling by
90%. Virtually eliminated board
elect rical connectors. And elimi
nated the need for a cooling fan.

Theresult: a scope with
designed-in simplicity that
increases reliability as itcuts
downtime andrepair costs. All of
which means outstanding value in

a compact, lightwe ight package
that your service technicians will
app reciate.

Plus, you get a selection of per
formance to precisel y match your
needs. There are the 60 MHz
single time base delay 2213A at
$1200* and the 60 MHz dual
time base 2215A at $1 450~ And at
100 MHz, the dual time base
2235 at $1650* and the 2236
with an integ rated counter/timer/
multimeter at $2650~

Theindustry'sfirstthree-year
warrantyt istestimony to 2200
Series dependability. Add ing
value to value are a variety
of optional service plans that can
economical ly extend this cover
age to five years.

Consider what you're paying

now in downtime, in service, in
back-up scopes. On the bottom
line, a Tek 2200 Series scope will
save you money, time and trouble
now and in the years to come.

Contact yourTekSales
Engineer fora demotoday. Or
call1-8Q0-426-2200, Ext.201.
In Oregon, call collect:
(503) 627-9000, Ext. 201.

Tektronixe

COM MITTED TO EXCELLEOCE

' Prices F.O.B. Beaverton , Oregon
t 3-year warranty inc ludes CRT and app lies to 2200

family oscilloscop es pur chased after 1/1/83. Scopes
are UL listed. CSA and VDE app roved .

Copyright © 1984. Tektronix. Inc . All rights reserved . TIA-517.



CRYSTAL·CLEAR
If you don't need all the
features of programmables, but e
you want the convenience of
portability, we've got you
covered. Our two crystal
controlled hand held scanners,
the HX650 and HX750, offer

When you need to hear the
action from wherever you are,
Regency delivers. Our portable
scanners keep you in touch
with the local news. Whether
it's bank hold ups, three alarm
fires, weather, business,
marine radio, or aircraft calls ,
Regency portables bring you
the on the scene action . While
it's happening from where it's
happening .. . in your
neighborhood.

PROGRAMMABILITY WITH
A CHOICE
Regency offers you two new
exciting keyboard
programmable hand held
scanners. First there's the
HX2000 20 channel, no crystal
scanner. It offers UHF
and VHF ranges with the
important addition of 800 MHz
and aircraft frequencies . And
with features like search and
scan, priority, liquid crystal
display, and selectable search

increments, the HX2000 is a
sure winner.
If you don't need the extended
coverage, there's the HX1000.
It let's you cover your choice of
over 15,000 frequencies on 30
channels at the touch of your
finger. No crystals are
necessary. Six band coverage ,
search and scan, priority
control , and a liquid crystal
display with special
programming messages and
clock are all part of the
package. And with the sealed
rubber keyboard and die-cast
aluminum chassis, the HX1000
is the most rugged and durable
hand held on the market.

six channels, individual
channel lock outs, LED
channel indicators, step
control, two antennas and an
adaptor/charger. Both cover
VHF high and low, UHFand
"T" public service bands, with
the HX750 offering the
additional coverage of VHF
aircraft band.

DECIDE FOR YOURSELF
Your Regency Scanner dealer
would be happy to give you a
free demonstration of these
and other new Regency
Scanners. Stop in today. Or,
write Regency Electronics,
7707 Records St., Indpls., IN
46226.

~~~
ELECTRONICS, INC.
7707 RecordsStreet
Indianapolis, IN 46226

CIRCLE 257 ON FREE INFORMATION CARD
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Scanners
Communications Electronics:

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

NEWI Regenc~ MX7000-G
List price $699.95/CE price $449.00
1OoSand,flO Channel e Crystalless e AC/DC
Frequenc y rang e: 25-550 MHz. cont inuous coverage
and 800 MHz. to 1.2 GHz. continuous co verage
In addition to normal scanner listening, the
MX7000 off ersCB, VHF, and UHFTVaudio, FM
Broadcast, all aircraft bands (civil and mil itary) ,
800 MHz com munications, cellular telephone,
and when connected to a printerorCRT, satellite
weather pictures.

NEWI Regency® MX5000-G
List price $599.95/CE pr ic e $354.00
MultI-Band, flO Channel e No-crystal s cann e r
Search e Lockout e Prior ity e A C/DC
Selectable AM-FM modes e LCD display
World's first continuous cOllerage scanner
Frequen cy range: 25-550 MHz. continuous coverage.
Never before have so many features come in
such a small package. The Reg en cy MX5000
mobile or home scanner has continuous cover
age from 25 to 550 MHz . That means you can
hear CB, Television audio, FM broadcast sta
tions, all aircraft bands including mili tary and
the normal scanner bands, all on your choice of
20 programmable channels. .

NEWI Regency® MX4000-G
list price $629.95/CE price $394.00
MultI-Sand, 20 Channel e No-crystalscanner
Search e Lockout e Priority e AC/DC
Selectable AM-FM modfls e LCD display
Bands:30-50, 118-1 36, 144-174,440-512,800-950 MHz.
The Regency MX4000 is gives coverage in the
standard VHF and UHF ranges with the impor
tant addition of the 800 MHz.and alrcratt bands .
it features keyboard entry,multifunction liquid
crystal display and variable search increments.

Regency® MX3000-G
List price $3 19 .95/CE price $182.00
6-Sand, 30 Channel e No-crystal scanner
Search e Lockout e Pr io r i ty e AC/DC
Bands: 30-50, 144-1 74, 440-51 2 MHz.
The Reg encyTouch MX3000 provides th e ease
of computer controlled, touch-entry program
ming in a compact-sized scanner for use at home
or on the road . Ent eryourfavorite publi c servi ce
'frequenc ies by simply touching the numb ered
pressure pads. You'l l eve n hear a "bee p" tone
that lets you know you 've made contact.

Regency®Z30-G
List price $279.95/CE pr ice $166.00
6-Band, 30 Ch annel e No-crystal scanner
Bands : 30-50, 144-174 , 440-512 MHz.
Cover your choice of over 15,000 frequ encies
on 30 channels at th e touch of your fing er.

Regency
RH250

Regency® C403-G
List pr ice $99.95/CE price $62.00
S-Sand, 4 Ch annel e Crysta l s canner
Ch annel Indicator LED e A C only e Low cost
Bands: 30-50, 148-174,450-470 MHz.
Regency's basic scanner, the C40 3 gives you
the exc itement of police, fire and emerg ency
call s at a bud get price. It can tune in to any of
five publ ic service bands and brings the sig nal
,in loud and clear...on any of four possibl e
channels. It comes with det achabl e telescop e
antenna and AC power cord. Order one crystal
cert ificate fo r each channel you want to receive.

Regency® HX1000-G
List price $329.95/CE price $209 .00
6-Band, 30 Channel e No Crystal s canner
Search e Loc kout e Priority e Scan delay
Sidelit liquid crystal display e Digital Clock
Frequ ency range: 30-50, 144-174,440-5 12 MHz.
The new handheld Regency HX1 000 scanner isfully
keyboard programmable forth e ultimate in versatil
ity. You can scan uotoso channelsat the sametime.
When you activate the priority control, youautomat
ically override all othercalls to listen toyour favorite
frequency. The LCDdisplay is even sidelit for night
use. A die-cast aluminum chasis makes this the
most rugged and durable hand-held scanner avail,
able.There is even a backup lithium battery to main
tain memory for two years. Includes wall charger,
carrying case, belt clip, flexible antenna and nicad
battery. Order your Regency HX1000 now.

Regency® R106 -G
List price $ 159.95/ CE price $92.00
5- Band, 10Channel e Crystalscanner e AC/DC
Frequency range: 30-50, 146-17 4, 450 -512 MHz.
Av ersat ile scanner, The Reg ency R-106 is built
to provid e maximum recept ion at home or on
the road. Rugged cabinet protects the advanced
design circuitry allowing you years of depend
abl e listening.

NEWl Regency® R1 0 50 -G
List price $ 179.95/CE price $109.00
6-Sand, 10 Channel e Crystalless e AC only
Frequency range: 30-50, 144-174, 440-512 MHz.
Now you can enjoy computeriz ed scanner ver
sat ilit y at a price that's less than some crystal
units. The Regency R1050 lets you in on all th e
action of poli ce, fire, weather, and emergency
calls. You'll even hear mobile telephones.

Programming the R1050 is easy. Merel y touch
the keyboard and enter any of over 15,000
frequencie s on your choice of 10 channels.

Regency® HX650-G
List price $ 129.95/CE price $79.00
5-San d, 6 Channel e Handheldcrys ta l scanner
Bands: 30-50, 146-174,.450-5 12 MHz.
Now yo u can tun e in any emergency around
town, from wherever you are, the second it
happ ens. Advan ced circuitry giv es you th e
world's smallest scanner. Our low CE price in
cludes battery charger/ A.C. adapter.

NEWl Regency® HX-650P-G
List Price $189.95/ CE price $104.00
Now, Communications Electronics offers a
special packaged price on the Regency HX-650
scanner and the follo wing items for only $104.00.
You get the Regency HX-650 scanner, a set of4
AAA ni-cad batteri es, th e MA-506 carrying case,
six crysta l certifi cates, AC adapter/ charger and
flexibl e rubber antenna fo r only $ 104 .00 per
package plus $ 10.00 shipping/handl ing. To
order this special package, use CE spe cial
orde r number HX-650P-E.

QUANTITY DISCOUNTS AVAILABLE
Order two scanners at the same time and deduct
1%, for three scanners deduct 2%, four scanners
dedu ct 3%, five scanners deduct 4% and six or
more scann ers purchased at the same time
earns you a 5% discount off our super low
singl e unit price.

Regency
M X 5 000
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NEWl Regency® HX2000-G
The World's FlrstBOO MHz. HandheldScanner
List price $569.95/CE price $359 .00
7-Sand, flO Channel e No-crystal scanner
Priority control e Search/Scan e AC/DC
Sidelit liquidcrystaldisplay e Memorybackup
Bands : 11 8-1 36, 144-174, 440-51 2,800'950 MHz.
The new Regency HX2000, handheld scanner
covers thou sands of frequ enci es including th e
new 800 MHz . band . Although this scann er
does not have low band, you can scan up to 20
channels at the same tim e. Selectable AM/FM
reception modes on all frequen cies. With the
included AC/ DC transformer, the HX2000 can
be operated on either 120V AC or 6 VDC. Scans
15 channels per second. Size 3" x 7" x 1v. ."
Includes wall charg er, carrying case, belt clip,
flexibl e antenna and nicad batteries.

NEWl Regency® RH250B-G
Lis t price $699.95/CE price $379.00
10 Channel VHF synthesized transceiller
Sullt-In scanner with progrflmmable priority
Fullyprogrammable CTCSS on ellerychannel
If you're a fireman, policeman ora person on the
go and it's essential that you stay in touch with
headquarters , you need the Regency RH250
transce iver. You can program simple x or semi
dupl ex frequencies including CTCSS tones.

OTHER RADIOS & ACCESSORIES
Zl D-G Scanner. ,.. . , $136.00
Z45·GScanner.. .. , , ' $199.00
RPH41 D-G 10en.handheldno-crystaltransclever. . , $399,00
B'4-G1.2 V AAA N~9ad batteries (set of toun . . , ... $9.00
A-135C-G Crystalcertificate ... . ,. . '" $3.00
A60·G Magnet mount mobileantenna ,,$35.00
A70·G Base station antenna $35.00
Add $3.00 shipping for all acce ssories ordered at the same time .
Add $3 .00 shipping perscannerantenna.

BUY WITH CONFIDENCE
To get the fsstest del/llery from CE of any
scanner, send or phone your order directly to
our Scanner Distribution Center" Be sure to
calculate your price using the CE prices in this
ad. Michigan residents please add 4%sales tax
or supply your tax I.D. number. Written pur
chase orders are accepted from approved gov
ernment agencies and most well rated firms at a
10% surcharge for net 10 billing. All sales are
subject to availability, acceptance and verifica
tion. All sales on accessories are final. Prices,
terms and specificat ions are subject to change
without notice. All prices are in U.S. dolla rs. Out
of stock items will be placed on backorder
automatically unless CE is inst ructed differ
ently. A $5.00 additional handling fee will be
charged for all orders with a merchandise total
under $50.00. Shipments are F.O.B. Ann Arbor,
Michigan. NoCOD's. Most products that we sell
have a manufacturer's warranty. Free copies of
warrant ies on these products are available
prior to purchase by writing to CEoInternational
orders are invited with a $20.00 surcharge for
special handling in addition to shipping charges.
Non-certified checks require bank clearance.

Mail orders to: Communications Electron
i cs~ Box 1045, Ann Arbor , Michigan 48106
U.S.A. Add $7 .00 per scanner for U.P.S.ground
shipping and handling in the continental U.S.A.
For Canada, Puerto Rico, Hawaii , Alaska, or
APO/FPO delivery, shipping charges are three
times cont inental U.S. rates. If you have a Visa
or Master Card, you may call and place a credit
card order. Order toll-free in the U.S. Dial
800-USA-SCAN. In Canada, order toll-free by
call ing 800-22 1-34 75. WUI Telex CE anytime,
dial 671-0155. If you are outside the U.S. or in
Michigan dial 3 13-973-8888. Order today.
Scanner Distribution Center' andCElogosare trade
marks of Communications Electronics Inc.
t Regency is a federally registered trademark of Regency
Electronics Inc. AD#020185-G
Copyright CJ 1985 Communications Electronics

For cred it card orders call
1-800 -USA-SCAN

C~OMMUN ICATIONS
..ELECTRONICS™
Consumer Producs Division
P,O.Box1045 0 AnnArbor.Michigan48106-1 045U.S.A.
Call800-USA-SCAN oroutside U.S.A.313-973·8888
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BUILD THIS 49 COMPUTER-CONTROLLED ROBOT ARM
Experiment with robotics. Control an
Armatron robot arm with your computer to
learn the basics of robotics-or just to have
fun! Jimmy Banas

73 POWER METER FOR YOUR STEREO
This meter does more than measure power.
It protects you r speakers f rom excessive
power levels and provides a turn-on delay.
Mark S. Cohen

97 THREE HIGH-PERFORMANCE
SCANNER ANTENNAS
Part 2. Construction detai ls for double-zepp
and coaxial -collinear antennas that w il l beef
up your scanner's reception . Loren Frieburg

RAD IO

105 COMMUNICATIONS
CORNER
Stocks via satell ite .
Herb Friedman

VIDEO

12 VIDEO NEWS
The present and futu re in
the fast-chang ing video
scene. David Lachenbruch

114 SERVICE CLINIC
Brin ging a dead TV back to
life. Jack Darr

28 Multiplex Technology
ChannelPlus Video
Mu lt iplexer

36 Mirage BnA 2-Meter RF
Amplifier

EQUIPMENT
REPORTS

COMPUTERS

81 HOW TO DESIGN
MICROPROCESSOR-BASED
PROJECTS
Part 2. This month, we loo k
at Tiny BAS IC and at a
demo/development boa rd.
Then we put the INS8073
to work . Tom Fox

Following COMPUTER DIG EST
page 106 A serial -to-parallel

converter-and lots mo re.

14 SATELLITE TV
The personal dish. Bob Cooper, Jr.

54 ELECTRONICS AND BREATHING
A look at the respiratory system and the ro le
that electronics technology plays in
monitoring it . Ray Fish, Ph.D, M.D.

77 SERVICING CORDLESS TELEPHONES
As cordless phones grow in popularity, broken
cordless phones will grow in number. But you
can help put an end to that! Christopher Kite

87 ALL ABOUT OPTOCOUPLERS
A look at how to use optocoup lers to interface1--------- - - --- 
digital circuits to the real world.
Daniel M. Flynn

91 DESIGNING WITH DIGITAL IC'S
Part 3. A look at logic gates-the building
blocks of digital electronics. Joseph J. Carr

101 HOBBY CORNER
Power-surge protection . Earl " Doc" Savage

TECHNOLOGY

CIRCUITS AND
COMPONENTS

DEPARTMENTS108 DRAWING BOARD
Using our extra latch. Robert Grossblatt

112 STATE OF SOLID STATE
A light-di mmer circu it. Robert F. Scott

110 NEW IDEAS
An electronic heat-sniffer

138
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139
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Robots are here to stay ! In the next year
o r so, the re's go ing to be a personal-robot
explos ion just like th e personal-computer
ex p los io n we've ju st w itne ssed. W ell ,
here's wh ere yo u can get started!

We'll show yo u how to convert a commercially available toy rob ot
arm by adding computer cont rol to it . It 's a whole lot easier than
bu ilding a robot from scratch, and you can learn ju st as much-and '
you can have at least as much fu n! Whether you put your robot to
work or ju st use it to play with, it 's sure to attract a lot of atte nt ion. The
sto ry start s on page 49.
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Earl "Doc" Savage,K4sD s,
hobby edito r

Bob Cooper, Jr. satellite-TV ed itor

Robert Grossblatt, ci rcuits ed itor
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PRODUCT ION DEPARTMENT

ON SALE MAY 9
INSTALLING SATELLITE TV
One art icle will cover the decisions you have to make
before you set up a TVRO. A second will show you
how to set things up once you've made your deci
sions.

TURN YOUR DVM INTO A THERMOMETER
Why just measure vo ltage?

Ruby M. Yee, product ion manager

Robert A. W. Lowndes,
ed ito rial p rodu ction

Dianne Osias, adve rtis ing product ion

Karen Tucker, produ ct ion traffic

CIRCULATION DEPARTMENT

Jacqueline P.Weaver, ci rcu lati o n

director

Rita Sabalis, assistant circu latio n

di recto r

Jacqueline Allen , circu lat ion assistant

BARGRAPH VOLTMETER FOR YOUR CAR
Keep tab s on your electrical system with thi s easy-to
read meter.

ELECTRONICS IN MEDICINE
How electron ics technology is used to aid the blind .

Cove r pho to by Robert Lewi s

Rad io-Electroni c s is in d e x ed i n
Applied Science & Technol ogy Index
and Readers Guid e to Periodical Liter
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DIGITAL lC's
An indepth look at flip- flops.

AND LOTS MORE!

As a serviceto readers, Radio-Electronics publishes availableplans or information relating to newsworthy products, techniques
and scientific and technological developments, Because of possible variances in the quality and condition of materials and
workmanshipused by readers, Radio-Electronics disclaims any responsibility for the safe and proper functioning of reader-built
projects basedupon or from plans or information published in this magazine,

M icrofilm & M icrofiche ed itio ns are
availab le . Contact circ u lat ion de part
men t for deta i ls.

Advert ising SalesOffices li sted on page
138.
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More quality
accessories for
moreDMMs

thananyone else
intheworld.

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

Take our new, low-priced80i-400 cur
rent clamp, for example. It's one of five
different accessories offered by Fluke to
let you take safer, more accurate current
measurements inhigh energy circuits.

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

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

It'sthe largest selection of DMM
accessories available in the world.

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

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

FROMTHE WORLD LEADER
IN DIGITAL MULTIMETERS.

IN THEU.S. AND NON·EURDPEANCOUNTRIES: John flukeMig. Co.. Inc.. PO. Box C9090, MIS 250C, E"' ''II. WA 98206, sales: (206) 356·5400, Olner: (206) 347·6100.
EUROPEAN HEADQUARTERS: f luke (Holland) BV, P.D, Box 2269, 5600 CG Eincnoven. Tne Netherlands, (0401458045, TlX: 51B46

© Copyright1985 John Fluke Mfg, Co.. Inc All rignls reserved . AdNo, ~703-8020
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Four countries join
for direct broadcast

The Nord ic Council of M ini s
tri es of Culture , Communication s,
and Indu stry has decided on a new
transmi ssion syste m for Nordic di
rect broadcastin g satell ite s. Den
mark refrain ed f rom joinin g t he
d eci si on by the Mini str ies o f
Fin la nd , Icel and , No rw ay, and
Swede n. The Dani sh Comm uni ca
t io ns Admi nistrat io n , how ever,
suppo rts it.

In one satelli te chann el , th e new
system, c/MAc/PACKET, can send
te lev is io n pi ctu res, TV so und,
co mme ntato r channels, and two
sound radio chann els in stereo. It
also improves sound and picture
qu ality.

England has also chosen the C/
MAc/PACKET syste m, and it is rec
o m me n de d b y th e Europ ean
Broadcast Uni on as the only fo rm
for sate ll ite b roadcast in g in Eu
rop e.

World's fastest circuit
developed at Bell Labs

The fastest , most effici ent semi
co nd uctor ci rcuit ever made has
bee n deve lo ped at AT&T Bell Labs.
A frequency divid er using th e new
technique o pe rate d at 10 bi ll io n
cycles per seco nd w hen coo led to
70 deg rees Kelv in, and did it with
abo ut one te nt h th e power dis 
sipation of the equivale nt silicon
device . That is abo ut tw ic e the
speed of present-d ay ci rcuits. (At
roo m tempe ratures, th e best sil
icon ci rcuits-approach its speed,
but use 20 to 30 t imes as mu ch
power.)

The new ci rcuit is based on a
Selec t ive ly Doped Het er ostru c
t ure Transistor (SDHT), a mul ti 
layer sandw ich of alum inum gal
li um arse ni de and gallium arse 
n ide (AIGaAs-GaAs) in wh ich th e

AN SDHT FREQUENCY DIVIDER IC is exam
ined by J.V. Dilorenzo, head of the Bell l abs
Electronic Materials and IC department. It
was developed by Raymond Dingle, Horst
Stormer, and Arthur Gossard at Bell labs.

electrons are abl e to move faster
th an up to now was co nside red
possibl e. That is accomplished by
pl acin g th e si l ico n d on o r im
pu riti es in th e AIGaAs layer and
forc ing the electrons to mi grate to
the GaAs layer. Thu s, the electrons
can move witho ut bein g impeded
by co l l is io ns w it h do nor im
pu rities in the crysta l. They move
at twice t he " no rmal" spee d a,t
room tem peratures-twenty times
as fast at l iq uid-n it roge n te m
pe ratures.

Th e f i rst of the many app lica
ti on s of the new technology are
expected in the supe rco mpute r
fie ld, w he re speed of operation is
a crit ical facto r.

Electronics taught
by videodisc

Eastm an Kodak Co . has licensed
J.A.M. Inc., a maker of video and

computer t rainin g softw are , to
produce and market an interactive
videodi sc course: New Electronic
Technologies. Subjects include
electronic displays , electronic
ima gin g, magnetic and nonmag
netic recordin g, integrated cir
cuits, and electronic transmission .

The package will consi st of six
laser di scs, w ith the correspond
ing computer-inter face card and
computer program (stored on fl ex
ib le di skettes ). It is designed for
use w ith a laser-disc player and ei
ther an IBM o r IBM-compatibl e
person al computer.

Ko d ak ant ic i p ates that t he
course w ill appeal to bu sine ss and
industr ial orga nizat ions, coll eges,
and government agencies. J.A .M .
expects to market the cou rse fo r
$6,750.

New standard announced
for tape recorders

The Electronic Industries Asso
ciation (EIA) has announced th e
availability of a new Interim Tape
Recorder Mea surement Standard
(15-12). It is th e result of an indus
t ry-w id e effo rt to standardize th e
measurem ent of high-fidelity ana
log tape record in g and reprodu c
ing equipment.

An impo rtant feature of th e new
standard is the establishme nt of
ref er en ce leve ls to w h ich suc h
spec ificat io ns as sig nal-to-no ise
rati o , maximum reco rde d -leve l,
and meter calib rat io n are referred.
Ambiguit ies du e to th e choi ce of
reference input and output levels
have also been addressed, so th at
products can be compared .

Copi es of 15-12 are avail abl e
from the Elect roni c Industries As
soc iat io n, Stand ards Sales Offi ce,
2001 Eye Street , N.W., Washin gton ,
D.C. 20006 at the price of $18.00
per copy. R-E
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Join Now, Get a Utility Apron FREE!
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Take Any 4 Books
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7 very good reasons to join
the Electronics Book Club

• Big Savings. Save 20% to 75% on books sure to in
crease }four electronics know-how
• No-Risk Guarantee. All books returnable within 10 days
without obligation
• Club News Bulletins. All about current selection s
mains, alternates, extras-plus bonus offers. Comes 13 times
a year with hundreds of up-to-the-minute titles to pick from
• Automatic Order. Do nothing and the Main selection
will be shipped automatically! But . . . if you want an Alter
nate selection-or no books at all-we' ll follow the instruc
tions you give on the reply form provided with every News
Bulletin
• Bonus Books. Immed iately get a Dividend Certificate
with every book purchased and quali fy for big discounts of
60 % to 80%
• Exceptional Quality. All books are first-rate publisher 's
editions selected by our Editoria l Board and filled with useful
up-to-the-minute information

..----------------------I(~ tU:~Trm~W~S Bcmvw ~LlJB I
I \!i!J P.O. Box 10, Blue Ridge Summit, PA 17214 I
I Please accept my membership in the Electronics Book Club and send the 4 volumes I
I circled below, plus, my FREE utility apron, billing me $2.95 plus shipping and han- I

dling charges. If not satisfi ed, I may return the books within ten days without obliga- II tion and have my membe rship cancelled. I agree to purchase 4 or more books at

I reduc ed Club prices (plus shipping/handling) durin g the next 12 months , and may I
resign any time thereafter.

I 1108 1183 1211 1218 1393 1431 1492 1539 1542 I
I 1577 1583 1593 1599 1604 1605 1616 1650 1665 1670 I
I 1672 1690 1699 1740 1765 1777 1820 1875 1932 I
I Name Phon e I
I Address I
I City I
I State Zip I
I Valid for new mem bers only. Foreign applications will receive orde ring instructions. Canada must II rem it in U.S. currency. Th is order SUbject to acce pta nce by the Electronics Book Club . I

--------------------~=~CIRCLE 261 ON FREE INFORMATION CARD
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Wouldn't you like to have a
new skill you could call your own?
leam~ audio, and video servicing

with at-home training from NIL



of your talent. If card has been
removed, please write to :

extra money doing part-time
servicing for appliance and de
partment stores-building a
good-paying, new career with an
electronics firm .. . or even
starting your own business. You
can start small, even part-time in
your basement or garage : make
the most of your opportunities
to grow into a successful busi
nessman.

Free Catalog ... Mail
Card Today

Send the postage-paid card for
our free 104-page color catalog
describing our courses in full,
showing all equipment, lesson
outlines, and career opportuni
ties. It also shows other exciting
courses like Microcomputers,
Electronics Design, Industrial
Electronics, Digital Electronics,
and more. Mail the postage-paid
card today for your copy. And

see how you can make
the most

We'll give you tomorrow:

~~
NRI Schools of .
Electronics

J J' McGraw-Hill Continuing
t 1- Education Center
I. nII 3939 Wisconsin Avenue

Washington, DC 20016

You'll learn troubleshooting
techniques using a professional
31/2-digit digital multimeter.
You'll use it when assembling
your TV to check demonstration
circuits you build on the NRl
Discovery Lab, and in your pro
fessional work. It's the equip
ment and training you need for
success.

Training For Success
NRI not only prepares you to

become a top technician, we get
you ready for independence.
NRI Video /Audio servicing gives
you a great new way to earn

Exclusive NRI Training
On Videotape

In addition to profusely illus
trated lessons, you get NRI Ac
tion Videocassettes ... video
taped lessons that show you
graphic presentations of elec
tronic systems, vivid closeups of
servicing techniques and profes
sional "shortcuts" to study and
replay as often as you want.

Practical training on a real state-of-the-art TV,
VCRor stereo, using professional equipment

Includes Both 25" TV
And VCR, Plus DMM

And More

Hands-On Training
NRI training is practical train

19 all the way. Throughout your
ourse, you'll perform hands-on
xperience projects that make
ieory come to life and give you
eal understanding.

You can learn to service and
pair TVs, stereos, electronic
usical instruments and ampli
:rs, car and portable radios,
cord and tape decks, videocas
tte recorders and disc players,
most any kind of electronic
[uipment on the market. And
>u can learn to do it at home,
your spare time, without quit

19 your job or wasting time
id gasoline on night school.
Rl will train you, as it has over
million and a quarter others,
ith effective methods proven
f er 69 successful years.

As part of your training, you'll
uild your own 25" Heath/
enith color TV, a state-of-the-
rt unit with infrared remote
.ining, programmable channel
election, and the incredible
pace phone for remote calling.
QU also get a front-loading,
emote-controlled videocassette
ecorder to play your video
aped lessons and learn about
ervicing this complex instru
nent.

11



VIDEO NEWS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

• VCR's hottest year. Videocassette recorders
became a true mass-market product in 1984,
EIA's official sales figures pr ove. Deal ers in the
United States bought 7,615,791 VCR's last year, up
86.1 % from the 4,091,321 sold in 1983. In fact,
1984's sales exceeded the tot al for 1981 , 1982, and
1983 combined. And the momentum continued
into 1985, with sales in J anu ary eclipsing those
of January 1984 by more than 64%.

• New videocassette products. Since many
people buy VCR's solely to watch pre-recorded
cassettes, why not make a play-only videocassette
machine? That question has come up repeat edly,
and the answer always has been that hardly any
savings is made possible by eliminating the
record function, especially since production of
record-and-play machines is so high. But
apparently the demand is there, and the
videocassette player, or VCP, could be a hot
product this year.

VCP's are now being imported by Funai of
Japan, mainly for the r ental market , selling at
around $260. Another version could be des igned
to retail for less than $200 . Funai's initial
offerings have aroused en ough interes t to
encourage big Matsushita t o enter th e m ar ket,
and it is exploring bringing them to the United
States. AB reported last month, Quasar an d
General Electric are consider ing offering these
VCP's (alth ough at a much higher price than the
Funai machine). Korea's Gold Star, Samsung, and
Daewoo have developed VCP prototypes, as has
Sampo of Taiwan.

Another videocassette pr odu ct-which isn't on
the market here and might n ot ever be-is

13 stirr ing up plenty of excitement n ever theless.
z That is a double-deck VCR, being offered by Sh ar p
~ in th e Middle East only. The reason it has raised a
G furor here is th at it can easily be u sed for copying
~ cassettes-just put a r ecorded cassett e in on e slot
6 and a blank one in the other. The Motion Picture
o Association of America, which has been pressing
C? for legislation to levy a fee on VCR and tape sales

12

( to be paid to copyright owners) has hailed the
existence of the two-cassette machine as proof
that one of the main purposes of VCR's is to make
illicit copies of copyright material.

• New video products. Pioneer has
introduced its combination laser videodisc and
digital audio compact disc player, Priced at $1,200,
it can play the 4%-inch CD audio discs as well as
12-inch and 8-inch videodiscs, including the new
ones with digital soundtracks.

General Electric, Magnavox, Panasonic, and
Quasar around midyear will market camcorders
that use full-sized VHS videocassettes and weigh
just over seven pounds, with batteries; they were
unpriced at press time, but are expected to list
between $1,600 and $1,800 . They can play back as
well as record.

The Beta Group-including Sony, NEC, Sanyo,
and Toshiba-will soon market the third version
of the record-only Betamovie camcorder. This one
has a solid-state CCD pickup in place of a camera
tube, and has automatic focus.

Hitachi is introducing a fllrnless still camera,
using the standard l.85-inch micro-floppy disc to
store 25 pictures; it will be priced around $2,000
(inclu ding TV playback system and dye-transfer
color printer) in Japan.

• Korean VCR's coming. The first VCR's from
Korea are scheduled to start arriving this spring
and summer. They had been kept off the export
market previously under the terms of license
agreements with Japanese developers of the VHS
and Beta formats; but beginning this year, export
is permitted. The major effect of the new source
for video r ecorders is expected to be lower prices.
The fir-st Kor ean VCR's-both VHS models-have
been announced by Samsung and Gold Star, their
lowest suggested list prices being $349 and $399,
respectively. However, list prices don't
necessarily represent true "street prices," and
there is conjecture that the units will settle down
to $299 or less. R-E



LOWEST PRICES
OFF-THE-SHELF

DIRECTLY TO YOU

COPES
CALL TOLL FREE
FOR FAST DELIVERY 800-645-9518

In New York State 800-832·1446

. . e o f • ~
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Model V-422 (40 MHz)

$69995

(Reg. $895) Probes inc luded.

• Thin, light and compact design. Large 6-inch rectangular,
internal graticule CRT. Autofocus circuit and scale illumination
• DC offset function. Voltage and frequency reading outputs
• Alternate magnify funct ion • 8 divisions of displayed dynamic
range. TV sync separation circuit . X-Y operation mode

HITACHI PORTABLE OSCILLOSCOPES
1 mV/div DUAL TRACE

Model V·222 (20 MHz)

$54995
(Reg. $715.) Probes included.

Model V·1100

$250000
Probes inc luded.

• Quad channel
(Ch. 1,2,3,4) with
independent position
controls • 8 trace with
alternate sweep
• 18kV-6" rectangular
CRT . Minimum
deflection factor
1 rnv/dlv, maximum
sweep time 2ns/di v
• TV-sync. X-Y

operation up to 1 MHz (3° or less), variable hold-off. Gate out
put for A and B sweep. CH 1 signal output to 100 MHz (-3db)...
plus much more.

HITACHI 100 MHz
W/CRT READOUT & BUILT·IN
MICROCOMPUTER

Model V-212

$4999 5

(Reg. $615.)
Probes included.

• Thin, light and
compact design
• Large 6-inch
rectangular, internal
graticu le CRT . High
accuracy - +3% • High
sensitivity - 1 mVldiv
• Stable, low-drift
design . 8 divisions of
displayed dynamic
range • TV sync
separation circuit. X-Y operation mode

HITACHI PORTABLE
OSCILLOSCOPE DC TO 20 MHz,
1 mV/div DUAL TRACE

Model V·1050F

$129995

(Reg. $1980.) Probes included.

• Use of low halation
dome mesh and large
6" rectangular CRT
with internal graticule
• 500 uV/div high
sensitivity design
• Alternate and single
sweep functions
• TV sync separator
circuitry with one touch
synchronization

• Automatic focus circuits. Variable hold-off circui try . X-Y
operation . Delayed sweep function with one touch control 1OX
magnification

HITACHI 100 MHz QUAD
TRACE DELAYED SWEEP SCOPE

Service and Shipping
Charge Schedule

FOR ORDERS ADD

$501-750 $8.50
$751-1,000 $12.50
$1.001 and up $15.o0PHONE ORDERS

ACCEPTED

260 Motor Parkway, Hauppauge, New York 11 788

Fordham

MASTERCARD/VISA
ACCEPTED

.~

Model V-650F

$99500

(Reg. $1195.) Probes includ ed.

• 6" rectangular CRT
with internal graticule.
• 1 mVldiv high
sensitivity design
• Triple trace for
checking synchronous
signals and relationship
and timing between
observed waveforms
• TV sync separator
circuitry . Automatic
focus circuitry . Variabl e hold oil circuitry . X-Y operation
• Delayed sweep function with one touch co ntrol 10X
magnification . Signa l output: CH1 output terminal to frequency
counter, etc.

HITACHI 60 MHz DUAL
TRACE DELAYED SWEEP SCOPE
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What's new in TVRO systems

BOB COOPER, JR.,
SATELLITETV EDITO R
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W HAT'S SMALLER THAN A 10-FO OT D ISH,

but bigger than a bread box?-a
PDm

, o r Personal Dish '· . A Per
sonal D ish is a sma ll C-b and (4
GH z) sate l l ite term inal, li ke that
shown in Fig. 1. (It is also a regis
te re d trad em ark of PD, Inc. , 3
Claremont Road, Bernardsvill e, NJ
07924.)

About f ive years ago, a 10-foot
di sh was a fo rm of a PD; two years
ago , it was the 8 foote rs; one year
ago, the 6 foote rs. But now you
can' t be a respectable PD supp lie r
unless you have a 4-foo t di sh.

A re di shes gett ing better and
better ? Is TVRO elect ro nics get 
ti ng better and better? (So much
so that a 4 foot di sh tod ay works
like a 10 foot di sh of yesteryear?)
Wi th out qualifi cation, the answer
is no! In fact , th at wou Id be a re
soun d ing NO ! St i ll, di shes are get
t ing smaller and more arid more
fi rms are offering th e miniature C
band term inal systems. So wh at 's
t he story here?

What's happening
There are actually two and a half

stories. All are t rue and we'll be
bri ef. For one, di sh designs have
improved , but no t that mu ch. Be
sides , as d ishes get lar ger and
larger, mor e and mo re of thei r sur
face area (o r gain -ability) is thrown
away in t he manufacturing or as
semb ly p ro cess by slo ppy tol er
ances .

A bigge r di sh, w ith inaccu rate
surfaces, is no be tter (no mo re
sensitive) th an a smaller di sh w ith
an accurate surface. It is far easier
* Publisher, CSD magaz ine

to maintain good surface accuracy,
and th erefore maximize gain, w ith
a smaller surface. That's basic.

Second , satellites have becom e
more powerful. In particular, th e
pre sent ge ne r at i o n Gal a xy
(Hughes built) sate ll ites are nearly
9 watts per channel. That 's nearly 3
dB better than th e older, original
SATCOM and Westar birds! More
sig nal from th e satell it es allows
you to back-off on the ground sys
tem, and redu ce the dish size for
th e equivalent pi cture deta il.

Finally t he half-story: Satellite
recei vers p erform more eff i 
ciently. By redu cin g the receiver 's
(IF) band width , greate r rece ive r
sensiti vi ty has been achieved. Of
course, there is so me sacrif ice;
yo u lose som e of th e crispness of
th e picture wh en you cho p o ut
some of the satellite-transmitted
information . But that's generall y

co nside red an accepta b le trade
off.

So we have smalle r di shes today
th an we had in 1980 or even 1983
because th ey are of better quality
(by a 10% facto r), receiver circuits
about 20% more sensit ive, and sat
ellit es stro nge r by a 50% fact o r.
That adds up to 80% bett er quali ty,
not quite 100%.

Because th ere are t rade-offs in
vol ved in the smalle r dishes, you
never really get you back to the
100% yo u started w it h w hen using
a qu ality10-foot di sh system to be
gin with . You can never regain th e
ext ra signal margin-for examp le,
to compensate fo r syste m aging
nor can you pu t back the pictur e
detail sacrifi ced with th e narrow
band ed receiver (IF).

In spite of th ose negatives, PD's
are here and selli ng we ll, in sizes
from 4 feet to 6 feet. And if you are
thin kin g about sell ing or serv icing
new TVRO systems, o r simp ly buy
ing one fo r yourself, you need to
understand w hat thi s " smaller is
better " mani a is all abo ut.

The smalle r un its have several
obvio us advantages: size is one, of
cours e. Man y peopl e wouldn' t
have a dish on th e roof o r in the
yard if it had to be10 feet in di ame
ter. M any roofs can' t sta nd th e
w ind loadin g of a10-footer o r even
an 8-foote r. (Figure 2 wi ll give yo u
some idea abo ut the differences in
di sh size . Shown are a 4-foot C
band , left ; 2-foot Ku-band, center,
and a10-foot C-band di sh.) That's a
plu s in favo r of fo u r to six foot
di shes.

Another advantage is the price:



SATELLITE TV/

The First
Five Years!

ble is not available, typically for
under $600 per home. Not a bad
trade . But is it really satell ite TV?
Think again .

Until recently, you cou ldn 't be a
satellite TV person unless yo u
were eq uippe d w it h t he latest
di sh , LNA , receiver, and motor
drive . That's fine; there has been a
market of at least 500,000 such
people to date and more undoubt
ed ly wi ll be fou nd with the same
instincts. But there is another mar
ket developing as we ll.

THE MOST COMPLETE report on the mushrooming
home TVRO' industry ever compiled , written as only the
'father of TVRO' could have prepared . More than 1000
pages (!) tracing the complete story of home TVRO,
lavishly illustrated with equipment photos, schematic
diagrams, equipment analysis reports. Bob Cooper,
the first private individual to own and operate a TVRO
(1976) has collected and polished hundreds of indi
vidual reports into a unique 'collector's edition' which
clearly explains the TVRO phenominon in North Amer
ica. From Coop's first 20 foot 'monster' dish to the
present day 5 foot 'C-band' TVROs, the fascinating
growth of TVRO equipment and its legal status unfolds
for you.

THIS TWO VOLUME SET totaling more than 1,000 pages is available for the first time
to readers of Radio-Electron ics at special discount pricing. Orig ina lly sold at $100
per two-volume set, a limited supply is now available ONLY through this advertise
ment. PLUS, you will also receive a special extraordinary bonus; the 200 page ( + )
October 1984 edition of CSD/Coop's Satellite Digest. This very special edition of
CSD is a best-seller in the TVRO industry, with the most comprehensive collection of
TVRO facts and figures ever compiled. Combined with the 1,000 page 'CSD
ANTHOLOGY' report, you have instant reference to everyth ing you will ever need to
know about the state of the home TVRO industry. It is MUST reading for every person
in, or thinking about 'getting into,' any segment of the home TVRO world.

--------------------------------

ant enna. It 's cabl e-TV with a satel
lite twist. With proper plann ing
and proper equipment, you can
serve 2 or 200 individual out lets in
that way. Each home has indepen
dent access to all the signals on
on e satell ite through one or two
cable s from th e PD.

People can subscrib e or simply
pay into a cost-sharing " kitt y." In
that way individu al homes have ac
cess to t he same programming
that regular cab le-TV customers
have, when and where regular ca-

If you are into electronics, operating or
working for an electronics sales or ser
vice center, and are interested in learn
ing more about the business oppor
tunities offered by the rapidly growing
TVRO industry, Bob Cooper has a spe
cial data-packet for you. And it is free of
charge! Simply send your name and ad
dress, preferably on a company Iet
terhead or with a company business
card attached to: TVRO Starter Kit, P.O.
Box 100858, Ft. Lauderdale, FL 33310
and ask for your kit.

You will be sent a complete packet of
current information on the TVRO dealer
world, including valuable reprinted arti
cles from CSD magazine outlining the
start-up problems associated with be
coming a TVRO dea ler in the 1985
TVRO industry.There is no obligation,of
course.

TVRO dealer " Starter Kit"
available

A popu lar dealer-net price on a
well known 6-footer is under $250,
including the mount. That 's a hard
number to argue w ith when 8 to 10
foot di shes are twice as much (or
more) in th e dealer-d istribution
lin e.

At lea st two East Coast firms
have made a science of 4 to 5
footers and their experience to
date is in stru ct ive . Persona l Di sh,
Inc. has created a ser ies of 4- and 5
foot di shes with specia l side-of
building and roof-top mounts in
tended for t he often over-built
no rth eastern corridor.

Th eir co nc ept is that people
who live in townhouses, co ndos,
and apartments should not be
shut off from sate llite-TV service
just because th ey don't have a suit
able backyard in which to " p lant" a
10-foot dish. But that's not all; th ey
have ano ther marketing direction
as well : Persona l-Di sh-fed mini
cabl e systems.

A look at the system
By pl acing a single antenna on a

fixed mount, anchored on ju st a
sing le satell ite such as Galaxy 1,
custo me rs can be provided with
between 10 and 12 satellite-de liv
ered chann els . The dish feeds a
Block Down Converter (BDC),
which outputs a wide spect rum of
signals in th e UHF range.

Those UHF- range sig n als, all
from a single satell ite, are then am
pl ifi ed and cable-fed to individual
apartments from the master dish

__ SEND CSD ANTHOLOGY/2 Vols. +CSD Bonus.
_ _ SEND CSD October '84 Special Issue ONLY.

NAME COMPANY _

ADDRESS _

CITY STATE ZIP _

Payment: $60 US funds (Anthology + Bonus), $15 US funds
CSD Oct. ONLY; payable "CSD ANTHOLOGY. "
Shipping charges prepaid. Enter order to: CSD Anthology,
Radio-Electronics Magazine, 200 ParkAv. S., New York, NY ~

10003; or call 305-771-0505 for credit card orders ONLY. ~
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If you are in a hurry for your catalog please send the coupon to Mcintosh.
For 110n rush service send the Reader Service Card to the magazine.

Get all the newest and latest information on the new
Mcintosh stereo equipment in the Mcintosh catalog. In
addition you wil l rece ive an FM station directory that
covers all of North America.

TVRO service, you sho uldn't make
a bi g thing of the satel lite-connec
t io n.

The "plain vanil la" truth is that
sma l ler dishes are w ith us , al
t hough their sales success has
been spotty to date. The equip
ment supp liers sell ing those com
p rom ise anten na-systems have
made the same mistake that USCI
appare nt ly made. They are try ing
to preten d t hat yo u can do th e
same thing with a 4- or 6-foot an
tenn a that you can do with a 10
foot ante nna. Gilbe rt has proven ,
and Persona l Dish, Inc. is provi ng,
t hat i f yo u conce ntrate o n t he
product and soft -sell the vehicle,
yo u can be a very, very busy bu si
nessman.

Business peo ple ex posed t o
Gi lbe rt and PO, Inc. are w ising up.
They've real ized that really small
ante nnas wo n't perform allover
the USA-i n south Flo rid a, fo r ex
amp le, a6 foote r is sti ll not enough
even on th e hotter satel lites . But
they w il l wo rk adeq uate ly (if not
f lawlessly) over more th an 85% of
th e conti nenta l 48 states. And yo u
can sell them if you don't t ry to
represe nt them for bei ng some
thi ng they are not.

There is a tre nd here; perhaps
an ent irely new marketplace that's
dri ven not by tec hno logy, bu t
pu rely by the entertai nment value
of a dozen channels or so. As Peter
Sutro of Personal Dish notes, "We
tried to sell th e 5- and 6-foot anten
nas as j un ior TVRO's and th at was a
mistake. People invariably wo uld
look at the performance and chan
ne ls available on a fully motorized
6-footer and compare th at to our
standa rd 10-foote rs.

"The 6-foot system was not a fair
match for the 10-footers. We sold
very few 6-foot units that way. And
even as loss leaders fo r advertis
ing, we created a certa in amo unt
of buyer resent ment and resis
tance. That 's w hen we decided to
take away the motor d rive and of
fe r the 6-foot package only as a
dedicated system intended for
shari ng between two or more resi
dences . Whe n we d id, we d is
covered an enti rely new market. "

So, are smaller dishes ju st toys?
Not if you recog nize th at they are
not TV RO system pieces, b u t
rat he r t hat t hey have a market
identi ty all the ir ow n. R-E

program he had arranged .
Gilbert d idn't mess up his mar

ket ing by sell ing satel lite-TV. Hi s
literature and sales presentat ion
bare ly me ntioned sate l lite-TV.
What he sold was entertainment:
12 channels of it, w ith a small 4
foot dish for $30 a mo nth. Since he
completed his test, he has
launched a nat ional d ist r ibut io n
network for his d ish package, his
electronics, and his market ing ex
pertise.

Gi lbert got h is original idea by
watch ing t he grow ing pains of
USCI, the 12-GHz DBS f irm that
laun ched t he min i syste m with
great fanfare (fo llowed by fi nancia l
chaos) ju st over a year ago . He saw
that people were in terested in the
USCI 5-channel package, but he
also saw that USCI was makin g, in
his judgm ent , errors in "pi tc hi ng"
the ir home systems.

For one th ing, he fo und that
USCI was pushing too hard on the
satell ite -de livery part of the pack
age. He fe lt that if yo u're limit ing
your customers to something less
than the 100"sky-channels" of true

Mc intosh Laborat ory Inc . RE
East Side Station P.O . Box 96
Binghamton, N.Y. 13 90 4 -009 6

NAME _

ADDRESS

CITY STATE_ZIP _L J

r---------------,

~- - - _.' ~

li~*i

SEND
TODAYI

mcIntosh
STEREO CATALOG

and FM DIRECTORY

That market is made up of peo
ple who live where cable- TV has
not reached, but would like the
finer things that the premium pro
gramming of cable offers. In fact,
that market may turn out to be far
more significant and lasting than
the present TVRO market. That's
because you are sell ing entertain
ment , not tec hnology, and we all
know that techno logy is always a
hard sell.

Blair A. Gilbert, of StarTrak Satel
li t e Systems (GBS, Lamp l ighter
Plaza, PO Box 349, Kulpsv ille, PA
19443), thinks it's the trend of the
future. Operating out of a suburb
of Phi lade lphia, he put 50 of his 4
foot term ina ls on tr ial th is past
summer. It was a marketing test to
d et er mi ne how many people
wo uld be w ill ing to pay $30 per
month for a dozen or so chan nels
fro m a single satellite.

He found out that more than
80% of the homes-after being ex
posed to his CBS system-kept it.
Ma ny paid him $1495 for the in
stallat ion after the trial. The bal
ance went on a 48-month credit

(J)

~
zo
a:
f
U
W
..J
W

6
o
~
a:

16 CIRCLE 67 ON FREE INFORMATION CARD



~-------------------~I II ~R~i~i;'~' :~' in st ruments

I ' COLOR HEATHKIT CATALOG

I
Mall this coupon to:

_ _ Heath Compa ny, Dept. 020-296I -~ Benton Harbor, MI 49022

I Name _

II Address _

j- .&......:~~.a.I~~~~.,I City _

I State Zip --- ----L ~~~~



POWERFULTRAININ(
CAREERS IN P(

Learn PC Servicing By Assembling Your Own
NTS/HEATH HS-151 16-Bit Desk-Top Computer

18

Th is is the most powerful and
versat ile Personal Computer ever
offered in any home study course,
and NTS Intronic Training gets you
right down into the heart of it. You I

learn how microcomputers function,
and how they operate to solve prob
lems. Your program includes a wide
variety of tests and projects you
perform as you build this remarkable
PC, circuit board by circuit board.
There is no better way to learn PC
servicing. Lessons, texts and
equipment are completely inte
grated to make your training easier
to understand, more practical, and
applicable to many other types
of computers.

A Rewarding Career in PC
Servicing Lies Ahead.

The world of computers is con
stantly expanding. Industrial and
business applications of computers
show every sign of consistent
growth. In fact, the market for PC's
will expand to an expected 3.7 mil
lion units th is year, and by the end
of the decade the entire computer
market worldwide will pass the
trillion dollar mark.

These sales figures point to con
tinued growth in the peripherals mar
ket, networking, modems, printers,
and a host of other "add-ons"
needing installation technicians
and skilled service-maintenance
personnel. It's a career field with
dynamic potential, and NTS PC
Training is aimed right at it.

Your Training Includes Test
and Other Equipment _

Most NTS courses include test
equipment to teach you the 'Uses
and applications of such units as
Digital Logic Probes, Digital Multi
meters, Trans/Diode Testers, and
the like. The NTS Compu-Trainer is
included in several courses to famil
iarize you with principles involved in
circuitry used in a wide variety of
computer types and brands. You
perform hundreds of experiments
with it, learning the how and why of
computer operation. NTS courses
are designed to prepare you for jobs
in electronics where you can grow
with the experience you receive in
the field. It's the kind of training that
keeps pace with developments,
assur ing you of a solid foundation
on which to build a career.

The Exciting
NTS/HEATH 16-Bit
HS-151 is Loaded
with Features:

A. 128KB RAM user memory on
board, expandable to 640KB .

B. 16-Bit 8088 microprocessor
accepts advanced software and
speeds word processing; also
allows selection from the huge
library of IBM* software .

C. IBM-compatibility with *MS-DOS
operating system .

D. 5.25-inch floppy disk drive,
doub le density, IBM formatted,
stores up to 360KB . (Expandable
to dual-disk drive, and optional
10.5MB hard-disk drive.)

E. Four open IBM-compatible slots
provide for future expansion,
printer, modem, etc . Will accept
most peripheral boards designed
for the IBM PC.

F. Two video outputs for color or
monochrome display monitor.
Your NTS course includes a
high-resolution monitor
displaying 80 characters by 25
lines, or graphics.



FOR POWERFUL
iERVICING

G. Editing capabil ities help you
insert or delete characters and
lines, erase, jump or smooth
scroll, plus several other
convenience features .

H. The NTS/HEATH HS-151 is
comp lete with full-funct ion key
board, calculator-style keypad,
and typewriter format.

NTS Training Takes
You Beyond Equipment
Assembly.

Field service personnel are
requi red to analyze and solve
prob lems, many times on the spot.
Whether the problem is in the disk
drive or the monitor, the memory or
the power input, you learn how to
spot the diff iculty and take steps to
resolve it. Your NTS course
includes test equ ipment, and
teac hes you how to use it.

Three courses, one starting with
basics, and two different advanced
courses for those with previous
experience, give you a choice of
programs suited to your part icular
needs. You learn how to program
this advanced computer with excel-

lent support material. And, equally
important, the NTS/HEATH HS-151
enjoys a reputation backed by a
major American manufacturer.
There is no substitute for first-class
equipment, and you keep it to use
for years in your home or business.

NTS TRAINING PROGRAMS
COVER MANY AREAS
OF
ELECTRONICS:

Robotics: Build the NTS/HEATH
Hero 1 Robot as you learn Robotic
programming technology. This field
is at the leading edge of electron ics.

Video Technology: Learn circu it
diagnostics and digita l principles
as you build one of the most advanced
color TV sets available. Your course
also covers VTR's, computer funda
mentals, solid-state devices .

Industrial and Microprocessor
Technology: Train in microprocess
or and automation applications,
lasers, and basic indust rial robotics.

TV & Radio Servicing: Acquire
a foundation in the use and appli
cation of both analog and digital
test equipment in the TV servicing
field. Learn to service Color and
monochrome monitors, troub le
shoot receivers, and maintain entire
systems .

Basic Electronics is a course
designed to give you an over-view
of electronics. It is particularly help
ful to electronic sales personne l,
and those wishing to get into techni
cal writing .

NTS Intronic training programs
are practical, and job-oriented. You
train on field-type equipment, and
lessons and texts are tested.and
proved in our Resident School in
Los Angeles . This assures you of
understandable lessons and texts,
as well as projects which get right to
the heart of your subject. NTS, now
in its 80th year, continues to offer
econom ical training at the leading
edge of Electronics.

' IBM is a trademark of International Business
Machines Corp . ' MS is a trademark of Microsoft
Corp.

If card is missing, write direct ly to the Schoo l at the
address below stating the course in which you are
interested. A FREE color catalog and all details will
be sent to you by return mail .

_ NATIONAL

Dl5TECHNICAL
SCHOOLS

TECHNICAL TRA DE TRA INING SINCE 190 5
Resident and Hom e -Stud y Sch ools

4000 South Figueroa Street
Los Angeles, CA 90037-9988

~
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LETTERS WRITE TO:

LETTERS
Radio-Electronics
200 Park Ave South
New York, NY10003

BANDWIDTH ACCURACY
I take exception to the text in the

October 1984 art icle, "Satellite
Stereo Demodulator," by Roger
Cota and Lloyd Addington. The au
thors unfortunately have confused
baseband modu lating frequenc ies
with broadband uplink/downlink
bandwidths.

Their content ion that the " eff ec
tive...bam:lwi-d{h-·ef a satellite tran
sponder is about 10 MHz" is in
error. To be accurate, the effect ive
bandwidth of the modulated car
rier is 36 MHz, wh ich is centered in
the sate llite's transponder band
width of 40 MHz.

The 36-MHz bandwidth is com
prised of at least three composite
elements:

1. The peak video deviation of a
4.2-MHz baseband video signa l
that modulates the carrier rang ing
from 8.46 MHz to 13.8 MHz, (de
pending on the up-linking oper
ator and the number of audio sub 
carr iers and their modu lation in
dex.)

2. The peak dev iation of the en
ergy dispersal waveform, w hich is
usually 1 MHz.

3. The peak dev iat ion of the car
rier by any audio subcarrier.

A mathematical manipulation of

all those peak dev iations must f it
Carso n's rule w he re th e ba nd
width, in th is case 36 MHz, wi ll be
two ti mes the sum of the co m
pos ite dev iat ion of the carrier and
the instantaneo us mo dulat ing fre
quency.

The deviation of the carr ie r has
nothi ng to do w ith a baseband ad
aptation of the NTSC 6 MHz TV
chan nel bandwidth (which is de
rived from the FCC's in -ch ann el
bandwidth fo r VHF te levisio n sta
t io ns) and the placement of the
aud io subca rrie rs in the spectrum
of 6-10 M Hz .

continued 011 page 26

Sylvania, and other VCRs. You'l l save custome rs
the expense of extra repair trips and make extra
profit for yourself replacing all the belts at once .

The smart money's on RCA, for a who le line
of VCR replacement parts and accessor ies. See
your RCA VCR Parts Distributor or fo r more
information, write: RCA Distributor and Special
Products Division,

Deptford, N.J. 08096- ROil VPaCrR
ts2088. Attn: Sales

Promotion Services.

It makes sense for your
customers. And dollars for
you. Sooner or later, every
VCR belt needs replacing .
And when one goes, the
others aren't far behind.
So make the most of it
with RCA's VCR Belt
Kits (stock numbers

199094 and 199095) for RCA,
Magnavox, Panason ic, Quasar,

RE ClNG
FNEBELTSAT
IS ERT

ONE ATATIME.
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work perfectly, bring it
back to your A P PRODUCTS
distributor. He'll replace it,
no hassles.

To help you see for yourself
what a big difference the little
things make, we're offering
you a 10% discount on the entire
A P PRODUCTS ACEBOARD/
Breadboard line .

Just fill out the coupon
and present it to your
A P PRODUCTS distributor.

The purchase price of
any size ACEBOARD

or Breadboard product.

see there
is more than a pres
sure sensitive mount.
It also insulates to prevent
shorts and seals the bot
tom of the individual
spring clip cells.
If solder shavings from

resistors or com-
ponent leads
drop into the
cell, they can't
spread into
other cells to
short them out.

Takea close
look at our
ACEBOARDS.
AP PRODUCTS
has the biggest
and most com
plete line of

ACEBOARD sizes. It's
also our commit-
ment to you
that if your
ACEBOARD
doesn't

ACEBOARD # _
Limit 5 ACEBOA RDS or Breadboards per coupo n. Offer valid only at particip atmq AP PRODUCTS distri butors. RE 585

Address _

City State Zip _

Dealer Name _

Your Name _

For the name of the
distributor nearest you,
c a ll TOLLFREE (800) 321-9668 ,
(In Ohio , call collect : (216) 354 -2 101),

®

aD A P PRODUCTS~ I__~ INCORPORATED
9325 Progress Parkway, Box 540
Mentor, Ohio44060, [216] 354-2101
TVVX:810-425-2250
In Canada. call Lenbrook Electronics· (416] 477 -7722
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Being the first company to
make solderless breadboards
isn't necessarily what makes
us the best. It's all the little Leads
things you don't see, like our won't buckle, clips
spring clip terminals, that make won't oxidize, it all adds
A P'" PRODUCTS up to longer life.
ACEBOARDS so Even from the out-
big on reliability. side there's more

From our larg- to an ACEBOARD
est ACEBOARD than meets the
with over 5000 tie eye.Our durable
points, to a single tie Acetal Copolymer
point block, our spring clip plastic body is a
terminals give you nothing good insulator with excellent
but good, solid contact on dielectric properties.
every connection. They accom- And special manu
modate a wide variety of leads facturingtechniques
and have the best electrical in the insertion of the
properties, because our spring contacts into the
cl ips are solid alloy, not plated plastic body insure
nickel. We've even developed that your Breadboard
enough normal force to break will always remain
through any oxides which could flat. No skimp ing or
occur on solder plated leads. planned obsolescence
You'vecome to trust our test here. Again, just good
clips for the same reason. solid contact on

Since one bad connection everyconnection.
can ruin a whole circuit, we pay Turnour breadboard
close attention to how well our body over...and you'll dis
spring clip terminals sit within cover another key to it's
the insulator cell areas. reliability. The
Spring clip edges are double-sided
never exposed at the adhesive
insertion window. foam you'll

LITTLE
THINGS
MEAN
A LOT



Introducing a broad,newlineofmulti
feature, cost-competitive instruments from
Beckman Industrial Corporation"

They're in stock now and as dose as
your local Beckman Industrial Corporation
distributor. Just walk in and choose the instru
ments thatprovide the features and functions
you need. Thenbuythemand take themhome,
or to work. No more ordering and waiting.

Whichever instruments you choose, you'll
bebuying our reputation for high quality and
reliability, plus straightforward, easy operation.

And you'll be getting it all for a very afford-

able price. In fact, you'll
have a hard time finding comparable instru
ments thatoffer as muchfunctionality and qua

All ofwhich makes this line ofinstrument:
an exceptional value.

Choose between our 100MHz or 60MHz
advanced design oscilloscopes. Both provide
professional gradeperformance. Both also
feature dual time base and three channels.

The UClO Universal Counter measures
unitcount, period, timeinterval and frequenc
to100MHz. And the FG2 Function Generator
produces sine, triangle and rectangular waves 1

to2MHz and at continuously variable dutycyc



and partswill be
available close to home from your local
Beckman Industrial Corporation distributor.

Now it's easier than ever to buythe name
with a reputation for the bestquality-and
value - inelectronic and electrical instruments:
Instrumentation Products Division, Beckman
Industrial Corporation, A Subsidiary of
Emerson Electric Co., 630 Puente Street,
Brea, CA 92621, (714) 773-8111.

Our newcircuit-powered LPlO Logic
Probe is the ideal, low costway to checkTTL,
DTL, HTL and CMOS signals.

The CM20 Capacitance Meter is a low
cost, hand-size meter that letsyou measure
capacitance up to 2000/lF, easily and quickly.

TheCT233 AC/DC Current Clamp enables
you touseyour digital multimeter tomeasure
AC or DC current without breaking the wire.

Plus every instrument isdesigned,manu
factured,and tested to ensureyears oftrouble
free, reliable operation.

And whichever products you buy, service
CIRCLE 98 ON FREE INFORMATION CARD
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LETTERS

continued from page 22

In addition, the R7-C14 (R23
C27) comb ination used for de-em
phasis has a time consta nt of 100
IJ..s-that is not w idely used . To ac
commodate the mo re widely used
75 IJ..s pre -emphasis curve, R7 (and
R23) should be changed to 7500
ohms.

Also , the R10-R9 (R26-R25) re
sistors for IC5-c (IC5-d) wi ll give
that non-inverting amp lifier a gain
of 7.7, not 6.6.

Finally, demodu lating in the ma
t rix mod e w ill produce aud io lev
els twice as high as in the discrete
mode accordi ng to the circuit di
agram .
TOM BENTSEN
Upper Montcleit; Nj

We d id not mean to m islead
readers on the tech no logy ofmod
ulating satellite transponders. Ap
paren tly the letter writer has some
confusio n abo ut the wo rd "effec
tive".

For the letter writer to assert " to
be accurate the effective band
width of the modulated carrier is
36 MHz, " demonstrates a funda
mental misunderstanding of how
FM modulation is molded mathe
matica lly and the intent of Car
son's rule .

To be even more accurate, per
forming the derivation of the spec
trum bandwidth for FM is typically
a very difficult task. Strictly speak
ing, the bandwidth of a frequency
modulated signal is in fini te. Since
frequency modulation of a carrier
resu lts in the generation of an infi
nite number of sidebands.
However, at the extreme edges of
the bandwidth, the amp lit ude and
consequently the power of those
sidebands become negligib le so
that bandwidth can be defined by
considering only those sideband
signals that contain significant
power. The acceptable power ratio
is dictated by the particula r ap
plication of the system . Accepting
some distortion in satell ite trans
mission and throwing away 2 % of
the bandwidth power then:

BW =2(D EVIATION RATIO +
1) X (MAXIMUM M O DULATING

FREQ UENCY.)

That expression for bandwidth
is generally referred to as Carson's
rule. But that is not fully descrip
tive of what is happening. A more
accurate derivation in volves the
tabu lated Bessel functions and the
Fourier series:

eJBsinwmt

The purpose of the article was
not to get hung up on semantics,
but to present a fun and useful kit.
I am glad that all this bandwidth
stuff works out, however. for it has
allowed me to enjoy stereo movies
for over a year. As for other mat
ters, we apologize for th e mis
prints.
DR. ROGER COTA,
Video Cont rol Vancouver, WA

APO LO GY
I feel that lowe Mr. Grossblatt an

apo logy; I tender it herew ith.
In his June, 1984, arti cle on the

CD4018 sinewave generator he
stated that "We are not usin g the
Qs output of t he 4018 because it 's a
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Our 2 MHz Function Generator
has an unlimited range.

Model 20 not onlycovers the.002 Hz
to 2 .1 MHz frequency ranf;je, it covers
the world . With inte rnal NICadbat
teries; you can take Model 20
anywhere and get triggered. gated or
continuous waveforms-sines,
squares. and triangles up to 20 volts
peak to peak. It recharges from wall
transformer [included] or external
source from 12 to 25 VDC or 10 to
18 VAC. Model 20 also has many of
the features youwould expect from
the indust ry leader in funct ion gener
ators. includingVCGinput connector
for external sweep or FM. step
attenuator to - 80dB, and a TIL
pulse output. The price is just $395.
For a data sheet or to order, call or
write Wavetek San Diego. P.O. Box
85265,9045 BalboaAve., San
Diego, CA 92138. Phone [6191
279-2200; TWXJ910] 3~5-:2007.
*Batteries not include .
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quick and dirty way to make the
waveform conform more closely
to a sinewave." On the basis of
symmetry consideration s I
jumped to the conclusion that the
circuit would not work with that
output. (See "Letters," Nov. 84.) I
was wrong. It will function better
with than without it.

Fourier waveform analysis re
veals that even harmonics are ab
sent from both waveforms; odd
harmonics (particularly the third)
are higher for the flat-topped
waveform, which will make it un
suitable for many applications:

This application of his "common
sense" approach reminds me of a
proverb: Nothing is obvious -un
less you have seen it before . I won
der if he has seen this before? I
have, so I have no excuse; I just
allowed myself to be carr ied away
in the heat of the moment. .
L.D. SMITHEY
Pacific Palisades, CA

MORE ON ANTENNAS
The "Communications Corner"

column on phased VHF vertical

antenna arrays (Radio-Electronics,
October, 1984) was a good article,
except for a couple of items that
should be added.

The antennas are going to have
definite driving point imped
ances, which will include mutual
impedance, that can be calculated
from knowledge of the antenna's
length and spacing. Those driving
point impedances will then be
transformed to different values at
the other end of the phasing lines
(lines other than one wavelength
long), that can easily be deter
mined from a Smith chart. The
transmitter will then see the paral
lel combination of those two trans
formed impedances, and that
number will most likely be a rnis
match to the standard 50-ohm re
sistive termination.

Varying the length of the phas
ing lines and/or the antennas
slightly can help in neutralizing
the react ive components, and thus
bring the VSWR down; also keep .
in mind that if the feed-point im
pedances of the lines are different,
the antenna currents will be dif-

ferent, and the radiat ion pattern
will be affected. An excellent in
troductory book on such things is
the ARRL Antenna Book.
MARTIN E. GASPAR
Salt Lake City, UT

APPLAuSE
I'm not much for writing-but

after saying amen to many reader's
letters asking you not to become a
computer magazine, now I'm ap
plaud ing your construction arti
cles on the Timex/Sinclair 1000.

I own a number of computers,
but would not attempt to modify
most of those. An exception to
that is the 1000. Thanks to your arti
cles on using that computer as a
controller (Radio-Electronics, July,
August, and September 1984), I am
making the 1000 into a dedicated
controller for my solar heating sys
tem, and learning a lot about how
computers work in the process .
So, keep providing your readers
with good construction articles of
all types.
O.R. HERMAN
Williamsport, PA R-E

Yourcustomerjustpaid
good~ fora semcecalL

Don't lethimblow it!

~
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need for a replacement suppressor.
Once they realize how much damage it

can prevent, your customers will want to
buy RCA'sVoltage Surge Suppressor to pro
tect their TVs, computers, sound systems,

microwave ovens and other electronic
equipment. Every SK403 and SK401 has been

tested before leaving the factory. So why blow a per
fect opportunity to protect a satisfied customer? Stock

up on RCA's profitable Voltage Surge Suppressors today.

Call your RCASK Distributor or write: RCA
Distributor and Special Products Division,
2000 Clements Bridge Road, Deptford,
NJ 08096, Attn: Sales Promotion Services.

RBII
51< Replacement
Solid State

All your hard work and your customer's
hard-earned money are wasted when a
voltage surge hits. All it takes is a nearby
lightning strike or the switching of a load
within a building. RCA's Voltage Surge
Suppressor can prevent this damage to
sensitive electronic equipment, and assure
you of extra profit on every service job you .do.

Available in a 3-way version, SK403, and a single
socket version, SK401, the suppressor plugs into any
15-amp, 125-volt grounding receptacle or
cord connector. If constantly overloaded,
the suppressor wiII cut off power to equip
ment connected to it, guarding against
unprotected operation and signalling the



EOUIPMENT REPORTS

Multiplex Technology
ChannelPlus Video

Multiplexer

Heres a video "switcher"
thet's not a switcher!

AS YOU ADD MORE V IDEO-ENTERTAIN 

ment equi pme nt to your TV, the
need fo r some type of switche r
grows. That usually means mor e
knobs to turn, more required set-

CIRCLE 5 ON FREE INFORMATION CA RD

up t im e, and mor e int imidatio n fo r
t he "elect ron ic-shy" in yo ur famil y.
But that doe sn't have to be t rue,
t hanks to ChannelPlus from Multi
p lex t echn ol o gy (251 Imperi al

Highway, Fullerton , CA 92635).
ChannelPlus wo rks to give yo ur

hom e-v id eo so urces t hei r own
UHF TV channe ls. It accepts your
vid eo and audi o inputs and it out
pu ts an RF signa l. Three sets of
inputs and outputs are availab le.
And alt ho ug h it co me preset to
certa in channels, you can select
ot he r UH F channels for yo ur out 
put. (Those between Channels 20
and 40 give the best results.)

Using ChannelPlus
Let 's look at how you wo uld use

ChannelPlus to co nnec t your VCR,
continued all page 32

OTHERMODELS ALSO AVAILABLE

Jerrold JRX-3 $49.95' Jerrold DRX-3 $69.96'
Jerrold RSC-3 $39.95'
'Reconditioned Units With 30 Day Warranty

j

DW63K

$74.95

• TV On-Off Feat ure
• Infra-Red Wire less

Remot e Cont ro l

• SpecialPrice on New Factory
Fresh Unit s - $69.95

• Warranty Not Valid After
15 Days From Receipt

DW42K

$49. 95

• 60 Channel Capacity
• P.L.L. Tuning
• 6 Channel Memory

• MasterCard & Visa Add 5%
• Checks - Ailow 14 Working Days
• Freight Charges: Sent Coilect
• Order 20 or More - Freight Prepaid

Phoenix Electronics
1 Midwood • Allendale, NJ 07401

(201)848- 8229

ONLY $59~5
FACTORY

REFURBISHEO
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL'S

31

• , ~ McGraw-Hili
~ A Continuing Education Center

l i ne ~ 3939 Wisconsin Ave.
• • Washington, D.C. 20016

wants
an update in con

temporary circuits.. .a
manager or supervisor in an electronics
plant.. .a doctor, an engineer, a chemist
who finds electronics playing an
increasingly important role in your
work. It's even for electronicsengineers
or technicians who feeltheir training
needs freshening up. It's the quickest,

most convenient,
probably least
expensiveway to

-=- .. do it. And the
. ".. ~~ . only one that gives
. . you hands-on

.~ experience.

IS-Day No-Risk Trial
To order your first module with

out risk, send the postage-paid card
today. Examine it for 15days under
the terms of the order form and see
how the Contemporary Electronics
Seriesgets you into today's electronics.
Ifcard has been used, write us for
ordering information.

Perform
Experiments

in Contemporary Electronics
Throughout your series, lab

oratory experiments reinforce every
significant point. This
essential experience
, . .dynamic; hands-on
demonstrations of
theory in practice ...
will help you master
principles that apply all
the way up to tomorrow's
latest VLSI (Very Large
Scale Integrated) circuitry.

In your very first module, you 'll
use integrated circuits to build a digital
oscillator, verifying its operation with
a light emitting diode (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

With your first
module, you
get this
solderless
breadb oarding
system. You'll
use it through 
out the seriesto
build elec
troniccircuits
and bring
concepts
to life.

The fast, easy and low cost way to
meet the challenges of today's

electronic innovations. A unique
learning series that's as innovative as

the circuitry it explains, as
fascinating as the experiments you

build and explore.

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

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. Fifteen
unique Concept Modules, sent to you "
one every 4-6 weeks, give you a
handle on subjects like optoelec
tronics, robotics, integrated circuits,
lasers, fiber optics and more.

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

Unique Interactive Instruction
With each module, you receive

a McGraw-Hill Action Audio
Cassette. Each tape is a dynamic
discussion that drives home the key
facts about the subject. Your learning



''pTS,rebuilt mod ules
are better than brand

CIRCLE 89 ON FREE INFORMATION CARD

new ...

that are modulated wi th your vid
eo and audio inputs.

Advantages of ChannelPlus
The main adva nta ge of

ChannelPlus is t hat once you set it
up, you never really have to worry
about it. That can be seen by the
front panel-it has no controls (ex
cept those under a decorative
cover). There are 4 LED's however.
One indicates that power is sup
plied . (There is no power switch
the unit is always left plugged in.)
The other 3 indicate that an accept
able video signal is being input to
the device.

ChannelPlus is at t ract ive but,
since you never have to touch it,
you can position it somewhere out
of sight. As long as you remember,
for example, that your VCR is on
channel 25 and your personal
computer is on Channel 35, all you
have to do is turn to one of those
channels to watch the appropriate
source . And you can even use your
remote control to tune it in.

If you have several TV's pres
ently wired to the same antenna,
you'll be able to use ChannelPlus
to watch different video sources

. throughout the house. For exam
ple, even if all your video equip
ment is in one central location, the
VCR could be watched on one TV,
whi le a videodisc is watched on
another. Using that feature an
other way, you could watch a sin
gle source on all the TV's in the
system at the same t ime.

That would come in very handy
for a home-security system that
uses several video cameras. You
cou ld assign, for example , the
camera s in the nursery, and at the
swimming pool to different chan
nels. And you could watch those
cameras simp ly by turn ing to the
appropriate channel on any TV in
the house.

You might wonder why you .
would want to use ChannelPlus
with your VCR-afte r all, the VCR
has an output on Channel 3. Un 
fortunately, there is a very good
reason : As a cost-cu tting measure ,
the RF modulators used in many
VCR's-even some of the most ex
pensive-are n ot of the best
qual ity. So byp assing the VCR's
own modulator and using one in

continued on page 36

PTS

input of ano t he r Chann elPlu s if
yo u want to expand yo ur system at
a later time.

Once you have your antenna
connections made, you can hook
up yo ur video sources. The video
and aud io ou tp uts of you r VCR,
vi deodi sc player, and computer
wo uld go to th e video and audio
inputs on ChannelPlus. When ev
erything's turned on, the antenna
out put th at is fed to your TV w ill
contain th ree sign als that it pre
viously didn 't-the UHFTV signals

I use PTS modules and tuners because of their
automatic updates. Compared to original
manufacturers' new and rebuilt parts, PTS is

be tter. Quality and turnaround makes the
difference. PTS does a better job of rebuilding

'cause that's all they do."

Try PTS rebuilt modules and tuners for:
. Fast 8 hou r rebuilding service

• Full year limited warranty
. One stop shopping for all makes/

all models
. Availability at over 1500 authorized

stocking distributo rs
. Quality rebuilts that

meet or exceed orig
inal manufacturers'

specs.

...

The
Professionals'
Choice

EQUIPMENT REPORTS

continued from page 28

vid eod isc player, and your hom e
co mpu te r to your TV. The f i rst
thing to do is to hook your prese nt
TV ante nna to ChannelPlus . It 'san
te nna output can t hen be fed to
you r TV-o r to a spl itter if you
have more than one TV. (We' ll see
wh ere that ca n co m e in ve ry
handy.) You can even daisy-chain
the antenna outp ut to th e ant enn a
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Model 1580

QUANTITIES ARE LIMITED

$995
Does not include probes
($60.00 a pair when purchased with scope)

ADVANCE ELECTRONICS
IS PROUD TO ANNOUNCE

Ba1111lI1IJJI&ciR~~~fr~~BREAKS THE PRICE BARRIER
WITH THESE HIGH PERFORMANCE

OSCILLOSCOPES
100 MHz Dual Trace/
Dual Time Base
• 1 mV/div sens itivity
• 23 calibrated sweeps
• Rectangular CRT with internal

graticule and scale illumination
• Signal Delay Line

40 MHz Dual Trace

• X-Y operation
• Z axis input
• X10 sweep magnification
• Delayed sweep/dual t ime base
• Single sweep
• Auto focus

• 6 kV accelerating voltage
• X10 sweep magnification
• Auto sweep
• V mode-displays two

signals unrelated in
frequency

• Sum & difference
capability

• 1 mV/div sensitivity
• 21 calibrated sweeps
• Rectangular CRT with internal

graticule and scale illumination
• Video sync separators
• Signal delay line
• 12 kV accelerating voltage

20 MHz Dual Trace
• 1 mV/div sensitivity
• 20 calibrated sweeps
• Rectangular CRT with

internal graticule and scale
illumination

• Video sync separators
• X-Y operation
• Z axis input

Please add $15. shipping in Continental U.S. CALL FOR PRICES
HOl L\NE

lOLL FREE 0474
800-223-

212-730-7030

26 WEST 46th STREET. NEW YORK. N.Y. 10036



61 PHILIPS '$3U:.lij WESTON "I!. ) Non-Linear Systems LEADER

•

MODEL 820

• Resolves to 0.1pF
• 4 digit easy-to-read

LED display

• Fuse protected
against charged
capacitors

• Overrange Indlcatlor

• 0.7% Accuracy
• Autorange Only
• 10 Amp Only

PRICE DOES t
INCLUDE PRO

• 1mV/division sensitivity to 70
MHz

• 500 JL V/division cascade
sens it ivity

• Four-input opera tion provides
trigger view on 4 separate inp

• Alternate time base operation
• SWitching power supply delive

best eff iciency and regulation
lowest weight

BrflIIIIIfJI
70 MHz Dual Time Ba~

SCOPE MODE
1570

:l ...... . ;:-:-. \
'.1 , - ..

CAPACITANCE METERS
$199 95 $15995

75

1$9900 11$79951
and free C70
holster 73

FLUKEr I~
•••

SERIES
MULTIMETERS • .. •• -. .I

• -

• 0.5% Accuracy
• Manual or

Autorange
• 10A + 300 mA

Range
• Beeper

MODEL 830

• Automatically mea
sures capacitance
from 0.1pF to 200mF

• 0.1pF resolution

• 0.2% basic
accuracy

• 3% digit LCD display

MODEL
5208

• Now with HI/LO Drive

• Works in-circuit when
others won 't

• Identifies all three tran
sistor leads

• Random lead connection

• Audibly and visually In
dicates GOOD transistor

• Analog Display • Rotary Knob • Volts AC &
DC • Resistance to • 32 Mn· 10 Amps • Diode
Test • 3200 Counts • Fast Autoranging • Function
Annunciators in Display • Power-Up Self Test
• 2000+ Hour Battery Life wI Power Down "Slee
Mode" • New Test Leads • VDE & UL Approval

• Frequency measuements to
200KHz

• dB measurements
• Basic de accuracy 0.4% ; 10iLV,

10 nA and 10 mn sensitivity
• Relative measurements
• True RMS
• High·speed Beeper

WE CARRY A FULL
LINE OF FLUKE
MULTI·METERS.
IN STOCK NOW

Sale ends May 85

• 0.3% Accuracy
• Manual or

Autorange
• 10A + mA Range

• Beeper
• "Touch-Hold"

Function

77

MODEL
8060A

4% DIGIT
MULTIMETERS

NOW
IN STOCKI

THE NEW
FLUKE 27 SERIES
WORLDS TOUGHEST METER
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BECKMAN'S CIRCUITMATE ®

ALL UNDER $100

-Small Size
-Complete
Autoranging

-"Touch Hold"
-Audible
continuity
checking$76 95

i ne OM 77 gives you
the convenlenca of

auto ranging plus 10
amps ac/dc

measurement
capab ility. You simply

selec t the fu nct ion
you want , and the

OM 77 automatically
sets the required

range.

SALE
$59.95

The DM73 is the smallest digital
multimeter on the market. Its

probe-style design makes it ideal
for taking measurements In hard

to-reach test areas.

$69 95

$89 95

Ci rcui tmate OM 45 
3'12-digi t mul t imeter;
0.5% Vdc acc uracy,

diode test ,continuity
beeper, 10 amps AC

and DC ranges, auto 
zero, auto-polarity,

auto-deci mal

Circuitmate OM-40 
3'12-digit multi meter;
0.8% Vdc accu racy,

dio de test, auto
polarity, auto-zero,

auto -decimal

$79 95

Circuil mate OM 20
3'12 -digit, pocket-size

mul timeter; 0.8% Vdc
accuracy, diode test,

hF E test, conductance,
10 amps AC and DC
ranges, auto-polarity

auto-zero, auto
decim al

Circuitmate OM-25
3'12 digit, pocke t-size
mul ti meter; 0.5% Vac ....-iiiiiii-.l.
accuracy, diode test,

capa citance, con tinu ity
beeper, conductance,
10 amps AC and DC

ranges, auto-polarity,
auto-zero, auto

dec imal

AVAILABLE NOW. . .

$64 95

- :---- - ,.
. .--"

o

5329 95 MODEL 1650

• Functions as three separate
supplies

• Exclus ive track ing circui t
• Fixed output 5VOC, 5A
• Two 0 to 25VDC outputs at 0.5A
• Fully automatic, curre nt·li mited

overload protection

MODEL
1601

POWER SUPPLIES

FUNCTION GENERATORS
MODEL

3020
$189 95 SWEEP FUNCTION

• Four instruments in one package
- sweep generator, function
generator, pulse generator, tone
burst generator

• Covers 0.02Hz-2MHz
• 1000:1 tuning range
• Low-distortion high-accuracy

outputs

529995

:1<PRE CISION

-
-~ ---.•

• "?~ • .-. : .
..: : . -'.

• Sine, square and triangle output
• Variable and fixed TTL outputs
• 0.1 Hz to 1MHz in six ranges
• Push button range and function

selection
• Typical sine wave distortion

under 0.5% from 1 Hz to 100kHz

• Isolated 0·50VOC, continuous ly
variab le; 0-2A in four ranges

• Fully automatic shutdown,
adjustable current limit

• Perfect for solid state servicing

Wi !,
I

Joj I
I I I

BECKMAN does it
again...a true RMS
41'.! DMM wll year
calibrated cycle at
a 31'.! digit price .

AVAILABLE NOW!

in stock now

$3995

...Quality and Performance
Beckman and 4Y2 Digits ...

True RMS

NEW
Beckman

Circuit-mate
DM10

HOl L\NE
lOLL FREE 0474

800-223-
212-730-7030

26 WEST 46th STREET, NEW YORK, N.Y. 10036 -



Texas Instruments Understanding serles.t

Multiplex Technology ChannelPius

OVERALL
PRICE

EASE
OFUSE

PRICE/
/VALUE

Mi rage 823A 2-Meter RF
Amplifier

CIRCLE 6 ON FREE INFORMATION CARD

Turn your 2~meterhandi
talki into a 30-watt mobile

transceiver.

INSTRUCTION
MANUAL

also output signals on cable chan
nel s 57-64.

Th er e are seve ra l model s of
Chann elPlus avail able . The two
main ty pes are t he "v" series and
the "R" ser ies, w hich accept com
posit e-vid eo (an d audi o) signals
and RF (Channel 3 or 4) signals re
specti vely. In each type, models
with on e, two , o r three sets of in
puts and outputs are availab le. We
examined th e mod el H3V, which
accepte d 3 video and audio inputs.
That mode l is pr iced at $269.95.
The o ne- and two- input models
are pr iced at 129.95 and 199.95 re
spe ct ive ly. Th e o ne- two- and
three-channel RF- input mod elsare
pr iced from about $160 to $360. For
cable-ready mod els, you mu st add
$10.per output.

If yo u have only one TV and ju st
need a way to sw itch between vid
eo sources, th en ChannelPlus may
be more than you need. But if you
have several TV's t ied into the
same syste m , . ChannelPlus b e
co mes a wor thwh ile add it io n. R-E

IF YO U'RE AN AC TIVE RAD IO AMATEUR ,

one of th e necessiti es of li fe- es
continued 0 11page 42

2122
RE485

•TEXAS
INSTRUMENTS

Creating useful products
and services for you.

Address, _

Clty _

state Zlp _

supplied wi th th e unit.
The manual serves its intend ed

interest well-it tell s you how to
set up th e unit. But it did have
some sho rtcomings. For example ,
th ere is no power switch on th e
ChannelPlu s. But there is no men
tion of leaving th e un it on all the
time.

If you are a cab le-TV subscriber,
you can st i ll use ChannelPlus, but
you 'll have to order the "CR" or
cab le-ready model. You can st i ll
output signa ls on UHF, but you can

Mail to:
Texas Instruments Incorporated
Informat ion Publishing Center
P.O. Box 225474, MIS 8218
Dallas, Texas 75265

Novice, professional, technician or
hobbyist, there's an Understanding
Series title just for you. Each book
is a self-contained volume that takes
you through the material step-by
step. For the newcomer, it's a quick
and easy way to learn. Practitioners
will find it an ideal way to catch up,
keep pace and review. You'll like the
iook, too. These editions will make
attractive additions to any reference
library. Information-intensive, with
color illustrations, they're easy to
read. And marginal notes speed and
simplify summary or review. The
Understanding Series. Exciting, time
ly subjects in an inviting new tor
mat. Check your choices on the
coupon and mail it, today.

© 1985 Texas Instruments Incorporated

Please send me the following titles
@ $14.95 each:

II of copies
__ Understanding Automation Systems LCB8472
__ Understanding Automotive Eiectronics LCB8475
__ Understanding Communications Systems LCB8474
__ Understanding Computer Science LCB8452 Namo _

_ _ Understanding Data Communications LCB8483
__ Understanding Digrtal Bectronlcs LCB8471
__ Understanding Digital Troubleshooting LCB8473
__ Understanding Microprocessors LCB8451
__ Understanding Solid State Electronics LCB8453
_ _ Understanding Telephone Electronics LCB8482
Md $1.25 per book, postage and handling. Prices subject to change without nolice.

Enclose check or moneyorder with salestax(except AK, DE, NH , OR). Foreign orders must be in U.S. dollars and include
shipping charges . Sorry, no phoneorders.

Books about today's science
and technology... for everyone.

EQUIPMENT REPORTS

ChannelPlus can result in a sharp
er pi ctu re.

C ha n ne l Pl us is w ell co n 
str ucted, well shi elded, and does
everything it claims. The isolation
betw een video inputs is greater
than 70d B, and it s ma ximum
power consumption i s only 7
watts. Ou r onl y o bject io ns are
minor. For examp le, no cables are

continued fro m page 32
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_ Highest quality _ Highest performance - Lowest prices

~VIDEO-CINE
CONVERTER

The BP Video-Cine Converter is an
optical device that allows the easy
transfer of slides , 8mm or 16mm
movie film to VCR tape. The Video
Cine Converter's precision optics put
the image from your movie or slide
projector on a high-cont rast, rear
projection screen. Your video camera
shoots that image, can color-correct
faded pictures, add narration to other
sound. Can be used with any video
camera or slide projector. If your
video camera lacks close-up capabi lity,
you will need a macro lens attachment

MODEL V·1701 $3495

FOR ULTI IE G

Wireless remote control with volume for cab le
TV,VHF-UHF antenna systems upgrad es any
TV to 140 channel capability.
• Works with any TV set. Quick, easy
installation. Off-air and cable compatibl e
• Quartz frequency synthesizer tuning. Direct
access/memory scan selector . Ultra-compact ,
hand-h eld wireless remote control

TEKNIKA
WIRELESS REMOTE
CONTRO L TV TUNER
&CABLE CONVERTER
WITH VOLUME CONTROL

Model 6510

$1699 5
61 CHANNEL WIRELESS
REMOTE CONTROL

Model V7661 $7995

Wireless remote control on/off , channel
selection and fine tuning.
• Works with any TV • 61 chan nel capab ility
• Microco mputer controlled PLL operation
• Converter panel contro llab le for channel up,
down, on/off, fine tuning. • LED display
• Compatible with CATVsystems.

STABILIZER/IMAGE ENHANCER/RF
CONVERTER/VIDEO FADER/2·WAY
DISTRIBUTION AMPLIFER

Model V1880 $999 5

Hook-Up
cable kit

$11.75

The most versatile, alHn-one video processor.
Can be used as a video guard remover for
video tapes, enhance r, video to RF converter,
professional video fade in and out and a dual
output distribution amplifier.

•• ••
~\~IIC1rd]m

Model V4804 $4995

Record a pay channel while
viewing a standard channel.
You can also connect an
antenna/cable, VCR,video disc
player, home computer and
video game.

VIDEO TAPE REWINDER Model V7777 VHS $499 5

Model V7778 BETA $499 5

Reduce wear and tear of your
VCR heads with the AC
powered circuit protected
rewinders, LED power-on
indicators.

Service and Shipping Charge Schedule
FOR ORDERS ADD
$25-250 $4 .50
$25 1-500 $6 .50
$501-750 $8 .50
$75 1-1,000 $12.50
$1,00 1 and up $15.00

, ~ . ~ Phone orders accepted.Charge It with VISA/MASTERCARD.

Fordham 800:&45·9518
260 Motor Parkway, Hauppauge, NY 11 788 InNY State 800·832·1446 L..-. --'



What canyou d(j
Justabou

CIE can show you how.
Computer technology. Satellite communications.
Cable television. Cellular radio. Digital electronics.
Robotics. Just a few of the hottest career areas
in electronics. The ones everybody is talking
about. The ones that are changing the way we
live, the way we do business, the way we ent~r

tain ourselves. The best way to start a career In

any of them? By learning the basic electronics
theory and principles of how they work from CIE.

Join a leader.
Leading the world in specialized electronics train
ing CIE is the largest school of its kind with over
25 000 students at home and abroad . And with
ov~r 50 years of experience teaching electronics
to thousands of men and women through proven

methods of independent study without class
room sessions.

Learn as much as you want
when you want.
Whether you're interested in learning new skills
or upgrading old ones, earning a diploma or ~n
A.A.S. degree , CIE can match your needs With
courses and programs that let you start where
you want, go as far as you want fr~m a bas.ic
beginner course all the way to CIE s Associate
in Applied Science Degree in Electronics - a
comprehensive program that prepares you for
advanced electronics careers.

Custom training
equipment helps you learn.
CIE believes in the importance of learning by



with electronics?
rxnything.

World Headquarters

_ ______State _

Print Name, _

RE-09MAIL TODAY!

Age Area Code /Phone No. / _

Check box for G.!. Bill bulletin on Educational Benefits

o Veteran 0 Active Duty

Cleveland Institute of Electronics, Inc.
1776 East 17th Street · C lev eland. Ohio 44114

o Please send me your CIE Off-Campus Studies Catalog ,
including details about the Associate Degree program.
I understand there is no cost for the catalog and a CIE
representat ive may call , but there is no obligat ion.

,-=-------------aoing. So most of our courses include special
ized training laboratories keyed to specific less
ons for practical experience through teaching
experiments. Our CIE Microprocessor , for
example , comes fully assembled and ready to
use to teach you how a computer CPU works
through a series of exper iments you perform
on your own.

~e you ready?
If you're ready to do something now about your
future, there 's no waiting to enroll with CIE. Get
all the information you need to enroll simply by
calling us toll-free at 1-800-321-2155 (in Ohio,
1-800-362-2105). Or mail in the handy reply
coupon or card to Cleveland Institute of
Electronics , 1776 East 17th Street, Cleveland,
Ohio 44114.



series wi th th e o utput of th e hand 
held o r low-powered transceiver
and wa s design ed t o work full
time-there was no on-off swi tch.
It worked well , but th ere are times,
of course , wh en you don 't need to
output 30 watts (when you 're with
in a couple of miles of a local re
peater, for example). Man y hams
solved that problem by installing
an on-off swi tch in series with the
hot lead from th e battery.The B23A
includes an on-off switch.

The new package, wh ich is de
signed to look li ke its big brothers
in the lin e, also add s a 10-dB re
ceive r preampli fi er to help the
mobile ope rato r "dig out the weak

EQUIPMENT REPORTS

continued fro m page 36

pecially if you use a handheld ra
dio fo r mo bil e VHF wo rk-is a
small radio fre quency (RF) ampli 
f ie r. If you rely on the handh eld for
reli abl e communications th rou gh
a local repeater, an amplif ier can
becom e espe cially impo rta nt as
yo u m ove o ut of yo u r prim e
coverage area.

We recent ly came across an am
plifi er that is simple to use, relia
b le, and o ne whi ch effect ive ly
turns a simple two-watt handheld
radio transceiver into a high-out
put 30-watt mobile amateur t rans
ceiver : th e B23A from Mi rage
Commun ications (PO Box 1000,
M or gan Hill , CA. 95037). The B23A
is a multimod e VHF ampl ifi er th at
can provide yo u with up to 30 watts
of output for both sing le sideband
and FM communicatio ns.

The B23A ($89.95 suggested re
tail) is an updated versio n of a 4
year-o ld offe ring . Ori ginall y, t he
M irage B23 was designed to sit in

Mirage

OVERALL
PRICE

EASE
OFUSE

INSTRUCTION
MANUAL

PRICE/
/VAWE

823A ones." The preampli fi er do eswork
we ll and helps turn man y sit ua
ti on s th at are non-copyabl e into
situatio ns where you have reli able
communicati on s. One nice fea 
ture is that yo u can use th e re
ceive r p reampli fi er whethe r t he
amp l i fier sectio n is o n o r off,
w hich is a boon if you don 't need
th e amplif ier, but would like to use
th e receiver preamp. Of course, as
yo u wo u l d ex pe ct, the pr e
am p l if ier d o e s increa se th e
amo unt of syste m noi se, but you
would expect that with a VHF pre
amplifier. It isn 't a prob lem at all.

Overall , the KLM-Mirage 823A is
a pleasure to use. You simply hook
it up to your car's 12-vo lt system
and turn it on. With a minmum
input of 0.5 watt of RF, you find an
output of 5 to 7 watt s. An input of 2
watts gives you 28 watts out.

As you would expect, the ampli
f ie r can get rather hot. But M irage
has incl uded a more-than-ample
heat si nk to rad iate that excess
heat away. Over-temperature pro
tection , as we ll as VSW R protec-

continued Oil page 116

Pric o
$7 1 .8 5

18 .50
M .85
4 2.85
38 .85
38 .85
21 .1 5

TI LOW PROFILE

SOCKETS ~
Tin plated ZiP
cop per alloy
688 contact pins
with gas tig ht seal.
Stock 100

No. No Pins 1·24 25 ·99 999
11 201 8 $.10 $.09 $ .08
11202 14 . t 4 .13 .1 2
11 203 1e .16 .15 ,14
11 204 18 .18 .1 7 .15
11205 20 . 20 .18 .16
11 200 22 .22 .20 .18
112 07 24 .24 .22 .20
11 208 28 .2B .26 .25
11 200 40 .4 0 .3 7 .3 3

ScOlchllox" Broadboard
Sylteml Basic kit
comes with 24
various Dual Sock ets,

~ri~~i~r~~1~8 too ls.
Kit can be used with
any of the six boards.

Stock No. Deacr lptl on
03500 Ba SIC Kit
03$11 Basic board. 4_5x 5 .5
03506 Intel SBC·801 0 Board, 12 x 6.75
03507 Motorola M·6800 Board . 9.75 x 6
03506 5'100 Board, 10 x 5.3
03 50Q z-eo Boa rd, 7.7 x 7.5
03510 Eurocard Board 63x3 9

THERMOPROBE: Idonlllio. Deod
Co mpo ne nts - Replace . Volt Mete,..,
Identify aead com ponents whic h do no t
emi t heat. Ju st poi nt th ermi stor probe" ......
w ithin 1/ 16 " of board - mo_. ~
O\'~r co mpo ne nts and see ~..:__ ~,

:~~~ are ~~~~NO. r1fG5 _~~_

:~~ I~~~~t~~,~ TO~~~~
t rue ro w to ro w ~ .J ../spac ing. One Side IS ... .-/" ,,. .-

for.300 centers. Flip tool ONE TOOL DOES
~66b t~~~f:;~~~u t device 8 t hru 40 PINS!
in to ol and squeeze. Stock No , PI1ce

NEW! ANTI.STt,.rc"~J8~~ ~= :~~::~

SINGLE ROW '
SOCKETS

~ __~ Strip of 25 co llet socket S/pins-
.~~~ . moun t odd-centercom ponen ts

easily. Gold plate d conta cts.
Bo th styles brea k· Stock No. 1-2 4 25 50
abl e to an y numbe~10240 _ S. 1 .70 S1.50. $ 1 .30
of co ntact po Sit ions .
wan ted •

¢
. StriP 0140 pins With single

• beam sockets. Tin plated
co ntacts.

St ock N o. 1·9 9 100 500 1000
10850 $1.09 $.90 $.B2 $.7 2

'J29!:l ' ''p,"
13296 ' 6 p,,,
13 297 l a p,,,
13 29a ·20po"
132 99 22 PO"
13300 ·2" PO"
13 30 1 2a p·"
13 302 " Op ,,,
1330) 96 pon

SOC KET WR AP ID
Dip soc ket-sized plashc pane ls
WIth numbeflld hole s In prn toea 
ucn s Slip cntc socke t before
wIre wrapping to identi fy Pins
Also writ e on them fo r tccanc n.
Ie part nu mbe r. tuncucn . etc.
Slmplifl es lnl l lal Wife wrapPIng ,
trouble sh ootmg and repai r $1 95 pe r pack

.... ~- .

ee"': ~ .

.... ~ Ci ..... tII =_
e- ;:;...... =.

;: 0

28 8 th 51.. Bo x 410
COo Fren cht own , NJ 088 25

MICRO Chart. · colOrf ul 8 W' x
11" cha rts eliminate Ihe need 10
stumble thr oug h manu als and
summa ries. Fu lly decoded ' lrIstant
acce" • lo tally comPfehe nSlve - give s
pin OUIs, cvcre l im es, buy notes.etc , etc.
Sioc k No. ... ,. ..."c. Pm:.
2301 0 UIO CPU • S5 .t5
2 3011 5. t 5
23012 5.t5
2301 3 5 .t 5
2301~ 5.t5
23015 5 .8 5
23011 1OI61101OA •• •••• • . • •••• • ••••• •••• 5 .t5
23017 How 10 Va".f. llz. lr om • • • mpla . 5 .8 5
2 1 Word. ,.r . . . .

Stock No, of
No. Pln. ,.. 10 ·49 ,.

110 55 " 4 .9 8 $4.35 $3 .SKl
110 se 21 5 . 15 '. 50 4.05
11057 •• 6 ,8 1 S.U 5.35
110 58 I ' 12 .0 2 10.50 9.45

~
IC INSERTION/

£-.. EXTRACTION KIT

f)f: Includes DIP IC extr acto rs and
• .. Inserters lo aocommodate aUICs

- from a 10 40 plns_Too ls thai
enoag e conductIVesurface s are

,.__ lit. .. CMOS " fe and Includ e ground ·

,"g lugs. ~~~NO $ 4 1 34

OK MACH.INE AND TOOL

SUB CUB I and SUB 6 Digit LSI Counter Modul es w ith LCD Readouts
cUB: II are h i~h and Associated Stock No . Desc r iption Prlc ..

~~I~trerC~~ur~: ~r~ Mounting Assemblies 51 0 70 ~~~~~~i~nF~i~ction $45.00

~~~ ~~~~~U~o~~ules ~=-' ~f~g:: ~~tt~~~~~e
(Stoc k No. 5 1 0~ 1) . SUB CUBI. displaycounter j
~ahf~~~enf~ij(~f~k ' 5 10 7 1 ~~unting P.C. Board 7 .50

No. 51070) conl alns: C 51 0 72 s ub-cU B I display 18.00
p.c.bo~rd.4.5Vbattery L counter module only
and."anablefrequency 5 10 7 3 SUB-CUB II display 24.00
osc;:lI lator to supp ly .. counter module only
train of count pulses. m!J 51 074 Panel Bezel
Stock No. 51070 has ~ Evaluation Kit for
LATCH, RE~ET and ~ SUB-CUB II (does not
TEST functl(.,ns (3 ~ include SUB·CUB 1\
buttons). P.C. board counter module)
~~~~g~~~~bread' SUB CUB II 5 10 75 DATA SH EET

The Batt ery J ust Wrap' Tool
New battery powered 1001 wraps.Insulated
WIrearound 025~ SQuare posts WIthout n.ed

. .. 10l pr.-cutllng and pr.- str'PP'"O_ComPM:t.
' I WIthbotand 100 " 30 AWG w".

~
StOCk No D.-::nphon PrIC.e ., 33~O e.ll ery lUsl·"",ap 1001WIthblt

-, and 100 ,. 30 AWG W ll"• • • • • $ 5 8 .15
13341 R. plac.m .nt bll .•••••. _•••. 10 .35
133-42 10011 b1u.r eplac.menl w" e 7 _504

~ ~~~~ : gg ::. ;.~ :::~:;;~:,:;~t;~e ~ :~
1 33~5 100 11 fed replacemenl Wlre .; 7 .504

ARIESZERO~
INSERTION ' .
FORCE "
SOCKETS-

cam actuated, true zero
insert ion - tin plated sold er
tail p ins - capab le of be ing
plugged into dip soc kets,
includin g wire wrap.
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WE'IE TUIIIIIIB THE CIMPETITI
BIEEII WITH EllUl

NEW -TONE ELECTRONICS, INC.
44 FARRAND STREET, BLOOMFIELD, NEW JERSEY 07003

CIRCLE 260 ON FREE INFORMATION CARD

NTE is the red hot success story of the electronics
industry and the big boys are green with envy.
They don't like the fact that we've built our
reputation on giving you more of what you 're
looking for in a replacement part. More quality.
More reliability. And, more parts to choose from.
That's why more and more technicians across
the country are picking the package with the
green NTE diamond on the front.
NTE parts are extensively tested on state-of-the
art equipment during every phase of production
to ensure top performance - performance
that's backed by the industry's only two
year warranty.

What's more, NTE uses a special computer
controlled inventory system, so when you
replace or design with NTE, you can be sure that
the part you need is on your distributor's shelf.
Our new 1985 Technical Guide and Cross
Reference manual, which has over 3,100 NTE
types cross-referenced to over 220 ,000 industry
part numbers, is now available.
Why settle for our competitor's parts when you
get more quality and service with NTE? Look for
NTE's replacement parts in the bright green

polybags and cartons at your distributor today.
Don't forget to ask about our new Flameproof

Resistors and Wire Ties, too!
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New and Used Electronic Test Equipment
Sales • Service • Rental. Leasing

LAG·120B

$259.00

$189.00

BJl1ffJ!l1JJ
FUN CTION

GENERATOR

• Battery operated
• 3% digit LCD display
• Range 1 PF to 2,000 UF
• 0.2% basic acc uracy

GLOBAL
MODEL 3000

'$139.00
ADD FORSHIPPINGAND INSURANCE
SO to $250.00 $4.50
$251.00 to $600.00 , $6.50
$501.00 to $750.00 , $8.50
$751.00 to $1000 $12.50
over $1000.00 , $15.00

MODEL 3010
• Sine, square and tr iangle output
• Variable and fixed TIL outputs
• 0.1 Hz to 1 MHz in six ranges
- Typical distortion underO.5% from 1 Hz to 100

KHz
_ Variable DC offset
• VCO inpu t for sweep tests

$259.00

~
Audio SinwSquare
Wave Generator
• Distortion from <0.03%
• 10 Hz to 1 MHz

$145.00

DIGITAL CAPACITANCE METER

MODEL 3PN10l0V
RAG CARRIES THE COMPLETE STACO
VARIABLE TRANSFORMER LINE

CALL US WITH YOUR REQUIREMENTS.

naI!.1;Q
VARIABLE
TRANSFORMER

MULTI
FUNCTION
COUNTER

MODEL WD-755
_ 5 Hz to 125 MHz
• 8 Digit LED Display
• Period Measurement 5 Hz to 2 MHz
• Totalizes to 99,999,999 Plus Overflow
• Frequency Rat io Mode
• Time Interval Mode
_ Switchable Attenuator & Low Pass Filter

PRICE

$35.00

$39.00

$59.00

$30.00

• Master Charge
• VISA • COD
• Money Order ~

• Check IIiiiI/
COD's extra (required 25%deposit)

$319.00MODEL 1650

• Functions as three separate
supplies

• Exclusive tracking circuit
• Fixed output 5 VDC, 5A
• 1wo a to 25 VDC outputs at a.5A
• Fully automatic, cu rrent-limited

overload protection
• + and - terminals of each output

are fully isolated, in all modes
• All three outputs may be con

nected in series or parallel for
higher voltage or current

~@*thfTRIPLE OUTPUT
POWER SUPPLY

$125.00

DC POWER
SUPPLY

ELECTRO INDUSTRIES. INC.

MODEL ATIENUATION BAND WIDTH (MHZ)

2904 10X 100

2901 10X/1 X 100/5

2205 10X 250

2960 10X 60

CALL US TOLL FREE

1-800-732-3457
IN CALIFORNIA TOLL FREE

1-800-272-4225

MODEL 1301 $198.00
• Full y regu lated tr iple output
• Fixed SVDC, 1A
• V1 + S VDC to 18 VDC .SA
• V2 - S VDC to 18 VDC .SA
• Fully automatic current limiting

§ Polaroid 05-34

$369.00

Now you can get an instant
picture in black & white or co lor
from any oscilloscope screen.
Includes CRT hood
*Large hoods also available to fit
computer terminals and CAD/
CAM screens.

MODEL 3002AJO-30 VDC/0-2A

GLOBAL SPECIALTIES
TRIPLE OUTPUT POWER SUPPLY

I
- PDOBI 0 -II P b~""'''I.ID SCI oscope ro es

IPOWER SUPPLIES

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

L.EAIER
InstrllTleflls COI pCWatl()fl



:TJ\4(AM"~ . @ ELECTRO INDUSTRIES, INC-\1/-1 "-i?~T~~~ECI~I~~ 'l:'Y P, e J. Jon r .., ln. ' r lllMnU
~ ~GLOBALSPECIALTIES HAME G
~ '-'

- --- - -

SCOPE SPECTACULAR
I ~~tt!~gi~~tl PORTABLE OSCILLOSCOPES I

I
~--='===-=-==::#

MODELV·212 $461.00
DC to 20 MHz, 1 mV/div, Dual Trace
Features 6" Rectangular CRT
Full 2 year parts and labor warranty (w/two
X10 probes).

MODEL V·222 $536.00
DC to 20 MHz, 1 mV/div, Dual Trace, D.C. offset for
DMM Output, Verticle Mode Trigger
6" CRT (w/two X1 /X1 0 probes) .

MODEL V-422 $694.00
DC to 40 MHz,
other features same as V-222 (w/two X1 /X1 0 probes)

Model V-1 050 F shown

MODEL V·1050F $1276.00
DC to 100 MHz, .5 mV/div, Quad Trace, Delayed
Sweep, Full T.V. Triggering, alternate time base
(w/two X10 probes)

MODEL V-650 $956.00
DC to 60 MHz, 1 mV/div, tripple trace, delayed sweep,
Full T.V. Triggering, variable tr igger hold-off
(w/two X10 probes)

MODEL 5711 $1695.00
DC to 100MHz (typically over
120 MHz), 5 mV/d iv, True 4 channel
input, eight trace, Delayed sweep,
alternate t ime base , CRT acceleration
voltage 20 KV, (w/sadcle bag, front
cover , 2 ea. X10 probes) .

MODEL 5711 D $2495.00
(5711 with counter and DMM).

CIRCLE 254 ON FREE INFORMATION CARD

MODEL 88-5705
DC to 40 MHz
Vertical and horizontal deflection
accurate within ±2%. CRT accelera
tion voltage 12 KV. 3 channels,
6 traces. High precision calibrato r
(± 1%). Fastest sweep rate: 10 ns.
• High sensitivity 1 mv/div
• CH1 signal output
• Beam finder
• Delayed sweep
• Alternate time base
• 2 ea. X1/X1 0 Probes

MODEL 88·5702 $535.00
DC-20MHz,5 mVidiv
Dual trace
6 inch rectangular internal graticule
CRT.
Includes 2 each X1/X1 0 probes and
full factory warranty; 2 years on parts,
labor and CRT.

IC.l-~~ PORTABLE OSCILLOSCOPES

- - - -- -- - - - -
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The model AVS-6200 has remot e
contro l, and provides easy-to -use
reco rd-p layback functions on the

CIRCLE 12 ON FREE IN FORM ATION CARD

out needin g to reprogram t he
t hermostat whe n t he weathe r
changes .

User s may have d ifferent p ro 
grams for each day of th e week,
and up to six heating/cool ing set
ti ngs per day. There is also a vaca
tion-setting feat ure th at holds an
eco no mical tem peratu re while the
user is away, and allows him or he r
to specify the te mperature desired
upon return.

The Weather Wizard is price d at
$99.95.-Quad Six, Inc. 3753 Plaza
Dr ive, Ann Ar bor, M I 48104.

VIDEO CASSETTE RECORDER,
model AVS-6200, offers hi-f i stereo
and three playback speeds : SP, LP,
and EP. It in corporates such video
featu res as a signal -to -no ise ratio
of > 45dB and horizontal resol u
t ion at 240 li nes, w ith audio tea
tures t hat incl ude aud io -f req uency
modu lation-permi tti ng distor
t ion-free wide dy namic range
and Do lby B noi se reduction.

THERMOSTAT, t he Weat her Wiz 
ard, can be program med for th e
entire year in f ive to ten mi nutes
(and can be reprog rammed at any
ti me, in one sitting). The user can
program in his or her lap, o r at a
tab le, befo re instal l ing t he t he r
mostat on the wall.

Both heating and cool ing te m
peratu res can be programmed si
mu ltaneo us ly. The uni t reta ins
both heatin g and air-co nd itioni ng
sett ings in its electronic memory,
so t hat the des i red room tem
perature can be maintained w it h-

NEW
PRODUCTS

aUAORAFUZZ - for separate fr e
quency bands of distortion are mixed
for the smoothest fuzz you 've ever
heard. no.6720 ......•.. .. $ 39.88

HYPERFlANGEfCHORUS - the
cleanest, widest range, most-versatile
f1anger anywhere at any price.
no. 6750 . . _ _ $149.95

VOCOOER - unmatched perfor
mance in a versat ile, low cost rack
package. no.6710 $99.95

HOT SPRINGS - user's agree, sho rt
of studio plate systems, you won 't
find a better reverb at any price ,
no.6740 . . . . . . . . . . . . . . . . . $59.95

ADD $3 SHIPPING
FOR EACHKIT ORDERED

Innovative, cost effect ive designs by
Craig Anderton in easy to assemb le
kits from :

Introducin g an easy, inexpens ive, step by
step method for the home production of pro
fessional quality printed circuit boards without
a major equipment investment-KeproClad,
by Kepro, makers of quality industrial equip
ment and supplies. KeproClad was designed
for the home user who needs professional
results with:

A Simple Circui t Board ;
Use KeproClad unsensitized copper
clads. These boards come in 2 popular
sizes with 1 sided foil , a marking pen,
all for a suggested retail price as low as
$3.50.
A Fine Lin e Detailed Boar d;
Use KeproClad photosensitized cop
perclads. Available in 2 sizes with 1 or
2 sided foil. These copperclads use the
latest technology of negative acting dry
film photoresist. This material is ruq
ged, yet holds extremely fine detail. It
comes with a premeasured amount of
developer and sells for as little as $3.90
(suggested retail).

Other KeproClad products such as a photo
reversal kit for making negative film, etch, tin
plating solution and photoflood lamps are all
available at your iocal distributor. (For the
distributor nearest you, call or write:

KEPRO CIRCUIT SYSTEMS, INC.
630 Axm in ister Drive ., Fenton, MO 63026-2992

In MO 314-34 3-1630 To ll Free 800-325-3878

At Home Professional Quality
Fine Line PCB's.

CIRCLE 258 ON FREE INFORMATION CARD

CHARGE TO VISAORMe TOLL- FREE
'-800 '654 -865 7 9AM to5PM CST MON -FRI

IDiAElectronics. Inc.
Direct mail orders and inquiries to :Dept.11R
1020W. Wilsh ire. Okla homa Clly , OK 73116 - (405)W-9626

Ask for your free cata log.

SAVE BY BUILDING
OUR RACK MOUNT

STUDIO
EQUIPMENT
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A f lashing batt ery indicator and
a thre e-posit ion power and range
switch are also featu red . W hen the
power is on , the battery ind icator
blinks; no blinking means that a
change of batteries is needed. The
power and range switch turns on
the unit, select ing 0-200 amp or
0-600 amp operation . .

The model CT233 is priced at
$150 .00.-Beckman Industrial Cor
poration, 630 Puente Street, Brea,
CA 92621 . R-E

amp s AC, DC, or AC on DC. Also,
th e AC frequency response ex
tend s to 400 Hz; that is usefu l fo r
aircraft-maintenance op erations.

"In Just A Few o;y;:'Pii~:H;lb~----l

REAL MATH
J

b 'X. On Your Calcu lator!"" d]

a
f IIL= iall lim oQuick.oGuaranteed.dx Il ~ Yo oEasy. - Fun, Too!

INTRIGUED BY CALCULATORS ?Th en yo u can lems y OIl sllggest and it alwa ys GIVES ME A TH RILL
step up your math skills fast ! Use my new method in to see it start ou t w ith a wi ld guess mId then appl"Oach
gu ideboo k fo rm . It 's called CA LC ULA TO R the limi t and stop."
CA LCULUS. Thi s space -trave l spinoff is sure-fire, Professor John A. Ball of Har vard College (autho r
so it has a simple guaran tee - [usi return it for an of the book Algorithms for RPN Calculators ) wr ites:
im mediate rejund if you are no t astoll nded at the "I w ish I had had as goo d a calculus co urse."
problems y ou're solulng wi th it! Prof essor H. I. Freedm an of the U. of Albe rta ,

But the poi nt is - you won' t wa nt to send it back . writi ng in Soc. Illd . A ppl . Math Rev iew . states:
For this is the easiest. fastes t sho rtcut ever! The day
you receive your cop y in the mail you' ll want to put "There can be no qllesti on as to the usejulness of this
it to work. It's tha t exciting and helpfu l. book .. . Iots of exercises ... ve ry clearly w ritten and

My name is Dr. George McCarty . I teach math at makes for easy reading. "
the Universit y of Calif orn ia . I wrote this guidebook Tektronix Engineer Bill Templeton says "CA LCU
to cut through the confusion. I guide you with LATOR CA LCULUS is the best . m ost clearly w rittell
examples you follow step-b y-step on you r calculator book I have seell fo r improvi ng YOllr ma th skills."
- you do simple exerc ises - then you solve pra cti- I WANT YOU TO DO THIS. Get m y com plete
cal problems wi th real precision! k it . with a TI-35 calculator , plus its 200 p. Student

POWER METHODS. Need to evaluate functions. areas. Ma th Book , A ND the guidebook, A LL for $44.95
volumes - solve equations - use curves. trig. polar coor- (for shipping to USA ad d $2, or $5 by AIR: Foreign
dinates - find limits for sequences and seriesLl t's all here! $5, or $10 AIR; in Ca lif. add $2.70 tax).

If yo u' re in the biological, social or phy sical sciences, If you already have a scientific calculator, yo u
you 'll be doing Bessel functions, car bon da ting, Gom pertz'
growth curves. half-life, future value. marginal cos's. can invest in the guideboo k, 'CA LCULA TOR E
motion. cooling. probability, pressure - and plenty more CA LCULUS'. for only U.S. $19.95 (to USA or A
(even differential equations). foreign : add $1 for shipping, or $4 by AIR; in Calif. R

Imp or tant num erical techniques? Th ose algorith ms are add $1.20 tax). 0
here, too: rational and Pade ap proximati on, bracketing, con- As pennywise Ben Frank lin said , "A n inves t- U
tinued fract ions, Euler's me thod, Heun 's met hod, itera tion ment iH blowledge pays the best div ideHds." GET T
functio ns, Newton's method , predic to r-cor recto r. successive
substitutions. Simpson's method and synthelicdivision. STARTED NOW-Tax dedu ctible for professiona ls. A

LOOK AT WHAT USE RS SAY: Samuel C. MO N EY.BACK GU ARANTEEl Send for it to- ~
McCluney . [r . , of Philadelp hia wr ites: day . Be sure to give me yo ur complete maili ng ad-

"CA LC ULA TO R CA LCULUS IS GREAT! For ten dress wit h yo ur check or mo ney order. If yo u wa nt ~
ye ars I Itav e beell try illg to get the tlteory of calculus to charge it (Visa or MC), tell me your card no . and I
tltrollglt m y Itead. usillg home -study courses. It was exp odat e. Prompt~ '-T'j /~ l
not IIlltil I Itad yo ur book that it becam e clear w ltat sl" pmellt ~ I/U,. .'" T
tlte calculus was all about. Now I can go tltrouglt the guarantee d. r 0
ot lter books and see w ltat tltey are tryin g to do. Witlt Th ank you! EduCALC Publications, Dept. 1).4 2
YOllr book and a calculator the w ltole idea becomes 27953 Cabot Road. Laguna Niguel, CA 92677 Y
clear in a moment, alld is a MO S T REFRESHING For fast service. phone MC or VISA orders I
E1'E!.H;!£E~,=::.;.o=-0I.1Jii.J!:!.a!j:;:,=;..!~~:.:}=:~~,~~ ___

ACIDC CURRENT CLAMP, model
CT233, is designed fo r applica
tions requiri ng DC- or AC-current
measu rement w ithout breaking
wires or electrical con nections to
divert t he current throu gh the
meter. A Hall-effect device mea
sures magnetic flu x, which is con
verted to a current measurement
by the circuitry in the clamp.

The model CT233 may be used
with most DMM's, or an os
cilloscope may be susbstituted, al
lowing the user to see the signa l.
Maximum curren t capacity is 600

on th e eZ Board can be perma
nently trans ferred to the eZ Card.

(3) The eZ Book feat ures tech
nical information on th e compute r
system and contains several prac
tica l and usefu l project circuits,
such as NO conversion, paral lel
port, joystick interface, etc.

The eZ System is availab le direct
from the manufacturer at $225.00
plus $10 S&H. Delivery is from
sto ck .-Sabadia Export Corpora
tion, 3920 Coronado Street, Suite
206, Anaheim , CA 92807.

able fo r t he IBM PC App le lie/II + ,
and Commodore 64.

(2) The eZ Card is a prototypi ng
boa rd for the IBM PClxTthat fea
tures a f u lly buffered address,
data, and control bus . All bu ff ered
signals are convenientl y accessi
ble for use in the large prototyping
area, w hich consists of over 2,300
hol es on a 0.1" x 0.1" gr id and can
accommodate ove r 60 sixteen-pin
DI P sockets for w i re-wrapping .
Ci rcuits developed and debugged

VHS format. It comes with double
gap integrated 4-head configura
tion; no ise-fr ee field-st ill frame
advance and slow-motion play
back , and dynamic apertu re con 
t ro l fo r p ictu re clar ity. It also
pr ovides stereo-sim ulcast record
ing capabil ity, an d two sepa rate
stereo o utputs .

The model AVS-6200 is priced at
$1,399 .00.- lnt ernational Jensen,
4136 N. Un ited Parkway, Schil ler
Park, IL 60176.

INTERFACE DEVELOPMENT SYS
TEM, t he eZ Syste m, is a hardware
deve lo pment syste m th at provides
an easy solution to the designer,
test eng inee r, stude nt, or expe ri
menter w ho need s quick access to
a personal com puter's bus-expan
sio n slot for rapi d ci rcuit develop
ment. The syste m features three
major co mponents :

(1) The eZ Board is a solderless
p ro totypin g board t hat connects
to th e expansion slot of the micro
co mputer through an integral 18
in ch f lat cable, allowing the user to
work f ree ly w ithout interfer ing
w ith th e system un it. The ent ire
bu s is avai lab le at clear ly labelled
and co nvenient ly accessib le sol
der less tie-poi nt b locks . The large
breadb oardi ng modu le is used for
rapid developm ent of experimen
tal circuits . The eZ Board is avail-

CIRCLE 13 O N FREE INFO RMATIO N CARD
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Do Y ou R EALLY Want to M ake M ore M oney ?
Yes it does take work and a few sacrifices to

climb up the electronics ladd er to where the bigger
money is. But, if that' s where you want to be, then
that's what you must do - work hard er at learning
and getting the right credentials, even if it takes a
few sacrifices. A B. S. degree and the knowledge
that rightly goes along with it can give you powerful
ladder-climbing equipment in your search for suc
cess in electronics.

The accredited Grantham non-traditional B.S.
Degree Program is intended for mature, fully
employed workers who want to upgrade their elec
tronics careers.

ELECTRONICS
You say you're already trained in electronics
but that you're not making enough money???
Well then. imaybe you don't have an accredited
bachelor's degree to prove that your education
is up to snuff! Check out the Grantham Inde
pendent-Study B. S. Degree Program. It could
make a dollars and sense difference in your
electronics career.

Grantham offers this program, complete but
without laboratory, to electronics technicians
whose objectives are to upgrade their level of
technical employment. Since the field of elec 
tronics is so enormous, opportunity for ad
vancement is always present. Promotions and
natural turnover make desirable positions
available to the man who is ready to m ove up.

Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California, 90720

Put Professional Knowledge and a

COLLEGE DEGREE
in your Electronics Career through

Independent Home Study
Study materials, carefully written by the Grantham
College staff for independent study at home , are
supplied by the College. Your technical questions
related to these materials and the lesson tests are
promptly answered by the Grantham home-study
teaching staff.

Recognition and Quality A ssurance
Grantham College of Engineering is accredited by
the Accrediting Commission of the National Home
Study Council, as a degree-gra nting institution.

•
All lessons and ot her study mat erials, as well as com
munication s between the college and stud ents, are in the
Engli sh language. However, we have students in many
for eign countries; about 80% of our students live in the
United States of America .

Please mail me your free catalog which explains you r
B.S. Degree independent-study program.
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This booklet
FREE!

This free booklet
explain s the
Grantha m B.S.
Degree Pr ogram ,
offered by inde
pendent study to
those who work
in electronics.

for
FREE
BoolClet
CLIP
COUPON
andmail In
envelope or
paste on
postal

~~~~~~ card.

r------------------ -~--II Grantham College of Engineering R-5-85
I 10570 Humbolt Street, Los Alamitos, CA 90720

I
I
l
I Name, Age, _

I
I Address, _

I
I City State Zip__L _
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problems that usually accompany robot
construct ion and experimenting . That's
not to say there's no mechanical work
involved-you will have to modify the
Armatron. But the work is nothing like
what you'd have to do to build a robot
from scratc h.

What is a robot?
Even though humans have dreamed

abo ut robots for ce nturies, the word
"robot" is a relatively new one. It was
first used in Karel Capek's 1923 play R . U.
R . (Rossums Universal Robot s) and
means "slave worker."

Early attemp ts at making robots were
mechanical endeavors only. The results
were basically doll s that looked human
but ones that could perform special func
tions (like writi ng or playing music) based
on a mechanical design of levers and
gears .

The advent of the computer and elec
tronic components brought robots the ca
pability to perform much more sophisti
cated tasks . Some robots can "see" and
othe rs can make dec isions about their ac
tions. Even so, today's robots-although
complicated mac hi nes -can perform
only relatively simple tasks like pick-and
place operations . It 's expected that some
day-but not in the very near future
robots will perform much like those made
famous in Star Wars. Rest assured that we
won' t be givi ng our rob ot that mu ch
power. But if you are interested in such
endeavo rs, and make your robo t more
"intelligent," then we' d like to hear about
it.

Robots used in indus try are usually de
fined as programmed manipulators that
automa tically perform useful work. They
ca n move in different ways ; the all
thropomorphic-type close ly simulates the
movement of a human through six degrees
of freedo m-with moti on s simila r to
those of the' waist, shoulder, elbow, wris t ,
and fingers . A computer is genera lly used
to comma nd the robot to move to the de
sired posit ions .

The Armatron
For an investme nt of about $32, you

can be the owner of a robot that is capable
of the sa me maneu ver s as industria l
robots costing many thousands of dollars .
Tomy Toy Com pany copied the design of
industrial robots and bui lt their Armatron
robot arm. Radio Shack (Tandy) bought
the exclusive rights to it. Of course, the
Armatron robo t arm doesn' t have the ac
curacy and repeatabi lity of ind ustria l
robots. But we don't think that it's a toy,
either.

As purchased, the Armatron is con
trolled by two mechanica l joysticks. By
pushing the joys ticks forward or back and
left or right you can rotate the entire arm
about its base , raise and lower the arm,
bend the elbow, and raise and lower the
wrist. By rotating the joys ticks you can

rotate the wrist and open and close the
gripper.

A sing le motor powers all six join ts of
the Armatron through a cleverly des igned
planetary gearing system. The joysticks
actuate levers that engage gears, giving
forward , neutral , and reverse operations
for each joint. Despite the clever design,
we will remove and discard the joysticks,
planetary gearing sys tem, and the motor.
We will replace them with six com puter
controlled motors that will power the six
joints.

The computer/rabat system
Figure I shows a block diagram of the

computer-controlled robot arm. Any
com puter that has at least a 4-bit output
port can be used for control- the author
used a Commodore VIC-20. Although the
programming exa mp le s we' ll discu ss
were written for that computer, they can
be easily altered to run on other comput
ers.

A 4-to-16 line deco der is used to de
code the 4 bits from the comp uter port into
16 output lines. We need only 12 of the
lines-there are six motors, and eac h
needs a forward and a reverse control line .
That means that you have 4 lines left over
for your own experi mentation. How about
using those extra lines to control a mova
ble platform ?

The twelve outputs of the decoder inter
face with six motor-controller switc hes .
Figure 2 shows one of those circ uits,
which are basically transistor swi tches
that tum the motors off or on in either
direct ion .

CO MPUTER

HI4 BITSI

OECOOER

U(SPAIRS OF LINES)

POSITIVE

NEGATIVE MOTOR
SWITCHES POWER

COMMON SUPPLY

UISPAlRS OF LINES)

MOTORS

~(SSHAFTSI

JO INTS

FIG.1-THE COMPUTER/ROBOT SYSTEM.This
block diagram shows us the basic compo nents
that make up our computer-controlled robot.

Small DC motors were selected to con
trol the Armatron jo ints because they
proved most practical. The motors are in
expensive , small, and don't require large
amounts of power. They are also easy to
work with. By POKE-ing a number from
I to 12 to the output port we can drive any
of the six joints either forward or reverse .
We' ll get to the details on that shortly. But
now that we have a basic idea of how the
system works, let's look at the mechanical
interface in deta il.

The mechanical interface
The hardes t part of converting the Ar

matron into a computer-controlled robot
is maki ng the mechanical modifica tions .
But as long as you're carefu l, you really
shouldn' t have any problems. The first
thin g we' ll do is remove the exis ting
joystick mechanism, the planetary gear
ing system, and the motor drive so that
our motors can control the arm.

To start, remove the seven screws from
the bottom of the Armatron and carefully
separate the arm and top cover from the
bottom tray. Figure 3 shows what you
should see. Discard all compo nents on the
gear cover excep t the ring gears, which
interface to the arm.

When you remove the gear cover (it's
held on by five screws), you will expose
the motor, the joystick parts , and the gea rs
that interface with the ring gears . Remove
the three screws that hold on the joystick
cover. At this point , you can discard the
joystick cover and all the joystick compo
nents. But do not throw any of the gears
away. Next clip the wires at the ends of the
battery holder. After you've done that,
you should be left with the base and the
the planetary gears as shown in Figs. 4
and 5.

The bearing blocks
After all unnecessary parts have been

removed, you have to make preparations
to interface control motors to the Anna
troll gears . The motors will be mounted
outside of the Armatron case, so shafts
have to be brought out from the gears to
the motors . Those shafts are supported by
two beari ng blocks .

Each bearing block has three holes
drilled through it to support three shafts .
Each beari ng block also has three vertica l
slots that hold gears that engage with Ar
matron gears.

A beari ng block , along with its associ 
ated shafts and gears, is shown in Fig. 6
prior to insta llation in the Armatron , fig
ure 7 shows the dime nsions of the bearing
blocks . The author arrived at the design
by tria l and error; the dimensions are fair
ly critical and should be followed closely.

The bearing blocks can be made from a
variety of materials. The author's were
made from maple wood. But you can use
any material that's easy to drill and cut
and yet hard enough for accurate dimen
sioning. Wood is probably the least ex-
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Motors and mounting blocks
Each of the six joints is powered by an

individual small DC motor. Small motors
are necessary becau se the shafts exiting
the Arm atron must be spaced clo se to
gether-otherwise they will not be able to
fit the bearing-b lock gears .

To hold the mo tors, we need five
mounting blocks on each side of the Ar
matron . Figure 9 shows the dimension s
for the mounting blocks . Use those di-

must connect with the short motor shaft
and must fit tightl y through the gear that
will interface to an arm gear. After much
experimentation it was found that plastic
rods, found at a local hobb y store , made
the best shafts. One of the key advantages
of plasti c rods is that the y can bend
slightly without breaking . That mean s
that, even if everything is not in preci se
alignment, they will still work and they
won' t bind . The rods , with nominal out
side diameter of Ys inch, have a hole down
the middl e that allows them to be easily
press- fi t onto the moto r shafts . The
lengths of the shafts , as shown in Fig . 8,
are determined by the arrangement of the
motors next to the Armatron . You may
want to make yours longer or shorter. For
clean cuts on the plastic shafts, use a small
tubin g cutter.

The gears that fit on the shafts and inter
face with the Armatron gears are were
obtained from the planetary gearing sys
tem that you removed earlier (Fig . 5). The
ability to use these gears is an advantage
because they are already sized to mesh
with the other gears. The Ys-inch diameter
gear s must be removed from the planeta ry
gearing system. You will have to modify
the gears slightly by redrilling the center
hole to a size just under the diameter of the
shaft so that the gear can be press-fit tigh t
ly onto the shaft. For best resu lts , use a
series of drills of increasing diameter up
to Ys inch so that you won' t offset the hole
from the center of the gear as you drill .

The next step is to assemble the shafts
and gears in the bearing block s. The lon
ges t shaft belongs in the middle hole and
is press fit into a gear in the deepest bear
ing block slit; the top shaft is press fit into
a gear in the middl e, shallow slit and the
bottom shaft is press fit into a gear in the
remainin g shallow slit.

FIG. 6-A COMPLETED BEARING BLOCK with
shafts and gears is shown in the foreground.
The backg round shows the progression of fab
rication steps .

POWER
SWITCH

FIG. 5-THE PLANETARY GEARING SYSTEM.
Don 't throw this ou t! You 'll need six %-inch
gears from the system.

Shafts and Gears
Six shafts are needed to transfer power

from the motors to the gears . Those shafts

drill the holes for the shafts .

GND

REVERSE
LINE

FDRWARD
LINE

DE CDDER
74154

4 BITS
COMPUTER
OUTPUT
PDRT

PBn

FIG. 4-THE BASE AND GEAR COVER are what
are left when the mechanical joystick comp o
nents are removed.

pensive way to go . For exa mple , the
author purchased a 2 x 2 x 24-inch piece
of raw stock maple for about $3 at his
local lumb er store . A table saw was used
to cut the slots ; a #29 drill bit was used to

FIG. 2-MOTOR-CONTROLLER CIRCUIT. To control all of the Armatron 's joints, you will need six
motors. Even so, you will stili have 4 unu~ed outputs from the 74154 decoder.
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block in the base and match drill two
holes: use V2-inch self-tapping screws to
sec ure the bearing blocks to the base . Re
place the gea r cove r with the origina l
screws . Asse mble the outer cover and the
arm to the base with the origina l screws.
Attach the Armatron to a V2 x 12V2X l2 V2
inch plywood base with four 2V4-inch
screws located in the four corners of the
Arma tron , Mount the two motors on eac h
side closest to the Arma tron , The motors
are press fit into the plastic shafts . Fina lly,
mount the third motor on each side of the
Armatron . To hold down the mounting
blocks. use 2l!.l-inch screws . Do not over
tighten the mounting blocks; when oper
ated. final adjustments to the motor posi
tion s ca n be don e to achieve pro pe r
alignment. You may want to use paper
spacers und er th e bott om mount in g
blocks so that the' motors turn free ly.

The electronic interface
Now that the mechanical modi fications

are complete. we can turn to the easy part :
the electronic interface.

Figure i 2 shows the comp lete sc he
matic of the circuit that's required to inter
face the motors to a computer. As we
ment ioned ear lier. we need 12 contro l
lines to drive the six motors . In other
words , two lines- one for forward co ntro l
and one for reverse-are required for eac h
of the six motors.

Your computer must have at least a 4-bit
outp ut port to operate the interface . Those
four lines are fed to Ie 5 , a 74154 4-to-16
line decoder. That decoder takes an input
and selects one of sixteen lines as an out
put. (That output depends on the value of
the 4-b it word . (If you are famil iar with
binary numbers , you' ll rea lize that there
are 16 possible combinations of 4 bits .
The selected output line is dr iven low.

FIG. 10-THE MOTOR·MOUNTING BLOCKS on
the rig ht side of the Armatron.

FIG. 11- YOU WILL HAVE TO MODIFY the base
and gear cover to accommodate the shafts.
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cut in eac h side of the outer cover so that
the shafts can protrude . A thin hacksaw
blade and file ca n be used to cut away the
plastic to make the modifi cations .

Final assembl y of the mechanical co m
ponent s starts with mounting the beari ng
blocks in the base . Place each bearing

Final mechanical modifications
The Armatron must be modi fied to ac

commodate the bearin g blocks and shafts.
Figure II shows the right side of the An na
tron with modific ations to the base and
ring gea r cover/holder. A slot must also be

(The same materi al used in the bea ring
blocks ca n be used in the mounting
block s. ) The spacer bloc k is sanded until
the width is ju st slightly thicker than the
diameter of the shaft .
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FIG. 7-BEARING BLOCK DIMENSIONS must be followed closely. The dimensions shown are in
inches. All holes are made with a # 29 drill .

1·118 1-1/8

FIG. 9-MOTOR·MOUNTING BLOCK DIMENSIONS. The dimensions shown are for the author's sys
tem. You may have to change the dimensions to fit your motors.

mension s only as a guide-you may have
to change your d im en sion s to fit th e
motors that you use . The cr itical block is
the spacer between the two motors closest
to the Artnatro n (see Fig . 10). 111at spacer
block is made by first drill ing a hole using
a #29 drill bit through a piece of wood .

b

FIG. 8-SHAFT DIMENSIONS. Two sets of three
shaft s are require d.
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FIG. 12-THE COMPLETE SCHEMATIC of the electronic interface. Note that two lines are requ ired to
control each motor. One will cause the motor to go forward, the other will cause it to go in reverse .
Motors M1-M3 correspond to the bottom, top , & center of the right side ; M4-M6 correspond to the top ,
bottom, & center of the left side .
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while the other 15 lines remain at a high
logic level.

Each output line is first connec ted to a
single 7404 inver ter and then to three
7404 inverters arranged in parallel. That
not only boos ts the output current to suffi
cient levels , it also returns the control sig
nal back to its origi nal logic level. The
inverter outputs are fed to the bases of
2N2907 transistors , which act as simple
switches and determine the direction of
the flow of current through the motor.

For exa mple , if the forward line is low
and reverse line is high , then the forward
trans istor conducts turning the motor in
the forward direction . If both input s are
high then neither transistor conducts and
the motor remain s off. Note that if some
how both lines go low the entire loop is
co nnected putting 12 volts across the two
transistors. That will quickly burn them
out. Fortunately, using a decoder like the
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74154 should prevent that from ever hap
pening .

Two separate switches are used to turn
the power supplies on and off. Three
LED 's are used to show that the power is
on. During system operation the switch
for the electronic circuit should be turned
on before the switch for the motor control 
lers to insure that the transistors are prop
erly biased . Similarly the switch for the
electronic circuit supply should be turned
off last.

Circuit layout and final assembly
Circuit layout is not critic al and you

should feel free to use the constructi on
techniqu e you' re most comfortable with .
The author 's circuit , shown in Fig. 13 , was
bui lt using a pre-drilled "universal PC
board ."

A 1~/~4 pin card-edge co nnec tor was
used to interface the elec tronic circ uit
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FIG.13-THE COMPLETED INTERFACE. Univer
sal PC boards were used. Note how the tran
sistors are mounted in IC sockets.

with the VIC-20 computer. Of course , the
connector you use will depend on the
computer you use.

Three separate battery packs, using D
cells , are used for power supplies. Two 6
volt supplies are used for powering the
motors; a 4 .5-volt supply is used for the
integrated circui ts.
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Eledronics
and

Breathing
RAY FISH, Ph.D., M.D.

A look at breathing, and
the role electronics plays
in making sure that
someone's next breath
isn't their last!

LARGE VEINS FROM THEBODY--------+i

FIG. 1- "BLOC K DIAGRAM" of the respi rator y system. Oxygenated blood from the lungs is pumped
through the bod y. In the body, oxy gen is removed from the blood and carbon dioxid e is picked up.
Blood is then pumped back to the lungs, where the carbon dioxide is removed and oxygen is picked
up. The process is then repeated.

In the lungs, there are two systems of
branching: the airway and the blood ves
sels. Air comes in the nose and mouth ,
goes through the trachea, and then into
the lungs. The large airways going into
each lung are called bronchi (see Fig . 2).
Those divide into two smaller branches
repea tedly, giving smaller and smaller air
ways. The smallest airways, the result of
about 20 branchings, are roundish struc
tures called alveoli. There are about 150
million alveoli in each lung , each being
75 to 300 microns in diameter (one mil
lion microns equal one meter). The total
surface area of the lungs is about 70
square meters .

Some of the medium sized airways are
surrou nded by muscular walls that can
co ntract to make the airway sma ller.
Mucous glands in the walls of the airways
provide mucus secretions that can catch
foreign particles and debris. Ce lls with
moving hair-like projections, called cilia ,
wave the mucous toward the mouth to
carry the foreign particles out.

Ever wonder why cigare tte smoke rs
seem to cough a lot? It is because cigarette
smoke paralyzes the cilia. It is then up to
the cough mec han ism to bring up the
mucus, and any debris that it has caught.
Cigarette smoke also increases mucous
production and ties up 5% to 10% of the
oxygen carrying capac ity of the blood
with carbo n monoxide .

Blood to be oxygenated comes from the
heart through the pulmonary arteries. In
each lung , those arteries divide repeatedly
down to the capi llary level. Those capill-

BODY
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HEART

of its oxygen and has an excess of carbon
dioxide. That blood goes through the
lungs where carbon dioxide leaves the
blood and oxygen is added to the blood.
The circulation then carries the blood -to
the body where the oxygen is given to the
tissues and carbon diox ide is take n from
the tissues .

Carbon dioxide and oxygen enter and
leave the circulatory system through thin
walled blood vessels ca lled capillaries.
Capillaries are one cell thick . In the body,
the arteries branch repeatedly until the
cap illaries are reached. At that level, oxy
gen and carbon dioxide (as well as nu
trients and other chemicals) can diffuse
across the wall s of the blood vesse ls
quickly enough to be of use to the tissues .
The capi llaries join to form veins, which
return blood to the heart.

RIGHT
HEART

T HIS MONTH , OUR LOOK AT MED ICAL

elec tron ics will foc us on the act of
breathing, which is otherwise known as
respi ration . In part icular, we'll look at
how the respiratorysystem works, what it
is made up of, and the role electro nics
plays in making sure that everything con
tinues to function properly.

The respiratory system
The end result of breathing is delivery

of oxygen to body tissues. The same pro
cess is also used to remove carbon dioxide
from the body. A "block diagram" of the
respiratory system is shown in Fig. I .

One of the main functions of blood is to
carry oxygen to, and remove waste prod
ucts (such as carbon dioxide) from all of
the cell s in the body. Blood that has circu
lated through the body has given up much
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FIG.2-FROM THE NOSE AND MOUTH, air passes Into the trachea .The trachea branches off Into large
airway s, called the left and right bronchus, which in turn enter the lungs.

aries line the walls of the alveoli. Thus the
blood stream is carried within one cell
thickness of the air in the lungs (about 0 .1
micron). Air in the lungs can then diffuse
into the blood stream, while carbon diox
ide can diffu se out of the blood stream
into the lungs.

Although you can consciously control
the rate and depth of breathing, it is usu
ally an automatic function . The brain con
trol s bre athing in such a way as to
maintain the carbon dioxide content of the
blood at normal levels. Actually, centers
in the brain sense the acidity (pH) of the
ce rebrospinal fluid. That acidity depends
on the carb on dio xide content of the
blood . (Rapid or deep breathin g will de
crease the carbon dioxide content of the
blood; shallow breathing will increase it .)

Some diseases and conditions cause the
blood to be acidic. Those include kidney
failure , diab etic ketoacidosis, and aspirin
ove rdos e. Indi vidual s suffering fro m
those conditions are said to be suffering
from a metabolic acidos is and will be
breathing rapidly or deeply. That's be
cause the brain senses the abnormal acid
level and causes the respiratory system to
co mpensate with th e rapi d or deep
breathin g .

While it is sensitive to changes in car
bon-dioxide levels, the norma l respiratory
control system is relatively insensitive to
oxygen levels. But in persons who have
chronic lung disease , the normal carbon
dioxide level cannot be maintained , and
the body learns to ignore the higher car-
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bon-dioxide levels tha t resu lt. Instead ,
those persons do have their breathing con
trolled by the content (partia l pressure) of
oxygen in their blood . If given a high
concentration of oxyge n, their breathing
will slow, the carbon dioxi de level will
rise so high as to change the blood pH and
affect brain and heart function, and they
may die . Those persons are called carbon
dioxide retainers and are recognized by
the elevated partial pressure of carbon di
oxide in their arteria l blood gases.

Arter ial blood gases
When blood is exposed to air in the

alveoli, various gases diffuse into and out
of the blood . The partial pressures of car
bon dioxide and oxyge n, which are mea
sured in millimeters of mercury (mmHg),
in the blood will depend on the con
centrations of oxygen and carbon dioxide
in the lungs. Those concentrations depend
on the composition of the inhaled air and
also upon gases released into or taken up
from the lung by the alveoli. Gas ex
change in the lung will decrease the oxy
gen co nte nt and increase the carbon
dioxide co nten t of air in the lung .
Breathing very rapidly or deeply will lead
to more oxyge n and less carbon dioxide in
the lungs and therefore in the blood .

Electrodes can be placed in samples of
blood to determine the blood gases . An
electrode may simply consist of a wire.
More commonly, an electrode consis ts of
a wire placed in a solution-filled thin
walled container or membrane. The mem-
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brane allows the passage of certai n mole
cules or ions.

When a wire is placed in a solution, a
voltage will develop between the wire and
solution. The voltage depe nds on the
types of metal in the wire and the types
and concen tratio ns of ions in the solution
surrounding the wire.

Indicating electrodes develop voltages
in response to the the presence of a certain
compound or ion . Electrodes have been
developed that indicate the conce ntration
of hydrogen ions; such hydrogen ion-sen
sitive electrodes can be used to measure
pH.

As we said previous ly, changes in the
carbon-diox ide co ntent of blood wi ll
change the pH of blood . Therefore, if a
pH-indicat ing electrode is surrounded by
a membrane that allows only carbon diox
ide to pass, the pH-indicating electrode
will become a carbon-dioxi de indicating
electrode .

There are several types of oxyge n-in
dicating elec trodes. Small assemblies
containing all the electrodes needed to
measure pH, carbon dioxide, and oxyge n
have also been built.

Monitoring respiration
Carbon dioxide strongly absorbs in

frared light with a wavelength of 4.26
micrometers. Use has been made of that
fact to build respi ration monitors that
measure the efficie ncy of the breathing
process. Such monitors place a sample of
the exhaled breath between an infrared
light source and detector (see Fig . 3).
Light filters are used as shown so that only
the absorp tion of light by carbon dioxide
is monitored.

The mode l shown in Fig. 3 is a sim
plified one. Depend ing on components
used and system design , the temperature
of the sensor, detector, and gas analyzed
may need to be controlled or taken into
account if any readings taken are to be
useful. In addit ion, the barometric pres
sure and the presence of other gases can
affect readings and need to be accounted
for.

When a person depe nding on a machine
gets insuffic ient oxyge n, the results are
sometimes disas trous. Therefore, the oxy
gen concentra tion in inhaled gases is often
monitored when a person breathes gases
from a respirator or other machine . An
alarm will sound if there is inadequate
oxygen in the inhaled gases . Such prob
lems arise when the wrong tanks are con
nected to a respirator or anes thes ia
machine, the tank runs out, a line is cut,
or a valve malfunctions . Many precau
tions are taken to prevent such problems,
and the number of accidents is relatively
small. Nevertheless, monitor ing the inha
led oxygen concentration can indica te
when someth ing is wrong .

Sometimes me asu rin g th e co n
centration of oxygen being pumped to the
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DATA OUT
FIG. 3-CARBON DIOXIDE strongly absorbes
Infrared light. That fact has been used to make
exhaled carbon-dioxide monitors similar to the
one shown here.
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FIG. 4-BREATHING EFFICIENCY can be mea
sured by a device called a spirometer. The model
upon which almost all splrometers are based Is
shown here.

patient may not be adequate. That may
occur, for instance, if tubing to the patient
is kinked so that the oxygen does not get
to the patient. Another possibility is that
the tubing may accidentally be placed into
the esophagus (the pathway which carries
food from the mouth to the stomach) in
stead of the trachea. Pumping air into the
esophagus mayor may not distend the
stomach . If it does, the chest will move a
little with air movement into the stomach,
which may appear similar to the move
ment caused by normal breathing. In ad
dition, the sounds heard when listening to
the "lungs" with a stethoscope will in
stead be caused by air moving through the
esophagus; the sound produced will be
very similar to that produced by normal
breathing .

Thus, it is not always obvious when
oxygen is not getting to a person. If the
person is unconscious, anesthetized, or

electrode and are then analyzed.
The measurements obtained at the skin

surface are not as accurate as those ob
tained by taking blood samples. The elec
trodes must be kept clean and firmly at
tached to the skin . Calibration every few
hours is commonly needed. However, re
peatedly taking blood samples is un
desirable, especially in very young
children . Commercially available instru
ments can provide analog and digital
readouts of oxygen and carbon dioxide
levels that are accurate enough to be of use
in clinical applications .

Measuring breathing
A variety of electronic and/or mechan 

ical instruments are used to evaluate the
efficiency of breathing. Those instru
ments range in complexity from a hand
held device that measures the maximum
air flow velocity a person can produce , to
computerized systems that measure doz
ens of different parameters .

But the device that is the prototype of
most respiratory measurement systems is
the spirometer, shown in Fig 4 . .Con
ceptually, a person breathes via a tube
connected to a piston. Air movement
causes the piston to ' move upward and
downward, causing a line to be drawn on a
strip chart recorder or similar device. Fig
ure 5 shows an output that might be pro
duced by a spirometer. Some important
parameters that are commonly measured
are indicated in that figure.

The spirometer shown in Fig. 5 is, once
again, only a prototype. More advanced
systems, most notably computerized sys
tems, are used in practice. Computerized
systems commonly provide the user with
a printout of the graph and a list of the
measured parameters. One commercially

continued from page 118

FIG. 5-THE OUTPUT produced by a simple spirometer. Note the parameters shown; today's comput
erized instruments can provide even more detailed measurements.

an infant, the problem may not surface
until brain damage occurs.

Because of those problems, it would be
desirable to continuously measure blood
oxygen content in persons receiving oxy
gen via a machine. The normal procedure
of testing blood gases is not fast enough
for that. Drawing a blood sample often
takes 5 minutes, and it is another 5 or 10
minutes before the sample can be ana
lyzed . Brain damage occurs in 5 minutes
or less when a person does not receive
oxygen .

It is possible to continuously measure
the blood oxygen content through intact
skin (that is called transcutaneous
monitoring). One method of doing that is
to shine light through part of the body, say
the earlobe, for instance, and analyzing
the light that results . That technique
makes use of the fact that well oxygenated
blood varies in color from poorly oxyge 
nated blood (blue vs. red). Unfortunately,
the results obtained using that method
may be affected by factors such as earlobe
thickness, skin color, temperature, and
other gases present. Practical earlobe
"oximeters" take light transmission mea
surements at as many as 8 different wave
lengths in order to calculate blood oxygen
content. Those instruments are thus ex
pensive and not used as commonly as one
would like.

Another approach to continuous trans
cutaneous monitoring is via an electrode
placed on the skin. In addition to oxygen
and carbon dioxide sensors, skin elec
trodes contain a heating element. The ele
ment is used to heat the skin to about 43°C
(109°F) to improve local circulation and
gas exchange between the circulatory sys
tem and the skin surface. From the skin
surface, gases from the blood further dif-:
fuse across an artificial membrane into the
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POWER METER

18K 30K
30K 47K
47K 68K
68K 100K

10K
18K
30K
47K

* 3.9K
3.9K 10K
10K 18K
18K 30K

help in the selection of RI
(R7 for the right channel)
fo r var io us a mp lifier
power and speake r im
pedance combinations.

Transistor QI is config
ured as a voltage follower.
The Q I output is rectified
by diod es DI and D2,
which conduct only when
the emitter voltage ex
ceeds that at capacitor
CI.

The parallel combina
tion of R5 and CI pro
duces an extended time
co ns ta nt fo r th e peak
readin g opera tion of the
met e r. Ca pac i tor CI
cha rges rapidly throu gh
resis tor R4 (at the Q I col
lec tor ) and d isch ar ges
slowly through R5 . That
allows easy view ing of
pea k power-levels .

The speaker protection
circui t is formed by com
parators IC3. IC4 , relay
RY 1, and a few discrete
co mponents. Potenti om
eter R24 is used to set the
circuit trip point, which is
equal to your speakers'
co ntinuo us power-han 
dling ra ting (we 'll ex
plain ju st how that's done

TABLE1
ATTENUATION RESISTOR VALUES

Speaker SOW 100W 200W 400W 800W
Impedance

2 ohms
4 ohms
8 ohms

16 ohms

(*To read a maximum power level of SOW
into 2 ohms , R1 and R7 should be replaced
by a piece of wire between the appropriate
printed circuit board pads.)

in a moment). That trip voltage is applied
to pin 2 of IC3- a .

The voltage from the input section is
fed to pin 3 of IC3-a via the ser ies com 
bination of R6 and C2. The values of the
components in that R-C circuit are se
lected so that the capacitor charges almos t
instant aneously for high voltages . but
slowly for lower voltage levels .

Should the voltage at pin 3 exceed the
voltage at pin 2, the compara tor outputs a
high . When that happens, the voltage at
pin 2 of IC4 rises above that at pin 3,

MARK S. COHEN

Circuit description
Figure I is a schematic diagram of our

circuit. It consists of four parts: an input
buffe r and peak detector. power-metering
circ ui t , rel ay-con trol sec tio n , and, of
course , the power supply.

Let 's see how the circ uit works. The
left- and right-channel inputs are indepen
dently rect ified and their peaks sampled.
That inform ation is sent to the metering
circ uits for disp lay, and to the relay-co n
trol section. Tha t section disconnects the
speakers from the amp when the continu
ous power level is above a user-defined
level (wh ich is determined by the rating of
your speakers). The relay-co ntro l section
also contains the turn-o n de lay.

Let's take a closer look at the individual
sections. Note: From here on , we' ll only
disc uss the left channel as both left and
right are ident ical. At the input, res istors
RI and R3 form a voltage divider to at
tenuate the input signal. Those resistors
are selected to yield an output of 10 volts
when the amplifi er is deli verin g its max
imum rated out put. Table I is provided to

for your STEREO
More than just a peak-reading power meter, this easy
to-build project disconnects your speakers before your
amplifier does the job-permanently!

IT'S NOT UNCOMMON TO

see lo udspeakers w ith
power ra t ings of 500
watts or more. Now, you
might think it safe to co n
nect such speakers to any
amplifier of 500 watts or
less , and ex pect that co m
bin at ion to comfortably
run a t f u l l p o w er.
Unfortuna tely, that 's not
so !

Whil e so me speake rs
may be able to handle
instantan eou s peak s of
that magnitude , they can
also be des troyed by co n
tinuous operation at sub
sta n tia lly lower power
levels. For exam ple . the
aut hor 's speake rs are
rated at 680 watts but are
only capable of hand ling
30 watts in contin uo us
ope ratio n!

While most amp lifiers
have some sort of built- in
protecti on circ uitry, that
circuitry does noth ing , of
co urse. to pr ot ect th e
speakers . That circ uitry is
designed to protect the
amplifier Dilly . and there-
fore wi ll not kick in until
lon g after the speakers
have begun to smok e!

Her e's so mething el se to cons ide r:
Many of today 's otherwise fine power am
plifiers have no turn-on delay. At power
up, the output may swing briefly to the
positive or negative supply rail. (We' ve
all heard that loud , dull thump at turn-on .)
Even if that doesn 't destroy the speake rs
outright. it certainly does nothing for their
perfor ma nce .

From what we've see n it is clear that a
pro per speaker-protection device must
pass large power level s for musical peaks,
but disconnect the speakers if the ampli
fier produces a sustai ned high-level out
put. The circuit describ ed here does that.
and also provides a tu rn-on de lay.

If that doesn't peak your interest , in
cluded in this circuit is a peak-reading
LED dot disp lay that shows the output
level being fed to your speakers . Not only
is the c ircuit help ful in protecting speak 
ers, but it also provides a fascinat ing dem
onstrat ion of the power requ ired to handl e
musical transients. The power monit or is
designed so that successive LEO 's are
turned on by a eac h 3-dB increase . That
allows high resolut ion at low power levels .
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FIG.l-THE SCHEMATIC DIAGRAM for the ci rcuit is shown here. Note tha t a separ ate power supply is
prov ided for transisto r Q3.

6 and 7 of ICI, control the brightness of
the display and set the voltage level
needed to light LEDlO. Resistors Rl9 and
R20 are chosen so that a lO-volt input
lights LEDlO.

If preferred, a bargraph display may be
selected by connecting pin 9 of ICI to the
power supply; appropriate holes for a
jumper wire are provided on the PC
board. If you chose the bargraph mode,
R23 (270 ohms V~ watt) should be re
placed with a 39 ohm,S watt unit. Note
that the LM3915 has a nasty tendency to
oscillate under some conditions: C5 is in-

TABLE 2
PEAK POWER DISPLAYED
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causing that comparator's output to go
low.

When the output of IC4 goes low. Q3
stops conducting. That, in turn. cuts of
the current flow through RYI causing the
relay to open. disconnecting the speakers.

Also. when IC4 goes low. transistor Q4
begins to conduct. That causes LED21 to
light. indicating that the protection circuit
has been tripped.

Diode D7 protects Q3 against energy
stored in the relay that might otherwise
damage the transistor when the relay is
turned off. Also. note that transistor Q3 is
fed from a separate 16-volt power supply.
+ VR' We will see later that + VR is de
signed to turn off rapidly so that the relay
quickly opens when power is removed
from the circuit. to protect the speakers
from both turn-off and turn-on transients.

A six-second turn-on delay is provided
by C7 charging through R15 . At power
up, the voltage at pin 2 of IC4 is set to 6
volts by a voltage divider made up of
resistors RI3 and R14. Diode D5 is in
cluded to ensure that the reference voltage

at pin 2 of IC4 is not affected by a low at
the output of IC3-a.

Pin 3 of IC4 is initially at ground; there
fore. its output is low and the relay is
turned off. At power up. capacitor C7
charges slowly through R15. When the
charge on C7 (tied to pin 3) exceeds 6
volts. IC4 outputs a high. turning on Q3.
That closes the relay contacts. connecting
the speakers.

The display portion of the circuit is
made of an LM3915 LED display driver
(lCI ). That IC can produce either dot or
bargraph outputs. As shown in the sche
matic, it is wired as a dot-display driver.
Successive LED's are turned on when the
input voltage is increased by 3 dB (power
doubled). Table 2 lists the peak power
level at which each LED lights. As that
table shows, those power levels depend on
the maximum rated output of your ampli
fier, assuming that RI has been selected as
described earlier. For instance, if the max
imumoutput of your amplifier is 50 watts,
then LED's I and II light at 0.1watt, and
so on. Resistors RI9 and R20. tied to pins

LED
1,il
2,12
3,13
4,14
5,15
6,16
7,17
8,18
9,19
10, 20

SOW 100W
0.1 0.2
0.2 0.4
0.4 0.8
0.8 '1.5
1.5 3

3 6
6 13

13 25
25 50
50 100

200W 400W SOOW
0.4 0.8 1.5
0.8 1.5 3
1.5 3 6

3 6 13
6 13 25

13 25 50
25 50 100
50 100 200

100 200 400
200 400 800
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FIG. 2-THE FOIL PATTERN for our speaker-protection devi ce/power meter is shown here full size .
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RUN SET- -
FIG. 3-PARTS·PLACEMENT DIAGRAM for the foil pattern given in Fig. 2 is shown here. Note that
several of the holes are not used .

elude d to protect aga inst that.
The power supply is stra ightforward-a

simp le br idge rect ifier and a sing le
LM7812 regulator (IC5) gives a constant
12-volt output. The + V R supply is fil
tered only by Clfl , which is isolated from
C9 by 08 . That prod uces a fast turn-off of
the relay when power is removed.

The power switch. S I. also turns con
venience outlets SO l and S02 on and off.
Those outlets are intend ed to be used as
power conn ection s for the rest of the ster
eo sys tem . Using those outlets ensures
that power is app lied to all co mponents
sim ulta neously. and that all transient s
have ended before the speakers are con
nected . Th us. S I acts as a master power
switch.

Fina lly we come to S2 and R25. Sw itch
S2 is a SPOT unit that is used to discon
nect the right channel inpu t and instead
connec t potentiometer R25 to the com
parato r and display circuitry. With S2 in
the SET position, R25 is used to set the trip
poin t (w hich is dete rmined by R24 and
your amplifier's maximum rated output)
so that the speakers are disconn ected at
the desired power level.

Construction
The circuit is straig htforward enough to

be bui lt on perfboard, but it is strongly
recommended that a PC board be used.
PC board min imizes co nstruc tion errors
and saves time in the long run .

A few factors had to be taken into ac
cou nt in the circuit layout. Capac itors C5
and C6 should be placed as close to the
LEO 's as possi ble. All grou nd connec
tions on the left and right input and dis
play circ uits should be returned direc tly to
pin 2 of IC I and IC2 respec tively. That' s
do ne to preve n t osci lla tio n o f th e
LM3915, which may occur und er some
circumstance s . When LED 's 1-20 are all
turned on . R23 may have to dissipate as
much as 5 watts; so it' s a goo d idea to put
some space between it and any other com
ponent s.

The first step is to etch your own PC
board or acquire one from the supplier
given in the Pa11S List. The PC-board pat
tern is shown in Fig. 2: the co rresponding
parts-pl acem ent diagram is shown in Fig .
3.

First note that the Ie's are not socketed
(see Fig. 4). altho ugh sockets may be used
if desired. Also note that some resis tors
and diodes are mounted vertically (like
radia l lead capac itors).

Turnin g to the resistors first , the holes
on the board are spaced for V4-watt unit s
with the ir leads bent flush to the resistor
body. Install all fixed resistors . makin g
sure they are in their proper posi tions .
Once that's done finish up by installing
potent iometers R24 and R25 .

The capacitors should be the next com
ponent s install ed . Obse rve ca pacitor po
lariti es and be sure that all units are
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FIG. 5-LED1-LED21 ARE MOUNTED on the foil side of the PC board. Using a cardboard spacer during
installat ion as described in the art icle helps ensure that all of the LED's are mounted at the same
height.

As the circuit does not requ ire any spe
cial shielding, it can be placed in any
appropriately sized cabinet. Prepare the
ca binet by drilling carefu lly spaced holes
into the front panel for eac h LED. Or you
may cut ou t a single block and use a bezel
with le ns to improve the unit's ap
pearance . The relay. transform er, power
sw itch, AC outlets, and input/output
jacks are mounted on the cabinet as shown

continued on page 119

Nex t insta ll the br idge rectifier , BR I,
again noting the proper orientatio n.

Next solde r 52 in place on the PC
board . Then install the five jumper wires;
eit her bare or insulated wire may be used .
The LED 's. which mount on the foil side
of the board (see Fig. 5), should all be
positioned at the same height. To make
the task eas ier, insert a cardboard space r,
about !!.I-inch wide, beneath the LED's
during soldering .

VERTICALLY
MOUNTED
COMPONENTS

FIG. 4-INSIDE THE UNIT. Note that several components are vertically mounted on the PC board.

PARTS LIST

All resistors Y4 watt , 5% unless other-
wise noted.

R1 , R7- see Table 1
R2, R4, R8, R1D-10,OOO ohms
R3, R9-1000 ohms
R5, R11- 220,OOOohms
R6, R1 2- 1 Megohm
R13, R14-100,OOOohms
R15-470,OOOohms
R16-2,2 Megohms
R17- 2200 ohms
R1 8, R1 9, R21- 680 ohms
R20, R22-4700 ohms
R23-270 ohms, Y2watt
R24, R25-100,OOO ohms, trimmer po-

tentiometer
Capacitors
C1 , C3, C5, C6-2,2fJ.F,16volts, tantalum
C2, C4-o.22fJ.F. ceramic
C7-4.7fJ.F, 16 volts, tantalum
C8-1 fJ.F, 16 volts, tantalum
C9-470fJ.F, 16 volts, electrolytic
C1D-100fJ. F. 25 volts, electrolytic
Semiconductors
ICi , 1C2- LM39i 5 LED dot/bar display

driver
IC3- LM1458 dual op-arnp
IC4-LM74iop-amp
IC5-LM7812 i 2-volt regulator
0 1, 0 2, 04-2N3906 PNP transistor
03- TIP31 C NPN transistor
SRi-50 PIV, 500-mA bridg\, rectifier
LE01-LE021- jumbo LEO's
T1-12-volt, 500-mA transformer
S1-SPST, rocker switch, 15 amps
S2-SPOT submini PC mount switch
RY1-0POT 12-volt DC relay
S01, S02-grounded convenience out-

lets (see text)
Miscellaneous:-case, 3 conductor line
cord,strain relief, PC board,jacks for input
and output, screws, solder, wire, etc.

The following is available from Clear
view Designs, Inc. , 217 East 85 st.,
Suite 467, New York, NY 10028: com
plete kit including wire, solder, step
by-step instructions, and all compo
nents except case for $59,95, plus S3
postage and handling; circuit board
on ly available for $10. New York State
residents add 8Y4% sales tax, Other se
lected components available by ar
rangement, contact Clearview De
signs, Inc. for details.

oriented properly.
Next. install the diodes . Once agai n,

carefully note their orientation (see Fig.
3). It is a goo d idea when so lder ing semi
conductors to attach an alliga tor clip to
the lead bein g so ldered . The clip acts as a
heat sink to protect th e device fro m
damage during soldering . Diod es 01-04
are all installed vertically as shown in Fig.
4 . When done with the diodes, install the
transistors .

Install the IC's next , noti ng the or ienta
tion of pin 1. Pin I may be marked with a
paint ed band, notch. or dot. With the
marked end on top. pin I is in the upper
left corne r. The LM7812 reg ulator. IC5 .
should be install ed so that when bent
back. its flat side is flush with the board .
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Servicing
Cordless Telephones
A cordless telephone, like any other piece of electronic equipment, is bound to break down
sooner or later. This article will show you how to troubleshoot and repair the problem.

CHRISTOPHER KITE

CO RDLESS TELEP HO NES A RE FAIRLY CO M

plex pieces of electronic equipment that in
addition to containing all of the c ircuits of
a standard telephone, also includ e two
FM transmitt ers and receivers. If you' ve
ever done any troubleshooting of commu
nicat ions equipment, you should have lit
tle trouble servicing cordless telephones.
The radio port ion is pretty stra ightfor
ward, once you understand the frequency
scheme and modul ation technique used.
However, telephone circuit operation and
testing techniques may be somewhat new

to you, and as such, special attention will
be given to that area of servicing in this
article .

Of course , an art icle like this cannot
cover all the variations found among the
numerous brands and mod els of cordless
teleph ones available . However, the basic
operation of all cord less telephones is the
same. The examples cited in this article
can be readily adapted to the particular
make and model you are servicing to help
you track down specific problem s in most
cordless telephones.

How they work
Before we ju mp into our look at trou

bleshootin g, let' s learn a bit more about
how a co rd less tel e p h on e wo rks.
Basically, a cordless telephone contains
all the circuits and functions of a con
ventional telephone , plus a two-way radio
communication link. The two-way radio
link must handle not only voice communi
cations. but also some method of dialing.
ringing. and controlling the hook swi tch.

Cordl ess telephones are made up of two
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FIG. 2-HOW A CORDLESS TELEPHONE WORKS. A block diagram of a portable unit is shown in a,
while the block diagram of the base unit is shown in b .

spec ific corr es pond ing portable-to-base
ch ann el. The frequ enc y pairs are listed in
Table . I. Initi ally only the 1.7/49-MHz
band s were allocated by the FCC. The
46/49-MHz bands were added after Janu
ary I. 1984.

Because of the limit ed number of co rd
le ss tel ephone frequencies , th e sa me
chann els are used over and over ag ain.
With the relatively short range of cordless
telephones and the use of the following
techniques, a minimum of interference,
false ring ing, and security problems (i. e .
unauthori zed capturing of a "telephone
line) occ ur.

False ringin g is reduced by using sever
al spec ific ring frequ encie s for the base
to-p ort able link . In that way, two cordless
tel ephones with overlapping range and
operatin g on the same ch annel, but with
different ring frequ encies, will not cause
ring ing of the neighboring unit.

Similarly, use of several specific guard
tones (pilot signals) for the portabl e-to
base link reduces unauthorized use of a
teleph one line . The base un it will not re
spo nd to a portable unit unless the proper
guardtone is sent . That prevent s capture of
a base unit by a nearby port able unit on the
same channel, but with a different guard
tone .

Earlier cordl ess teleph ones used only

i- 
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separate unit s: a base unit and a portable
unit. Co mmunica tions between the base
and po rtab le un its are full dupl ex: that
means that both the base-to-port able link
and the portable-to-base link can operate
simultaneo usly. Both the base and porta
ble unit s have a transm itter and a rece iver.
The base unit is co nnec ted direct ly to the
teleph one line and serve s as a link be
tween the portable unit and the teleph one
line. Figure I shows how a typ ical cordless
teleph one sys tem works . A block diagram
of a cordl ess pho ne is shown in Fig. 2 .

Co rdless tel ephon e base- to-p ortabl e
links use a carrier signa l in either the 1.7
MH z or 46- MH z frequ ency band . Earlier
cordless telephone base-to-portable links
use the I. 7-MHz band and use the AC
power line as an antenna . That is neces
sary because a relatively long antenna is
required at that Iow a frequency. Newer
cordless telephone base-to-port able links
use the 46-M Hz band and a telescoping
antenna . The base uni t contains a power
supply (op era ting fro m the AC line ) that is
used to power the tran smitter and receiver
and also to charge the batteri es of the
portable unit .

Co rdless tel ephon e portabl e-to- base
links use a carrier signa l in the 49-M Hz
frequ enc y band . Tha t signa l is tran smitted
using a telescoping antenna . In additio n
to the transmitter and recei ver, portable
unit s contain a speaker, micropho ne . dial
ing keypad, and rechargeable batte ries .

There are 10 pai rs of carrier frequencies
available for cordless telephon e opera
tion. Each base-t o-p ort able channe l has a

FIG. 1-THE BASE UNIT'S TRANSMITTER in a 1.7-MHz un it uses the base's AC power line as an
antenna . That can pose some additional complications when servicing the cordless phone.
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TABLE 1-CORDLESS TELEPHONE
FREQUENCIES

49 MHz Band
Frequencies
49.670 MHz
49.770 MHz
49.830 MHz
49.845 MHz
49.860 MHz
49.875 MHz
49.890 MHz
49.930 MHz
49.970 MHz
49.990 MHz

1.7 MHz Band
Frequencies

1.665 MHz
1.690 MHz
1.695 MHz
1.710 MHz
1.725 MHz
1.730 MHz
1.750 MHz
1.755 MHz
1.770 MHz

guardtones and ring frequencies to help
prevent unauthorized capturing of tele
phone lines and false ringing. New cord 
less teleph ones use digital codi ng . With
digital coding, ringing, dialing, and dis
connecting are usually caused by a fre
quency shift of the carrier. That frequenc y
shift is digitally encoded, and the encod-

. ing techniques vary. from one manufac
turer to another.

Incoming calls
Between call s, the cordless telephone

is in a "standby" mode ; that is.iboth the
base and portable trans mitters are turned
off and both receivers are awaiting incom 
ing signals .

Whe n a 20-Hz ringing signal is re
ceived by the base unit from the telephone
line , a 20-Hz ring detector turn s on the
base-unit tran smitter and a ring-sign al
generator circuit that feeds a ring signal to
the transmitter. Typically, that ringing sig
nal has a frequency in the 700 -Hz to 1500
Hz range. Different frequencies are used
for ring signals in different cordl ess tele
phones to help prevent false ringing (i .e .
the ringing of portab le unit s that use the
same channel when the ring signal does
not origi nate from that portab le unit's base
unit ). At the transmitter, the ring signal is
used to modulate a carrier signal (either in
the 1.7- or 46 -MH z band). That modu
lated carrier is then transmitted to the por
table unit.

The recei ver section of the portable unit
has power if the the port able unit is in
either the talk or standby mode , as long as
the power is turned on and the batteries are
charged . The incoming sig nal is demodu
lated by the receiver and fed to the ring
signal detector. The ring-signal detector is
a filter that only passes a ring signal of a
cert ain frequency. If the ring frequency
transmitted by the base unit is correct (i.e .
is passed by the filter), the ring signal is
passed to an audio amplifier. There the
signal is amplified and fed to the speake r.

When someo ne answe rs the call, the
portable unit is sw itched from the standby
mode to the talk mode. That disconnects
the ring signa l from the amplifier and
turns on the RF transm itter, pi lot-signa l
generator, and both of the audio-a rnpli-

46 MHzBand
Frequencies
46.610 MHz
46.710 MHz
46.770 MHz
46.630 MHz
46.670 MHz
46.730 MHz
46.830 MHz
46.870 MHz
46.970 MHz
46.930 MHz

fiers-and-gates. The pilot signal (guard
tone) and audio (from the microphone)
are fed to the transmitter where they mod
ulate a 49 -MHz band carrier. That modu 
lated signal is then transmi tted over the
telescoping antenna to the base unit.

The base unit receives the signal, de
modulates it, and feeds it to the pilot
signal detector and a low-pass filter. When
the pilot signal (guardtone) is of the cor
rect frequency, the pilot-signal detector
energ izes the relay into an off-hook con
dition throu gh the relay driver. The off
hook relay turns on the base-unit transmit
ter. The low-pass filter blocks the guard
tone and feeds voice audio (300 Hz to 3
kH z) to the hybrid transformer. The
hybrid transformer feeds the audio signal
to the relay where it is sent out over the
telephone line when the relay is in the off
hook state . The hybrid transforme r also
feeds a low-level audio signal to the trans
mitter for sidetone in the portable uni t.

Incoming audi o (fro m the teleph one
line) is fed through the relay to the hybrid
transformer when the relay is in the off
hook state. That aud io sign al is fed to the
transmitter where it is used to modulate a
carri er signal in either the 1.7- or 46-MHz
band . That modul ated signal is tran smit
ted over the antenn a to the portable unit.

The portable-unit receivel'dem odul ates
the signal and feeds it to the aud io-amp 
and-gate . When the portable unit's switch
is in the TAL K position . the demodul ated
audio signal is amplified and fed to the
speaker (earpiece).

Outgoing calls
When a telephone call is initiated from

a cord less telephone. the portable unit is
switched from the standby mode to the
talk mode . That tum s on the transmitt er
and pilot- signal (guardtone) generator.
The guardtone or pilot signal is typically a
frequency tone in the 4- to 7-kHz range.
The pilot signal modu lates a 49-MH z
band carrier, and is transmitted to the base
via the telescopin g antenna.

That signal is demodul ated by the base
unit's rece iver and fed to the pilot-signal
detector and the low-pass filter. The pilot
signal detector energizes the relay to an
off-ho ok state (through the relay driver) if

the pilot signal is at the cor rect frequency.
The cordless telephone is now off-hook
and a telephone numb er can be dialed .
The low-pass filter only allows signals be
low 3 kHz to pass. so the guardtone signal
is rejected by the low-pass filter. while
dialing and voice signals are allowed to
pass.

When a digit on the keypad (located on
the portable unit) of a pulse-dial cord less
teleph one is pressed . the pilot signal is
interrupted a certai n number of times for
each digi t. The relay goes from off-hook
to on-hook each time the pilot signal is
int e rrupt ed . Th at on-hoo k/o ff -hoo k
change at the relay causes dialing pulses
to go out over the telephone line . Those
pulses are decoded by the telephone ex
chan ge in the same manner as the pulses
from an ordinary pulse-dial telephone .
and the telephone call is route d to the
telephone number dialed .

Turnin g to a DTMF (tone dial ) cord less
phone , when a digit on the keypad of the
portable unit is pressed , the dialing tones
and guardtone are used to modul ate the
carrier signal. Dialing tones have frequen
cies in the 300- 3000 Hz band. and guard
tones have frequencies above 3000 Hz.
The modul ated signal is rece ived by the
base unit, demod ulated , and then (if the
guard tone frequency is correct) the tone s
are sent out over the telephone line, de
coded . and used to route the telephone
call ju st as with a standard telephone .

As we said earlier, when in the off-hoo k
state , both transmitters operate in a full
dupl ex mode to permit talking and listen
ing simultaneously. Incomin g and outgo
ing audio are handl ed as described in the
previous section. When the call is com
pleted , the cordless telephone port able
unit is set back to the the standby mode
and the pilot signal is discontinued . That
causes the base-unit relay to go back to an
on-hook state and incoming calls can now
be accepted .

Test equipment
The proper test equipment is essential

for effec tive co rdles s telephon e trou
bleshooting . Gen eral-purpose test equip
ment such as a multimeter, oscillosco pe,
and audio generator will fill part of the
requirements. but some spec ial-purpose
telephon e test equipment is also needed .
First , we must either tie up a telephone
line (for some tests two lines are needed)
or use a telephon e line simulator. A 48
volt DC power supply fed thro ugh a 1.5
kilohm series resistance will suffice for
the basic teleph one-line simulator, with
input /output jacks for applyi ng ring volt
age and test tones , and measuring dialing
and audio signals.

A 20-Hz ring generator is also needed :
it should provide an output that is variable
from 45- to 100-volts RMS. A ring gener
ator is a special-purpose device used only
for telephone testing . Idea lly, the ring
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FIG. 3-THE B+ K 1050 telephone analyzer contains many instruments and features required to
adequately service a cordless telephone.

FIG. 4- THE STEPS THAT ARE FOLLOWED In performing the nng test are outlined In this flow chart.

SET PORTABLE
UNIT TOTALK

DIAL TONE NO IN USE NO TROUB LESHOOT
INDICATOR PORTABLE UNIT

IS HEARD LIGHTED TRANSMITTER

YES YES OK

TROUBLESHOOT TROUBLESHOOT
BASE UNIT BASE UN IT
VOICECIRCUITS RECEIVER

YES

PROCEED TROUBLESHOOT
TO DIAL PORTABLE UNIT
TEST VOICE CIRCUITS

If the cor dless telephone passes those
tests, we know that it will operate at sh0I1
range . We can then proceed to check more
subtle symptoms such as short range , in
terference , etc .

To perform a ring test, apply AC power
to the base unit and connect it to a tele
phone jack. Leave the porta ble unit in
standby (on-hook) . Apply a lOO-volt , 20
Hz ring signal to the teleph one line and
see if the portable unit rings . If the tele
ph on e do es not rin g , rin g-te st tr ou
bleshootin g is need ed . If the teleph one
rin gs , check fu rther that the rin ging
threshold is below 45 volts. If not , trou
bleshoot that problem . If so , proceed to
the dial-tone test.

To perform a dial tone test , first remove
the 20-Hz ring signal. Then simp ly set the
portable unit to TALK and listen for the dial
tone . If the dial tone is not heard , dial
tone-test troubl eshooting is needed . If ev
erything is working, procee d to the dia l
test.

To perform the dial test , dial each digit ,
othrough 9 , and observe whether the cor
rect digits are shown on the dial decoder.
Ifnot , dial-test troubleshootin g is needed.
If dialing is norm al, procee d to the voice
test.

To perform the voice test , speak into
the mouthpiece and listen to the earpiece
for correct sidetone level and overall voice
quality. If satisfactory, the cordless tele
phone is operationa l. If not , voice- test
troubleshooting is needed .

Let 's now see what the above tests show
us, and how they can be used to help

continued on page 118

Operational tests
Let 's start our cordless teleph one tests

with a ring test , dial-tone test , dial test,
and voice test. Even if you have a com
plete description of the symptoms, and
have a fairly good idea of where the prob
lem lies, it is a good idea to verify those
symptoms and performing the above oper
ational checks will usuall y do it. They
take very little time to perform, no more
than 10 or 15 seconds for the entire se
quence . If probl em s are encountered dur
ing any of the tests, you will have at least
isolated the problem to a part icular sec
tion and a few additional tests will narrow
it down to a speci fic circuit or component.

phone being serviced complete a well
equipped test bench for cordle ss tele
phone servicing .
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generator should shut off automa tically
when the telephone is taken off-hook. If
not. you must be very careful never to take
the teleph one off-hoo k when the high
voltage (45-100-volts RMS ) signal is ap
plied . Applying such a high voltage .to an
off-hook teleph one may dam age the tele
phone.

Another spec ia l-purpose device is a
di al dec od er. It is used to determine
whether the teleph one is dialing the cor
rect digits .

For RF testing, we need a method of
measur ing transmitter RF-Ievel. The sim
plest method is to use an RF probe and a
multimeter. The RF probe can be touched
to the antenna for RF level measurement s .
That technique is not useful for 1.7-MH z
band tran smitt ers that use the AC power
line as an antenn a. For those , a special
tester is required .

A deviation meter is needed for measur
ing FM modul ation and an FM-modu
lated, RF signal-generator is needed for
receiver testing . A frequency counter is
goo d for measuring transmitted RF car
rier-frequency and setting the RF-signal
generator on frequency. It is also needed
for measuring guard tone and ring-sig nal
frequencies , whether generated by the
cordless teleph one or by an audio signal
generator for injection into a cordless tele 
phone. Note that once again , 1.7-MHz
transmitters may prove to be a problem in
that sometimes the radiated signal level is
insufficient to drive a frequency counter.

One piece of equipment that the author
has found useful is the B&K-Precision
model1050 teleph one analyzer (see Fig.
3). It includes many of the specialized test
ins trume nts required in cordless tel e
phone repair. Among those are a tele
phone-line simulator, 20-Hz ring gener
ator, pulse- and DTM F dial -dec oder, FM
deviation meter, RF-signal generator (for
co rdless -telephone frequencies only ), a
dummy load for measurin g 1.7-MHz RF
levels , two audio generators, and other
convenienc e features. A general-purpose
osci lloscope , m ul t im et e r, fre que ncy
co unter, and serv ice manu al for the tele-
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Ho_ to Design
Microprocessor- based Projects
Make your next project "intelligent." Use a single-chip microcomputer to control it.

TOM FOX

Part 2 LAST MONTH, WE IN

troduc ed Na t io na l
Se mico nd uc to r's INS 80 7 3 mi croin
terpreter and described , in detail , its pin
connections and their functions . In this
secon d part of the series we will look at a
handy demo/developm ent board as well as
introduce the language of the 8073, NSC
Tiny BAS IC.

Before we get sta rted with that , we
should mention that Nationa l Sem icon
ductor has , unfortun ately, discontinued
production of the INS8073 . However,
many supp liers still have stocks ofthat IC ,
so you should be able to find it rather
easi ly. Even if you can' t, don't worry.
There are many other single-IC comput
ers available. You may even learn more if
you try to use another microint erp reter.

Even if you don 't want to pore over data
sheets and design interfacing circuits, you
can still put the power of a microin 
terp reter to work by using developm ent
and demonstration board s. Several man
ufacturers offer such boards. For exam-

pie , we' ll look at a demonstration board
for the INS8073 that is available from
Digi-Key Corp. (Highway 32 South, PO
Box 677, Thief River Falls , MN 56701).
That board, shown in Fig. 5, sells for
$250 . A user manual is $10.

The demonstrati on board makes de
signing with the 8073 so simple it seems
as if you' re cheating! After you receive
the board , all you have to do to start pro
gramming in NSC Tiny BASIC is to con
nect up power ( +5 and - 12 volts). If you
use an RS-232 termi nal, you have to add a
jumper to the board , and use a standard
male-male cable to connect the D-type
connector on the board (JI) to your termi 
nal 's RS-232 connector. Of course, you
can also use your co mputer along with
communications software to emulate a
smart termin al. Baud rates (l 1O, 300,
1200 4800 baud) can be set by adding
jumpers on the board.

After you turn on the power, a prompt
(> shoul d appear on yo ur te rm inal
screen. You are then ready to start pro-

gramming in Tiny BASIC.
Besides being easy to hook up and get

runn ing, the development board cont ains
4K of RAM , a 8255 programmable pe
ripheral interface IC , an 8154 RAM-I/O
that provides 128 bytes of scratch-pad
memory for use in asse mbly-language
subroutines, and has 16 I/O lines that can
be individ ually programmed.

Perhaps the nicest features of the board
is that it has an EPROM -resident utility
program as well as an EPROM progra m
mer (which is controlled by the utility
progra m). The utility program allows you
to store and retrieve programs on casse tte
tapes and download program s from a
"host" comp uter. It also has a variety of
other features such as the DUMP com
mand , which allows you to " display" part
of memory in both the hexadecim al and
converted ASCII format. However, for our
purposes (the des ign of smart machines),
its grea test feature is that it makes the
programmin g of EPROM's easy and near
ly foolp roof. All you need is a single-
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supply 2716 EPROM and a + 25-volt
source. The built-in program does all the
rest. One caution: the S (setup) command
is not mentioned in the manual , but it
should be used immediately before the P
(program) command.

While the demonstration board is defi
nitely helpful if you want to design cir
cuits using the 8073, it is not essential if
you have access to an EPROM program
mer. However, if you don't have an
EPROM programmer available, then the
board is recommended.

NSC Tiny BASIC
Like most tiny BASIC's, that supplied

with the INS8073 allows only signed in
tegers from - 32767 to + 32767 and 26
single-letter variables (A to Z). However,
as you will soon see, this Tiny BASIC is
remarkable in most other respects.

The commands RUN, CONT,
CLEAR, LIST, and NEW are similar to
the commands used by many standard
BASIC languages . The command NEW
< expr> resets the program pointer to that
of the <expr>. That command should be
given before you enter a program. For
instance, say you want to start your pro
gram at 1100H. (The " H" indicates that
the number is in hexadecimal). You
should type: NEW#1100<return> and
then type : NEW<return>. NOTE: In
NSC Tiny BASIC" #" is used as a prefix
to indicate to the interpreter that the
number is in hexadecimal. Numbers that
do not have that prefix will be treated by
the interpreter as if they are decimal .

The following NSC Tiny BASIC state
ments and operators are similar to those of
other BASIC's and will be listed without
comment: REM, LET, PRINT,
IF-THEN, FOR-NEXT, GOTO, GO 
SUB, RETURN, INPUT, STOP, + , -,
x , /, >, <, =, AND, OR, NOT, and
MOD.

The DO-UNTIL, statement is used to
program loops and has been borrowed
from PASCAL : That statement is rare in
the BASIC language, although the pro
posed ANSI standard BASIC contains it.

The LINK statement is used to transfer
control to machine language subroutines,
which can be used where speed is impor
tant .

The DELAY statement causes a delay
in the program execution up to a max
imum of just over I second . The number
following the DELAY statement gives the
time in milliseconds that the program will
be delayed . DELAY 100causes a delay of
about 100 milliseconds (1110 of a second)
and DELAY 0 gives the maximum delay
of about 1040 milliseconds . (Note all
times are only approximate and depend on
the frequency of the clock .) The DELAY
command is used extensively in our ex
ample project.

The function RND (random) is also
used frequently in our example project.

FIG. 5-THIS DEMO/DEVELOPMENT BOARD is
not necessary if you want to use the 8073, but its
on-board EPROM programmer and utility pro
gram makes It easy.

The statement LET A= RND(I,lO) as
signs a pseudo-random number between I
and 10 (inclusive) to the variable A .

Let's take a look at a short program
segment that will give us a delay in pro
gram execution between I and 5 seconds:

310 LET L=O
320 LET M = RND(1,5)
330 DELAY 0
340 LET L=L+M
350 IF L<5 GOTO 330

The TOP function gives the address of
the top of memory. (The top of memory is
the first memory location in external
RAM that is not used by the NSC Tiny
BASIC program .)

The following is an example of how the
TOP function is used . (Note that this ex
ample is printed here exactly as it would
appear on your terminal.)

>NEW#llOO
>NEW
> 10 PRINT TOP
>RUN
4366

The number displayed on the terminal
after the program has run (4366) is the
first address of unused RAM . Note that
like all numbers displayed on the terminal
under the control of the INS8073 microin 
terpreter, 4366 is in decimal. While the
interpreter "understands" numbers given
to it in hexadecimal (with a "#~ prefix), it
only displays decimal numbers on the ter
minal.

The STAT function allows you to
monitor and set the 8073 status register.
For details 'on that register, refer to the
National Semiconductor Tiny BASIC
User Manual and/or the INS8070 data
sheet.

The ON statement is used for process
ing interrupts. It has two formats; ON I
< expr> and ON 2 < expr>. Notice there
are two interrupts, I and 2. Number I
interrupt occurs when there is a high-to
low transition at pin 38. Interrupt number
2 occurs when there is a high-to -Iow tran
sition at pin 39 . After the 8073 senses the
interrupt, the interpreter will execute a
GOSUB beginning at the line number
given by < expr> . It is important to note

that the statement, STAT= "odd number"
(where the odd number is often I), should
be used before an ON statement in order
to enable the interrupts.

The INC(X) and DEC(X) functions in
crement and decrement , respectively, the
memory at the locations given by X.
Those functions are use ful in multi
processing . For our purposes , however,
we will ignore them .

The indirect operator
One of the most important features of

NSC Tiny BASIC, especially for those
who look to the 8073 to provide "brains"
for "brainless" machines, is the indirect
operator"@. " That operator is simpler to
use than the PEEK and POKE commands
found in most BASIC languages. For in
stance, to store a 4 (decimal) at location
COOOH, simply make the following state
ment; @#COOO=4 . The statement
" LET B =@#6000" sets the value of the
variable B equal to the value stored at the
hexadecimal address 6000.

Be aware that the INS8073 is an 8-bit
device and it can only store an 8-bit binary
number (0 to 255 in the decimal system)
at any memory location. Thus, if you use
the @ operator to attempt to store a two
byte (16 bit) number or larger at any
memory location, you might experience
sleepless nights trying to debug your pro
gram . The interpreter will only "see" the
least-significant byte. For instance, the
statement "@#COOO= 260" (260 =
100000100) would actually store "4"
(00000100) at location COOO.

Putting the microinterpreter to work
Now that we've introduced you to the

INS8073 microinterpreter and taken a
quick look at a demo/development board
and the NSC Tiny BASIC language, it's
time to design a project that is based on
the 8073. In particular, we will describe ,
in detail, how to build a "burglar outwit
ter. "

The first step in the design of any proj
ect should be to decide exactly what you
want the project to do. As the name of this
project suggests, we would like to fool or
outwit a burglar into thinking that some
one is in the house, even when it is empty.
The circuit we'll describe is fairly sim
ple-it's meant simply to be a demonstra
tion of what you can do with the INS8073.
If you decide to build such a device, you'll
learn a lot more if you customize the cir
cuit and/or program to better meet your
needs. We'll give you some hints on how
to do that.

The burglar outwitter
We want our demonstration circuit to

control three lights: The living-room light
(called light A), the hallway light (light B)
and the bathroom light (light C). When it
gets dark, we want light A to go on for
random length of time between 10 and 60



FIG. 6-THE FLOW CHART FOR Ihe burglar oulwiller. The actual program could have been wrillen
more compactly, bullhen il wouldn 'l have been as valuable a learning 1001.

minutes. We want light B to go on about a
seco nd after light A goes out. Light B will
stay on for I to 5 seco nds . About a second
after light B goes out, we would like light
C to light for a random len gth of time that
is no grea ter than 20 min tiles but noless
than 5 minutes. About a seco nd after this
light goes out light B should go on and
stay lit for I to 5 seco nds. After a seco nd
pause let' s have light A go on aga in, but
only if it is still dark.

111at completes the first cycle . After 5
such cycles , we would like the controller
to go into a " sleep" phase for the rest of
the nigh t. During that "sleep" phase ,
light C (the bathroom light) will go on
every 1Y2 to 5 hours for between I and 10
minutes . That should continue unt il sun
rise , when the controller will be reset and
prepared for the next night.

If possibl e, we would like to use a 2716
EPROM to store the software. And we
would like to design the system so that it is
easy to expand. After aIL we' ll probably
want to add another light--or maybe a
doz en appliances .

Now that we know what we want our
controlle r to do, we have to design an
actu al circuit to do the job. First , however,
let's look at some inpu t and output details .
Let's pick address COOOH for both our
output and input port address . Note that
COOOH is equal to 1100000000000000 in
binary notation . To decode that address, 
address lines AI5 and A I4 (the two most
significant bits) must be high while A I3
and AI2 are low. (We don't care about the
other address lines here since there is no
memo ry at those locations .)

The NSC Tiny BAS IC stateme nt LET
B = @#COOO, assigns the value at ad
dress COOOto the variable B. (Remember
the prefix " # " stands for " hexadecima l"
in NSC Tiny BASIC .) We have to design a
circuit that places information on dark/
light at input-port location COOO. When
its dark, let' s make D0 "one" (high) and
when its light , let' s have D0 " zero" (low).

For the output port , we will use the
same address, COOO . We can do that be
cause th e 8073 has READ and WR ITE

co ntrol lines that tell externa l c ircuits
(such as address decod ers) whether the
8073 is inputtin g inform ation (reading) or
outputting information (wr iting). TTL
latches will be used to temporarily store
output information . We' ll use one latch
for each light con trolled .

The output circuit will be designed so
. that the statement @#COOO= I will set

latch 1. Also the stateme nt @#COOO= 2
w ill set latch 2 and @#COOO= 4 will set
latch 3. All latches will be reset by the
state ment @#COOO =O. (Note that those
sta tements work beca use a dec imal I =
00000001(binary), 2 = 00000010 (binary)
and 4 = 00000100 (binary) .

A buffer/dri ve r/rel ay circ uit w ill be
co nnected to the latches' output to actu
a lly control the light s. But we 're ge tting a

litt le ahead of ourse lves . We' ll go into )
spec ific detail on how to wire real-life
part s . But first , let 's look at a prog ram that
will acco mplish our objec tives.

The control program
The first step in wri ting any non-trivial

program should be the sketching out of a
flow chart. Figure 6 shows a simplified
flow chart for our BASIC program . Al
thou gh this project has a definite practical
applicat ion, it also provides us with the
opport unity to explain the bas ics of de
signing with the INS8073. You may find
that the program (and circ uit itse lf) was
not designed to be espec ially compact.
The primary objec tive is to have some
thing that 's easy to understand . You might
like to write a shorter and more elega nt

program that acco mplishes the same task.
The wordy program shown in Table I is

allowable here since there is plenty of
memory space in the 2716 EPROM. Lon
ger, more complicated programs may not
fit in a single 2716.

While we could go through the program
line-by-line to explain its operation, it is
prob abl y less co nfus ing to study the
flowchart . There are some lines that we
should describ e , however.

The program statement in line 20 turns
off all lights , while the statement in line
30 places information on dark/light into
variable B. In line 40 , all da ta bits are
masked except the least-significant bit of
data (D0). The variable "C" has the value
of I when it's dark and 0 when light.

When it' s dark, the statement on line 60
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TABLE 1
BURGLAR OUTWITTER PROGRAM

1 REMGHOSTLY BURGLAR OUTWITTER PROGRAM
5 REM SET ALL VARIABLES TOZEROAND INITIALIZE

10 CLEAR
20 @# COOO=O
25 REMTEST FOR DARKNESS
30 LET B= @# COOO
40 LET C= l AND B
50 IF C=O GOTO 20
55 REM ITS DARKSO INCREMENT A
60 LET A=A +1
70 IF A>5 GOTO 500
80 GOSUB200
90 GOSUB300

100 GOSUB 400
110 GOSUB300
120GOTO 20

200 LETJ = 0: DELAY 0
205 REMTURN ON LIGHTA
210 @# COOO= 1
220 LET K=RND(1,6)
225 REM KEEPLIGHTA ON FOR10TO60 MINUTES
230 DELAY 0
240 LETJ =J +K
250 IF J<3600 GOTO 230
255 REMTURNOFF LIGHTA
260 @#COOO=O
270 RETURN

300 LET L= 0: DELAY 0
305 REMTURNON LIGHTB
310 @# COOO= 2
320 LET M= RND(1 ,5)
325 REM KEEP LIGHTB ON FOR1TO 5 SECONDS
330 DELAY 0
340 LET L=L+M

350 IF L<5 GOTO 330

355 REMTURNOFF LIGHTB
360 @#COOO= O
370 RETURN

400 LETN =O: DELAY 0
405 REMTURNON LIGHTC
410 @# COOO= 4
420 LET P=RND(l,4)
425 REMKEEPLIGHT C ON FOR5 TO20 MINUTES
430 DELAY 0
440 LET N=N +P
450 IF N<1200 GOTO 430
455 REMTURNOFF LIGHT C
460 @#COOO= O
470 RETURN

500 LET A=O: LET 0 =0: LET F=O
510 LET E= RND(1,4)
515 REMTEST FORDAYLIGHT
520 LETH '" @# COOO
530 LET 1=1 AND H
535 REM IF ITSNOWLIGHTOUT BRANCH TOSTART
540 IF 1= 0 GOTO10
545 REMIF STILLDARKWAITFOR1Y4 TO5 HOURS
550 DELAY 0
560 LET D=D +E
570 IF 0 < 18000GOTO520
575 REMTURNON LIGHTC
580 @# COOO= 4
590 LET G= RND(1 ,10)
595 REM KEEPLIGHTC ON FOR1TO10MINUTES
600 DELAY 0
610LET F=F +G
620 IF F<600 GOTO 600
625 REMTURNOFF LIGHT C
630 @#COOO= O
640 GOTO500

increments the "slee p-p hase variable,"
A. After that has been incremented past 5,
statement 70 instruc ts the program to go
to the "sleep phase" program segmen t,
which starts at line 500 .

If there have bee n less than 5 passes ,
the program jumps to the subro utine at
line 200 , which controls light A. First, the
subroutine clears the variab le J and delays
the program for abou t a second (DELAY
0). Next, the subroutine turns on light A
(@#COOO = I). The statement on line 220
sets K equa l to a pse udo-random number
between I and 6 . The statement "DELAY
0" delays further program execution for
about a seco nd and is the first part of the
loop, which consis ts of the statements in
lines 230,240, and 250 . The stateme nt in
line 240 increases the value of the variab le
J by the amo unt of K. (Remem ber "K" is

rJ) between I and 6 .) Line 250 causes a
g branch to line 230 if J is less than 3600 .
B ' Note that if K = I, this program loop will
g: cause a de lay of about 3600 secon ds (60
~ min .). Whe n K = 6 the delay is abo ut
uJ J60% = 600 seconds (10 min). Notice that
o with this program shorter delay times are
(5 more likely than longer ones. That fact«a: has noth ing to do with an inhere nt defec t
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in the RND command . Rather, it is built
into the design of the program . For in
stance, when K = 2, the de lay time is
about 30 minu tes , with K = 3 the delay is
about 20 minutes . There is no delay time
betwee n 60 and 30 minutes . Can you fig
ure out the approximate delay times for
K= 4 and K =5? .

The other light- control subro utines
work the same way, but take the time to
read through them to make sure you un
derstand.

The statemen t at line 120 causes a
branch back to line 20. After making sure
all lights are off, the program checks to
see if it's still dark out and if it is, variab le
"A" is incremented . Whe n A reaches 6,
the program branches to line 500 . TIle
program segment from lines 500 to 640 is
the sleep phase . Lines 520, 530 and 540
check to make sure it' s still dark. If it is
light , the program branc hes back to the
beginning . If it' s still dark the program
proceeds. Lines 550 , 560 and 570 causes
a delay of between 4,500 seconds (lY4
hours) and 18,000 seco nds (5 hour s).

Whe n that " rest" time is over, the next
stateme nt, @#COOO = 4, turns on light
C. The delay loop formed by the state-

men ts in lines 600 , 610 and 620 keeps
light C on for a per iod of time between
about I and 10 minutes . The statement
"@#COOO =O" turns off all lights and
the program bra nches back to line 500 .

The controller circuit
The schematic of the complete burglar

outwitter is shown in Fig . 7. TIle first
thing we' ll look at is photodar lington
trans istor Q I, which monitors the light
level. When h it by li ght , th e phc 
todarlington conducts CUITent. That pro
duces a voltage drop across R4 . That
voltage also appears at pin 3 of IC5-a, the
op-amp 's non-inverting input. When the
voltage at that inpu t exceeds that at the
invert ing inpu t (pin 2), the op-amp output
of jumps to almos t 5 volts . That triggers
IC6- a (a Sc hmi tt trigger NAN D gate),
whose output jumps low.

The output of IC6-a is fed to the input of
the three-state buffer, IC7-a. This buffer is
enabled only when a READ operation is
taking place on location COOO. (When a
three -sta te buffer is not enabled , it is
bas ically disconnected from the circuit.)
The decoding for that buffer is provided
by IC6-b , IC9-a and IC IO-a. .
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The output of IC7-a is fed to data-line
D0. Pulling the previo us disc ussion to
get her, we can see that when a RE AD

operatio n is taking place on addre ss
COOO , IC7-a 's output will be low (D0 will
be 0) when it is ligh t out. Of course, when
it' s dark , the output of IC7-a will be high
(D0 will be I).

The 2716 EPROM, IC2. conta ins our
Tiny BASIC program. As far as the rni
croi nterpreter is concerned . it is located at
addresses 8000 to 87FFH . The address
decoder for IC2 consists of IC9-b, IC IO-a
and ICl l-a . Since the EPROM's OUTPUT

EN A BLE pin (20) is connec ted to ICI 's
N RDS (R EAD DATA STROBE) output. IC2 is
ENAB L ED on ly durin g a READ opera tion.
Note that with the 8073, the first ASCII
character of the prog ram in EPRO M must
be located at hex address 8000 if the cir
cuit is to be self-star ting at power up or
reset.

Two IK x 4 stat ic RAM 's, IC3 and IC4 ,
provide the scratch-pad mem ory required
by the Tiny BAS IC interpre ter. The de
cod ing required is provi ded by IC9 -b,
ICIO-b , and IC Il -b. That RAM memory
starts at hex address 1000 .

Th e 4-M HZ crys ta l and associated
lowpass filter network (R II, R12, and C2)
form the frequency-control network for
the on-chip osc illator.

Start-up (initializa tion ) of the 8073 is
achieved with the R-C network consisting
of RI5 and CI. The RESET pin of IC I (pin
37) goes low for about a secon d after
power-up and then grad ually rises to + 5
volts . That slow rise in voltage is allowa
ble as input since the RESET pin is buffered
with a TTL-compatible Schmitt trigger.
(The first instruction to be fetched , after
pin 37 goes high , is at location 0001.
Unlike microprocessors, which only un
derstand machine language , the designer
who uses an 8073 need not know this
specific information since the on-chip in
terpreter takes care of these deta ils . That
is ju st one exampl e of the savings in time
microinterpreters provide to the designer.)

The output circuit that controls light s
and appliances consists of the quad-l atch
ICI2, optocou plers ICI3 -ICI5, and asso
ciated ci rcuitry. The addres s-decoding
network for ICI2 is made up of IC8-a ,
IC9-c , and ICIO-a .

The quad latch is enabled when IC I
attempts to write to locat ion COOOH ,
Once a latch is enabled it can store data.
Thus the statement @ # COOO= I enables
ICI2 . Since D0 is connected to the " D"
input of latch one (pin 2), it also causes
latch one to store a I. The result is that pin
16, the " Q" output oflatch one , goes high
and stays that way at least until ICI writes
to location COOO agai n.

When pin 16 goes high , the LED inside
optoco upler ICI 3 is energized causing the
intern al phototransistor to conduct. That
turns on transistor Q2, which causes relay
RYI to close and thus turn light A on.

PARTS LIST

All resistors V4 watt , 5% unless other -
wise speci fied

R1, R2. R12-1000 ohms
R3-10.000 ohms potentiometer
R4, A13, R14-3300 ohms
A5, R7. A9, A10, R22-10.000 ohms
R6-220 ohms
R11 , A15--100,000 ohms
A16. R17, R18-270 ohms
R19, A20, R21- 39 ohms

Capacitors
C1-33 Il-F, 10 volts, electrolytic
C2-27 pF ceramic disc
C3-C13-Q.1 Il-F bypass capacitors (not

shown on schematic)

Semiconductors
IC1-INS8073 microinterpreter
IC2-271 6 EP ROM (properly pro -

grammed. see TABLE 1 and the text)
IC3. IC4-2114 1K x 4 RAM
IC5--LM324 quad op-amp
IC6,IC11-74LS13 dual NAND Schmitt

trigger
IC7- 74LS125 quad buffer
IC8-74LS21 4 input AND gate
IC9-74LS04 hex inverter
IC1G-74LS02 quad NOR gate
IC1 2- 74LS75 4-bit bistable latch
IC13. IC14, IC15-4N25 or equivalent op

tocoupler
Q1-2N5777
Q2,Q3,Q4-2N2222

Other components
AY1,RY2,RY3-6-volt DC relay with 50

ohm coil, (Calectro 01-973 or equiv
alent)

S1-SPST momentary type switch
XTAL1-4 MHZ crystal
Miscellaneous: PC or prototyping
board, two-conductor cable (for Q1),
14-gauge U,L. approved wire (for wir
ing the light circuits to the relays),
hook up wire , solder, etc.

The INS8073 demo/development
board (Part No. DB10-ND), is available
from Digi-Key Corporation, Highway
32 South, P.O. Box 677, Thief River
Falls, MN 56701-9988 (1-800-346-5144)
for $250.00.

Similarly, the statement @ # COOO= 2
causes D I to go high , which turn s on light
B. The sta temen t @ # COOO= 4 will cause
D2 to go high and light C will go on.
Notice that by connecting D3 to pin 7 and
adding another optoco upler/transistor/re 
lay circuit, ano ther light/appliance can
be contro l le d by · t h e state me n t
@ # COOO= 8.

Burn ing the EPROM
As we mentione d previo usly, the demo/

development board from Digi -Key con 
tains an on -board burner for 27 16
EPROM's. A brief review of how to use it
follows .

After you obtain the prom pt (> on

your ter m ina l , type : NEW# I IOO<re
turn > . Then type : NEW < return> . You
are now ready to enter the program in
Table I (or your own program). To save
time (and memory space for longer pro
grams ), you might want to leave out the
REM statements.

After entering your program, connect a
+ 25 volt source to pin 3 of " PI" on the
board and insert an erase d 2716 in the
e m p ty socket. Now t yp e :
NEW#8800 < return > and then type :
S< return> . Sw itch S2 to P and then type:
P<return > . If everything goes we ll,
" DONE,CMD?" should show on the dis
play.

Building the outwitter
Since thi s project is fairly simple (for a

computer-based project , that is) it can be
put together on a solderless breadb oard . If
you use such a system, make sure you
keep all the wires that are connected to
ICI and IC2 as short as possible . While
such a breadboarding technique isn 't suit
able for perm anent installations, it is ideal
for des ign work since the circuits can be
quickly constructed and easi ly modified .
This is also an economic method of test
ing your design , since the parts from the
breadboard can be used in a different proj
ect or can be used in the final circui t. If
you do make a perm anent version on a PC
board or wire-wrap board , be sure that
you use IC sockets- at lea st for the
EPROM.

The ph otodarlingt on tr an sistor, Q I,
should be mounted so that it is facing out a
window. Make sure that you don 't locate it
near an indoor light. When it starts to get
sufficiently dark out , carefull y adjust R3
so that light A goes on . The relays listed in
the parts list are Ca lectro D1-973 and can
control 200 watt 020-volt ) light bulbs . By
connecting the contacts of those relays in
series with the co il circuit of a power relay,
much larger currents can be controlled .

The beauty of using microinterpreters is
that the program contained in the EPROM
can be quickly and eas ily changed-short
program s can be modified in less than an
hour. As a real-life example, let 's look at
our circuit. It is possib le to modi fy the
progr am so th at th e circuit can tell
whether it is summer or winter. One way
that could be done is by writing a program
so that the " outwitter " measures the
length of day. TIle circuit can then modify
its behavior according to the season.

The output circuit itself can be easily
modifi ed to co ntro l mor e light s/ap
pliances . The addition of light D has al
ready been touched upon previously. By
adding an additiona l 74LS75 quad-latch ,
4 more light s/appl ianc es can be eas ily
con trolled. With the use of a suitable de
coder to the output of these 8 latches (and
a modification of the program) 256 lights/
appliances can be controlled . That should
be nearly enough for everyone! R-E



Interfacing digital signals to
real-world devices has always been
a difficult task. But
optocouplers can help make it easy!
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electri cal parameters of the IRED . They
are: Ip diode forward current; Vp diode
forward voltage , and VR' maximum re
verse voltage. (See Fig. 2.)

Because the DC output and transfer pa
rameters differ depe nding on the type of
detector element used by the optocoupler,
we' ll list and define them separately ac-
cording to the detector. .

Phototran sistor- and photodarlington
type optocouplers work on the same prin
cip le. The collector-to -base junction is
enlarged and works as a reverse-biased
photodiode controlli ng the transi stor.
That is , radi ation striking the junction
generates electron-hole pairs , which are
swept across the junction by the field de
veloped across the depletion region. The
parameters for the photodarlington and
phototran sistor types are:
• Ie' max imum co ntin uous co llec tor
(output) CUITent
• V<BR lCBO' maximum collector to base
breakdown voltage
• V<BR)CEO' maximum collector to emit
ter breakdown voltage
• V IBR)ECO' maximum emitter to collec
tor breakdown voltage

Optocouplers that use light-act ivated
bilatera l switche s in the outp ut are de-

switch, or light-activated SCR . Figure I
shows the schematic symbols for those
types. Altho ugh other types are available,
those shown are the most common .

Signals are transmi tted between the two
electrically isolated elements by means of
a light path , or light source. The two ele
ment s cannot rever se their role s. And
since there are no electrical connections
between them , a signal passes through the
unit in one direction only .

Optocoupler parameters
To success fu l ly de si gn w ith op

tocoupl ers , a clear understanding of their
parameters is requ ired . Because we' ll be
dealing only with low-frequency circuit s,
we'll define only the DC parameters of
those devices. The DC parameters are di
vided into input, output, and current
transfer ratio .

The Current Transfer-Ratio or CTR is
the ratio. of the input current to output
current of an optocoupler (at a specified
bias). It is often repre sented by ll . That
value depend s on the efficiency of the
IRED and the spacing between input and
outp ut elements . The area, sensitivity,
and gain of the detector also playa role .

The DC input parameters define the

DANIEL M. FLYNN

Optocoupler basics
The optocoupler (a ls o ca ll ed op 

toiso lator or photocou pler) is a single
compo nent consisting of a light source
and photodetector. The two elements are
isolated from each other by a transparent
insulator, and the assembly is completely
enclosed in an opaque package .

The light source for most optocouplers
is a gallium arsenide (GaAs) IRED (In
fraRed Emitting Diode). The detec tor, or
output eleme nt, may be a phototransistor,
photodarlington, light-activated bilateral

HOW OFfEN HAV E YOU WANTED TO INTER

face a logic circuit to real-world devices
that operate from an AC 'source or a high
DC voltage? That interfacing prob lem can
be overcome in many ways. But perhaps
the best way is to use an optocoupler.
Optoco uplers have a lot to offer: electrical
isolat ion, logic-circuit compatibi lity ,
small size , and high reliabi lity.

Optocouplers can be used in applica
tions that require electrical iso lation
when the low DC output of a logic circuit
is used to control an AC motor. Since a
logic circuit is incapable of delivering an
AC voltage, and AC induced in the logic
circ uit can cause all kind of trouble , the
motor and the logic circuit must be elec 
trica lly isolated . And that's where the op
tocoupler really come s in hand y.

An optocoupler might be used in ap
plications where the high-level outp ut of a
meter in g device is fe d to a micro 
processor-controlled circuit to automat
ica lly sta rt or stop operation at a
predetermined point. (Consider a robotic
assembly line, for example .)

In this article, we' ll look at several op
tocoupler circuits that may be used to in
terface logic circ uits to the " real world ,"
or to interface any low-voltage circuit to
one that operates on higher voltage . But
before we do that , we should first take a
closer look at what optocouplers are and
discuss their parameters .

All About
OPTOCOUPLERS
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FIG.1-MOST COMMON OPTOCOUPLERS: a has a phototransistor output ; b, a photodarlington ; c, a
light-activated bilateral switch, and C has an SCR output.

tocoup ler 's diode input.
Whe n a 12-volt signal is presented to

the input , current flows throug h RI and
the IRED . That current lights the IRED,
a n d th e li gh t s tr ik ing th e p ho 
tod arl ington 's co llec tor-to-base j unction
causes it to turn on. The photodarlington
output is used here because its large CTR
va lue a llows eno ug h current to pass
throu gh resisto r R2 to develop the re
qu ired voltage at the output for a logic 1..
The output signal can now be used to drive
a logic -ga te input.

Removi ng the l2-volt DC signal turn s
the photodarlington off, and R2 pulls the
output low. (In low-speed switching cir
cui ts , the base input of photodarlingtons
and phototransisto rs typically remain un
connected. However, high-speed circuits
use the base input to increase the switch 
ing speed of the device .)

Whe n designing simi lar circui ts for
various DC-input levels, remember that

GLOSSARY OF OPTOELECTRONIC
TERMS

Bandgap (electronic)-the potential dif
ference between the valence and con
duction bands, which determines the
forward voltage drop and frequency of
light out of a diode.

Current transfer ratio (electronic)-the
ratio of input current to output current at
a specified bias of the optocoupler.

Dark current (electronic)-the leakage
current of a photodetector with no inci
dent light, usually IcEQ.

Detector (radiometric)- a device that
changes light energy (radiation) to elec
trical energy.

Effective irrad iance (eiectronic)-I R
perceived by a detector.

Emittance (radiometric)-power radi
ated per unit area from a surface.

Emitter (radiometric)-a source of radi
ation.

Infrarad (photoelectric)-radiation of
longer wavelength than normally per
ceived by the eye; i.e., 78 to 100micron
wavelengths.

Irradiance (radiometric)-radiate d
power per unit area incident on a sur
face, broadband analogy to illumina
tion.

Isolation voltage (electronic)-the di
electric withstanding voltage capability
of an optocoupler under defined con
dition and time.

Light current (etectronic)-current
. through a photodetector when illumi

nated under specified bias conditions.
Optocoupler (electronic)-a singl e

component that transmits electrical in
formation between a light source and a
light detector, which are not electrically
connected; also called optoisolator or
photocoupler.

Photoconductor (eiectronic)-a mate
rial whose resistivity is a function of the
radiation level falling on it.

Source (radiometric)-a device that
provides radiant energy.
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The specifications for three optoco up
lin g d ev i c es-4 N 3 3 , 4N26, a n d
MOC3 0l 0-are give n in Table I, Table 2,
and Table 3 respectively.

Voltage level shifters
When a logic circ uit is required to ac

cept inputs from the rea l world, it is often
necessary to shift the voltage level of an
input signal to S-volt logic levels. If the
input is a DC signal, it can be interfaced to
the logic circui t usin g an op tocoupler
without electrically tying the two together
(i .e ., the two circ uits do not share a com
mon ground.)

The advantage to tha t is that any noise
or voltage sp ikes on the signa l-circuit
ground are not direc tly impressed on the
logic-circuit ground . An op toco upler can
also be used to convert AC sig nals to S
volt logic levels , while isolating the logic
circ uit from the high AC voltage.

FIG. 3-THIS CIRCUIT MAYbe used to trigger a
TTL gate input.

Figure 3 shows one op toco upler ap
plication where a 12-volt DC (V IN) input
is converted to S-volt logic levels. Here we
see a circuit using a 4N33 optoco upler.
(Specifications for that device are given in
Table I.) The 12-volt input causes the out
put of the optocoupler to go to a high logic
level. In additio n, any common-mode
noise is rejected becau se of the op -
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FIG. 2-THE INPUT ELEMENT of most op
tocouplers is a gallium arsenide (GaAs) IRED.

signed for app lications that require iso
lated triac triggering. low-current isolated
AC switching, and hig h electrical isola
tion . For that type of device the param
eters are :
• IT(RMS)' maximum on-state RMS cur
rent
• VDRM' maximum repeti tive off-state
output term inal voltage
• VTM, peak on-state voltage.

Light-ac tivated SCR optocouplers are
desig ned for app lica tions that require high
elec trical isolation between low-voltage
circuitry (like those using Ie's) and the
AC line . The parameters for the SCR de
vices are:
• IT(RMS)' maximum on-state RMS cur
rent
• VDRM' maximum repe titive off-state
output terminal voltage
• VRM' maximum reverse voltage

The transfer parameters of an op 
tocoupling device (as men tioned above) is
the measure of the ratio of curre nt trans 
mitted between the input and output ele
ment s . For pho tot ransistor and pho 
todarlington type units , the parameters
are :
• CTR (n), ratio (in percent) of the mini
mum hig h co llec tor output-current to di
ode current at a given VCE and IF'
• VC EIsat)' the co llector-to -emitter sat 
uration voltage

For light-activated bilateral switc h and
SCR types :
• IFf, maximum IRED trigger current
required to latch (trigger) the output
• IH , holding curre nt required forthe out
put to remained latched
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FIG. 4-THE BASE CONNECTION OF the 4N26
is used to increase swi tching speed.
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the value of R2 is determined by the input
parameters of the logic gate being fed .
The value of R2 given by:

R2 < YIL/IIL
where YIL is the low-level input, gate volt
age and IlL is the low-level input , gate
current.

The value ofRI is found by first solving
for Ie (coll ector current) :

Ie = YIH/R2
where YIH is the high-level input to the
driven gate and R2 is resistance in ohms.
Next, solve for IF (diode forward current):

IF = Ie/T!
where T! is the CTR of the optocoupler. To
find the CTR, go to the specification sheet
in Table I and look under the heading Ie
for the coupled parameters. From that we
get:

T! = Ie/IF = 50110 ;= 5
Now the nom inal value for Rl-is.given by:

'< ,
Rl = (YIN - YF)/IF

As an example , let's calculate the val
ues of Rl and R2 for Fig . 3, assuming that
the driven logic gate is a standard 7400
series. For that type of device, the input
parameters are: YIL = .8 volt, YIH = 2
volts, and IlL = - 1.6mA . Therefore , the
value of R2 is given by:
R2 < YIL/IIL = .8/( 1.6 X 10-3) < 500

Now it can be seen that R2 is chosen to
be the largest common resistor value 'that
is less than 500, which is 470 ohm s.
Using the value of R2 , solve for the col
lector current:

Ie = YIH/R2 = 2/470 = 4 .3mA
where 2 is the high-leve l gate input volt
age and 470 is the value of R2 in ohms .
The value of IF is found from:

IF = Ie/T! = 4 .3/5 .00 = l.OmA
Now look up IFunder the input heading

and Ie under output. Since neither of the
calculated values exceed the maximum
rating s of the 4N33 , we can now solve for
RI :

YIN-YF 12 - 1:2
Rl = = - - = 1O. 8K

IF I X 10-3

The close st common resistor value to the
one calcu lated for Rl is 10K.

Decreasing the value of Rl increases
the loading effect on the signal source and
decreases the transfer efficiency. For in
stance, in a similar circuit with Rl chose n
to yield a IF of 20mA, the current-transfer OUTPUT

+5V

R2
47011

Maximum Units
50 mA
1.5 V
3 V

100 mA
250 V
3.0 V

15 mA
f.LA

4N33

1.2

2.5

8.0
100

Typical

RI
56K

01
l N4383

I = 5 - .4 + .0016 = IOmA
F 10,000 .20

Using that value : you can now find the
resistance of Rl :

RI = 24 - 1.1110 X 10- 3 = 2. 3K
The closest standard value is 2 .2K.

117
VAC

,......-A--...

+
CI

'=' 35IJF1
FIG. 5-NON·INVERTING circuit that converts
117volts AC to to S-volt logic levels.

Minimum
IF
VF (IF=10mA)
VR

IT (RMS)
VORM
VTM (IT= 100mA)

IF
IH

Input·

Output

Coupled
Parameters

Minimum Typical Maximum Units
IF 80 mA

Input VF (IF=10mA) 1.1 1.5 V
VR 3 V

lc 100 mA

Output V(BR)CBO 70 V
V(BR)CEO 30 V
V(BR)ECO 7 V

Coupled eTR (IF= 10mA, VCE= 10V) 20 %
Parameters VCE(sat) (IF= SOmA, lc = 2mA) .1 .5 V

TABLE 3
MOC3010 SPECIFICATIONS

TABLE 1
4N33 SPECIFICATIONS

Minimum Typical Maximum Units
IF 80 mA

Input . VF (IF=10mA) 1.2 1.5 V
VR 3 V

lc 30 100 mA

Output V(BR)CBO 30 V
V(BR)CEO 30 V
V(BR)ECO 5 V

Coupled lc (IF= 10mA, VCE= 10V) 50 mA
Parameters VCE(sat) (IF= 8mA, Ic =2mA) 1.0 V

TABLE 2
4N26 SPECIFICATIONS

ratio is only 46 %.
The circuit in Fig . 4 con verts a 24-volt

input , YIN' to an inverted 5-volt output.
That is , a high input causes the outp ut to
go low. When a 24-volt signal is present ,
current flows through the IRED, and the
photo transistor conducts. Bec ause the
output of the device is taken at its collec
tor, the input to the logic gate is low.

When the input signal is removed, the
phot otransistor turn s off and R2 pull s the
output high . The 4N 26 is used here in
stead of the 4N 33 because of its lower
YeE(Sat) value . Table 2 shows the specifi
cation s for the 4N 26.

The resistance of for R2 is not critical.
A nominal value for RI for any input volt-
age (Y IN) level is given by: .'

RI = (YIN - YF)/IF
where IF = (Y e e - Ye E( Sat/ R2 
IIL)/T!·

The IF value guara ntees that the pho
totransistor will saturate . The value of Rl
when YINis 24 volts is eas ily found . Let's
say that the driven gate is once agai n a
7400 series TT L. Since R2 is 10K and the
gate requ ires an input curre nt, IlL' of
-l.6m A, then :

+5V24VOC
~

(/)
o
Zoa::
fo
W
...J
W

6
is«a::

92



<0co
01

A6
180n

4 TAl MT2

--
IC3
MOC3010

A5
330n

01
2N2222

+V

gin of safety. The largest load that the
MOC3010 can handl e is 12 watts .

The circ uit in Fig . 8 overco me s the
p ower s w itc h ing limi ta tio n of th e
MOC301O . Now we see that the output of
the MOC3010 is used to gate a power
triac . The value for RI is ca lculated in the
same way as done for RI in Fig. 5 .

The minimum current required to trig
gerthe triac dete rmine s the maximum val
ue for R2, while the power dissipation of
the triac gate determines the minimum
value for R2 . The maximum value of R2 is
given by:

R2 = (2Ys - YTM - RL)/Io M
where YTMis the output paramet er of the
optoco upler, 10 M is the maximum gate
trigger current of the triac , and Ys is the
AC supply voltage .

Load control application
Figure 9 shows a circuit that can tum

room lights on and off as the pressure-mat
switch, S I, is acti vated . The 555 timer,
IC I , is configured as a monos table (one
shot) to de-bounc e S I and allow time for
the person to step off the mat.

The output of IC I at pin 3 is fed to hal f
of a 4013 dual, D-type flip-flop, IC2-a , so
that it is triggered on each clock pul se .
Whe n the Q output of IC2-a is high , tran
sistor QI conducts . That provides a path to
gro und for the diod e current , and that , in
tum, causes the IRED to conduct. The
light from the IRED striking the pho
todetector causes it to tum on triggering
TRI , de liver ing power to the load. R-E

A3
10K

A4
lOO K

14

+V

+V

C3 .1
35)lF

4 6

o QI-+--"V'~-+"

IC2
1/2 4013

ClK 0: 2

ICl
555

4

Al
10K

i-- l
I ...J:.. In-o 0----+,-----'

- L __ J
Sl
MAT SWITCH

+v

FIG.9-THE OPTOCOUPLER is t r iggered by a one-shot to turn on room lights when some one steps on
the mat switch, 51.

real world, a logic ga te output is often
requi red to contro l a 1I7-volt AC load.
The relay circui t of Fig. 6 can be used in
such app lica tions. However, many circuit
design requirements may exclude the use
of a relay.

The optoco upler designs shown in Fig.
7 and Fig. 8 provide elect rical isolation
and control without the disadvantages of
the relay-circuit design. The cont rol cir
cuit of Fig. 7 may be used to drive loads
with small AC power requirements. Here
a MOC3010 optoco upler is used ; its pa
rameters are shown in Table 3.

When the logic-gate outp ut is low, cur
rent flows through the IRED of the op
to coupler. If IF is equa l to IFT' the
bilateral switch output is triggered into
conduction. Since the bilateral switch
conducts in both direc tions , power is de
livered to the load during the positive and
negative halves of the AC cycle . As the
output of the logic ga te that' s feed ing the
optocoupler goe s high , IF is reduced be
low IH of the MOC3010 and the bilateral
switch turn s off.

The maximum value for RI is given by:

R I ::s YCC( MINj - YF(MAX) - YOL

1FT
where YF and 1FT are parameters of the
optoco upler used and YOLis the low-level
output voltage of the logic gate .

Choose the largest resistor value avail
able that 's less than the calculated value .
Remember, the logic gate must be capable
of sinking a curre nt of 1FT with some mar-

TO
117
VAC

~

TO
117
VAC

,-A--..

6

--

MOC3010

--

Al 1

Al

G MTl
2 6

+5V

+5V

'---v-----I
TO 117VAC

FIG. 6-A RELAY can be used to interface log ic
gates to real world devices, but circuit require
ments may exclude its use.

Load control
When interfacing logic circuits to the

+V

FAO MlOGIC
GATE

FAO M
lOGIC
GATE

FIG. 7-THIS CIRCUIT MAY be used in applica
tions that have small AC power requirements.

FAOM
l OGIC
GATE

FIG. 8-HERE THE MOC3010 is used to trigger a
triac 10accommodate larger load requirements.

A non- invertin g circ uit that converts a
117 volts AC to ~a 5-volt logic level is
shown in Fig . 5 . With a 117-volt input
applied. curre nt flows in the IRED for
one-half the AC cycle and in d iode Dl
during the other half.

Dur ing each positi ve half-c ycl e . the
photodarlin gton conducts. That causes a
pul satin g DC voltage to develop across
R2. which is then filtered by ca pacitor C I.
The voltage acro ss C I forces the gate input
high . Whe n the AC input is removed. the
photodar ling ton turn s off. The voltage
across C I d rops as the capac ito r di s
charges throu gh R2. Now, R2 pulls the
gate input low.
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DESIG I G
WITH
DIGITAL Ie's
All about logic gates, the basic building blocks
of digital electronics.

JOSEPH J. CARR

~~
(INVERTER) b

a

==D-o :=[)-o
NOR AND

d

:=D--o :=)[r
NAND EXC LUSIVE·OR

e (XOR)
f

FIG. 1-THESE SYMBOLS are the ones now
commonly used to denote logic gates in sche 
matic diagrams.

a

to

OUTPUT:
, = ON
0=OFF

1
A

INPUT OUTPUT
0 ,, 0

+

i
Vl
..!..

o

b

FIG. 2-THE SCHEMATIC SYMBOL FOR a sim
ple inverter, or NOT gate, is show here, along with
the tr uth table for that device.

+

o

+

FIG. 4- THESE INPUT AND OUTPUT waveforms
show that the output of the inverter goes low
whenever the input Is high.

FIG. 3-THE OPERATION of an inverter can be
seen by examining the operation of this equlv
alent circuit.

In our equivalent circuit , the input state
is indicated by the switch position , while
the output state is indicated by the bulb.
With the input low (swi tch open) the
power supply is connected to the bulb
through a current-limiting resistor. so the
output is high (bulb on). But when the
input is low (switch closed), the output is
low (bulb off). Symbolically, if the input
is A . the output is A, and if the input is A,
the output is A.

There are several TTL and CMOS IC's
that contain inverter stages . The most
common form are hex inverters , which are
integrated circuits that contain six inde
pendent inverters in-one package . Exam
ples of hex inverters include the 7404,
7405, 7406 , 7407, 74 16, and 7417. Of
these , all but the 7404 use open-collector
outputs.

At this point, it might be prudent to
digress a little and\mention noninverting
buffers . Those also, come in hex form
(such as the 4050B ):'Those devices have
fanout ratings of 10 and up, and do not
invert the input signal. They are used to
provide isolation between circuits and to
increase the drive capacity of certain de
vice outputs . Microprocessor outputs typ
ically have fan-outs of 2, so they will not
drive the heavily loaded lines normally
found in personal comp uters . Devices
with fan-outs to 100 are available.

An indication of the influence of per
sonal computers is that IC manufacturers
now offer octa l buffers and inverters (de
vices with eight independent buffers or
inverters). Those devices match the 8-bit
data bus typically used by many popular
personal computers.

Circuit symbols
Over the years there have been several

different sets of schematic symbols used
for digital devices . As a result. at times .
the industrial and military/aerospace seg
ments of the electronics industry have had
difficulty reading each others' drawings.
More recently. however, the set of sym
bols shown in Fig. I has become more or
less accepted by all. Those are the sym
bols that we will use in the remainder of
this series .

The NOT gate
TIle NOT gate. or inverter. is the sim

plest form of gate. and , indeed , some do
not even consider it a gate. Figure 2-a
shows the circuit symbol for that device ,
while its truth table is shown in Fig. 2b.
The equivalent circuit for the inverter is
shown in Fig. 3.

An invert er inverts. That is. its output
signal is the complement of the input sig
nal. as is shown in Fig. 4, and is always
the opposi te of the input.

Part 3 GATES A RE THE FU N 

damen ta l bu ildi ng
blocks of digital circu its. From the sim
plest devices to the most complex com
puters . digita l circuits are ultimately no
more than collections of the basic gates
described in this article. Those gates in
clude the NOT . AN D. OR and. EXCLUSIVE

OR. In addition. two other gates are con
sidered basic . although they are essen
tially formed by marr ying two other gates .
Those are the NAND (formed from a NOT

and an AN D ) and the NOR (formed from a
NOT and an OR) .

o:o
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OUTPUT
OFF =0
ON = 1

A B OUTPUT

0 0 0
0 , 0, 0 0
1 1 ,
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I

I
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I
I
I
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to t l t2 t3 t4 t 5 ts

FIG. 1O--0NLY WHEN BOTH INPUTS are high , is
the output of the AN O gate high .

ABO ~o>--- - -LJ- ~ OUTPUT

b

a

two series connected switches, labelled A
and Il . Those switches correspond to the
inputs of a two-input AN Dgate. Note that
the lamp will not be on, indicating a high,
unless both switches are closed (in the
logic I position).

In some older manuals on digital logic,
they call the AN Dgate by a very appropri
ate name: " coincidence detector. " In
other words, a circuit that generates an
output indicating the coincidence of input
pulses.

The NAND gate
The NAN Dgate is another example of a

composite gate. In this case. the NAND
gate is essentially an ANDgate followed by
an inverter (NOT-gate). Figure 11-(/ shows
the schematic symbol for a NAND GATE.
Fig. Il -b shows the equivalent circuit, and
Fig. l l-r shows the truth table. Figure 12
shows the input/output waveforms for that
device.

In operation, as is shown in the wave
form diagrams and the truth table, if either
input sees a low. the output is high. The
only way that the output can be low is if
both inputs see a high.

It is instructive to compare the opera
tions of NANDand NOR gates, keeping in
mind that a positive-logic NA ND is also a
negative-logic NOR, and vice-versa.

FIG.9-THE AND GATE.The schematic symbol,
equivalent circuit, and truth tab le for that device
are shown here.

A B OUTPUT

0 0 1

0 1 0, 0 0
1 1 0

a

ASL-fLJ
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I

B~
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I

OUTPUTULnfLjL

The AND gate
The AND gate is shown in Fig. 9; the

circuit symbol is shown in Fig. 9-(/, the
equivalent circuit is in Fig. 9-b, and the
truth table is in Fig. 9-c. The input and
outpu t waveform s for the device are
shown in Fig. 10 .

As you can see in the truth table and the
waveform diagram, for the output of the
AN Dgate to be high, all of the inputs must
be high: otherwise the output is low. That
operation is further illustrated by the
equivalent circuit. That circuit consists of

:=D-----o OUTPUT

b

+

A n I
I I I I

~: i i '
I I I

B I I I
I I I I I I

L.rlJLSOUTPUT I I I I I I
I I I I I I
I I I I I I

t o t 1 ~2 t3 t4 t 5

FIG. 6-THE OUTPUT of an OR gate goes hig h
wheneve r either, or both , of the input are high .

R

FIG. a-THE NOR gate-outp ut is high only
when neither input is high .

is the output high.
An example of the NOR gate is 7402.

That TTL device is a quad two-input NOR
gate, so there are four independent two
input gates in the same Ie package.

FIG.7-THE NOR GATE.The schem atic symbol,
equivalent circuit, and truth table for that device
are shown here.

A B OUTPUT

0 0 0
0 , ,, 0 ,, 1 ,

~ ..!.
+ !
i

V I 1
I

~.!.. OUTPUT:
ON=,
OFF =0

b

a
o

c
FIG. 5-THE OR GATE. The schematic symbol,
equivalent circuit, and truth table forthat device
are shown here.

The OR gate
Figure 5 shows an OR gate. Its sche

matic symbol is shown in Fig. 5-a. its
equivalent circuit in Fig. S-b , and its truth
table in Fig. 5-c. The input/output wave
forms for the device are shown in Fig. 6.
For our example. we've chosen to show a
two-input device. although OR gates with
three. or more inputs are available.

The equivalent circuit can help us un
derstand how an OR gate operates. Once
again . the switches are used to represent
the inputs. while the light bulb is used to
represent the output. If either switch is
closed. then the output lamp lights. In
other words . if either A OR B is closed.
then the lamp is on. Both A and B must be
open for the lamp to be off.

That operation is also seen by examin
ing the truth table. Note that a I on either
input. or on both inputs. will result in a I
output. The only situation where the out
put is 0 is when both A and B are also 0.

The NOR gate
A NOR gate is a combination gate made

from an OR gate followed by a NOT gate.
As seen in Fig. T-a, the NORgate symbol
is an ORsymbol with a small circle indica
ting inversion at the output terminal. The
equivalent circuit for the NOR gate is
shown in Fig. 'l-b , while the truth table for
that device is shown in Fig. 'l-c .

Let 's see how that gate works by exam
ining its equivalent circuit and truth table.
When either switch is closed (logic I), the
lamp is shorted out so that it will be off
(logic 0). Both switch A and B must be
open (logic 0) for the lamp to be on (logic
I).

Wecan see graphically the operation of
the NOR gate by examining its input and
output waveforms shown in Fig. 8. The
waveforms labeled Aand B are applied to
inputs A and B, respectively. As is shown,
the output is low if either A or B, or both,
is high. Only when both A and B are low
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FIG.16-BY WIRING NANDor NOR gates as shown
here, they can be used as simple inverters.

FIG. 15-MORE COMPLEX GATES can be bu ilt
using simple inverters. Here fou r inverters are
configured as a four-input NOR gate.

:: )D--o OUTPUT

8

For exa mple. it is possible to combine
gates to form other gates. That fact can be
quite hand y when you have designs that
use only a few ga tes on a multip le-ga te Ie.
Inverters , for instance , are often packaged
six to an IC , while NAND and NOR gates
come packaged four to an Ie. Now, if we
need a two input NOR gate, and there is a
hex inverte r in the circuit that has two
unused sections , then we can fashion our
NOR ga te fro m tho se unu sed inverters,
thereby avoiding the need to use anothe r
Ie.

Figure 15 shows a four-input NOR gate
fashioned by wiring together the outputs
offour open-co llector inverters . A pull-up
resistor is needed between the wired-OR
output and the power supply. If anyone of
the inverter outputs is low, then the output
terminal of the gate will be low also . Since
the inverter output is l ow if the corre
sponding input is high . we know that a
high on any one input will make the out
put low, and all four inputs must be low for
the output to be high . Looking back at our
discussion of the NOR gate, we find that
the circuit we 've built -functions exactly
like that gate .

The use of wired-ORoutputs to form an
N-input NOR ga te is nor mally limited to
cases where extra inverters already exist
in the circuit.

A B OUTPUT
0 0 1
0 1 1
1 0 1
1 1 0

A-D---rn-
: I I I I I I

B~I II I I
I I I I I I
I I I I I I
I I I I I I I

LrOUTPUT

ABO ~O ~OUT

R

c

b

FIG. 11-THE EQUIVALENT CIRCUIT of a NAND
gate is shown in b . Note that the output is low
only when both inp uts are high. That operation
Is confirmed by looking at the truth table for that
device.

FIG. 14-IN THE EXCLUSIVE-OR, the output is
high only when either input, but not both, are
high .

c
FIG. 13-THE EXCLUSIVE-OR GATE. The sche
matic symbol, equivalent circuit, and truth table
for that device are shown here.

Figure 16 shows the opposite case-the
use of more complex gates to form a sim
ple inverter. Again , the purpose in doing
that is to make efficient use of extra gate s
in the circuit. If, for example, you need an
inverter and find that one or more NAND
sections are otherw ise wasted . you can
make the NAND work as an inverter and
thereb y avoid using another Ie.

From NAND gates (Figs . 16-a and l6-b),
we ca n make an inverter by either tying
both input s together or by tying the un
used input permanently high .

Sim ilarl y. a NORgate can also be used
as an inverter. In Fig. lo -c, we see the case
where both input s are tied together. That
case is the same as for NAND gates . Figure
16-d shows an alternate method. Here , we
show one input grounded to form the in
verter. Compare that with the NAND gate
of Fig. 16-b, keep ing in mind the rule s
governing NAND and NOR gates .

The properties of the XOR gate give us
the ability to build a circuit that is eith er an
invertin g or nonin verting buffer, depend
ing upon the setting of a switch. Figure 17
shows such a circuit. Switch S l is con
nected bet ween ground and one input of
the XOR gate . Also connected to the gate
input is a pull -up resis tor to the power
supply. When Sl is open , the resistor will
ensure that the gate input is high . When Sl

continued on page 120
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Simple digital circuits
Digita l logic gates can be more flexible

than they appear at first glance , es pec ially
when two or more are used in a combina
tion circuit. In this section . we will see a
few such circuits .

In the equi valent circuit for a NAND
gate. the two switches that represent the
input s are connec ted in ser ies with eac h
other. and the series pair is in paralle l with
the lamp. Thu s. both switch A and switch
B must be set to I for the output to be 0.

The EXCLUSIVE-OR (XOR) gate
The EXCLUSIVE-OR (XOR) gate is a like

an OR gate in that it wi ll produce a high
output if either input A or input Bare
high . It differs in that it will not produce a
high outp ut if both input s are high . Figure
13-a shows the circu it symbol for the XOR.
Fig . l3-b shows the equi valent circuit . and
Fig. l3- c shows the truth table . Figure 14
shows the input /output waveforms for that
device .

In opera tion. a high on either input will
produce a high output , but if either both
inputs are high, or both are low. then the
output is low.

FIG. 12-THE INPUT AND OUTPUT waveforms
for a NAND gate. Note, once again , that the output
is IDW only when both inputs are high.
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Are you still using your scanner's built-in antenna? Build one of these custom antennas and pull
in those weak signals you've been missing!

LOREN FREBURG

Part 2 WHEN WE LEFT YOU

last time, we were dis
cussi ng the extended double-Zepp elin an
tenna. As mentioned then , the antenna is
made of 3f4-inch tubing , as shown in Fig.
8, which allows the feedline to be run
down the center where it cannot affect the
antenna's performance .

The center (phasing) stub is made from
brass brazing rods; 31i6-inch diameter for a
VHF-low, and Yi6 inch for the VHF-high
or UHF bands. Calc ulate the length of
eac h section using Fig . 9 as a guide . Then
correct the length for the diameter of the
material used in each section accor ding to

Table 3. The calc ulation for the stub
length must include the length of the leads
on the transformer, see Fig . 10, which
should be cut as short as possible.

If the antenna is intended for the VHF
low band, 30-50 MHz, each element will
be from 12- to 20-fee t long . That means
that you' ll need more than one length of
tubing. Use two sizes, maybe 3/4 and Vs
inch diameters, so that one fits inside the
other. Use the larger size for the portions
nearest the feedline connection . Cut two
one-inch long slots lengthwise on the out
side end of larger tube, and insert the
smaller one . Use a hose clamp to hold
them together.

Drill two 3J32-inch holes in each element

to mount the antenna on the mast and hold
the phasing stub: one Y4-inch from the end
and the other about 4-6 inches from the
end . Bend the brazing rod to form the
stub. That' s eas ily done by temporari ly
insert ing the bolts into the tubing and then
bending the rods around them . Cut to the
final length after forming the bends .

Mount the antenna and phasing stub
near the top of the mast (see Fig. 8) with
No. 10 machine screws and washers . Run
the coaxial feedline, preferably RG-8/M ,
through the lower tubing before inserting
the screws . The RG -58 /U has higher
losses, but wi ll fit easi ly. (If you've
chosen RG-8/U, either solid or foamed
dielectric , there's wi II not be enough

~
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space for the mac hine screws and the
larger cable.) Sec ure the tubing to the
mast with U-bolts .

Although not necessary, the phasi ng
stub may be bent into a semicircle around
the mast. 111at streamlines the appearance
and reduces the stress slightly beca use the
stub does not have to support as much
feed line . That's particul arly advantageo us
for the VHF low-band antenna. Solder the
transformer leads to the end of the phasing
stub, and connec t it to the coax ial cable

-

FIG.1Q-EXTENDEDDOUBLE-ZEPP with balun transformer con nected ; the transformer leads should
be cut as short as possible.

'J)

J
Z
J
I:

J
lJ
...J
lJ
:)
:5«
I:

~8

FIG. 8-CENTER OF THE extended double-Zepp
antenna . Note the orientation of the balun trans
former and phase reversa l stub.

T

L LENGTH=~ ---.l t7Jt
[ ' f

FIG. 9-EXTENDED DOUBLE-ZEPP. Calcu late
the length of the elements as shown.

with the appropria te connector.
The mast material must be a non-con

du ct or. Woo d that has been wea ther
proofed with two coats of varnis h or poly
urethane is a good cho ice. Shorter anten 
nas for UHF or VHF-hig h band are easi ly
supported on 2 X 2-inch lum ber, but for
VHF low, use a 2 x 4 or even a 4 x 4,
depending on the height the mast will be .
Before raising the mast , cover all the elec
trical connec tions with silicone rubber ce
ment to prevent oxidat ion.

The upper element of the extended dou 
ble-Zepp does not have to be made of
tubing since there 's no coaxial cable to
shield. For UHF and VHF high band , you
may prefer to use brazing rods , very sma ll
diameter tubing, or even heavy-gauge
copper wire for sma lle r sec tio ns. The
lower ele ment is , of course , all tubing .
The very top of the upper element is an 8Y~

-foot fiberg lass, CB whip antenna .
The whip antenna is bolted to a metal

cap, which is then bolted to a lower 5Y~

foot aluminum tubing . That reduces both
wind resistance and weight for this tall ,
effective antenna . The total leng th of the
antenna will be abou t 14 feet.

Coaxial-co lli near antenna
This antenna is a modification of the

stacked-dipo le . It is made of coax ial cable

and all the elements lie on the same line,
hence the name , coaxial-collinear. (Refer
to Fig. 11. ) One side of the dipole is the
center conduc tor of the coax ial cable and
the other side is the outside braidin g as
shown in Fig. II -a . The feedline is con
nected to the center of a half-wave dipole .
Figure ll -b shows the dipole folded on
itself and Fig. ll-c is the folded dipole
with the center conductor extended.

Add it io na l hal f-wave sec t io ns a re
stacked on with the center conductor of
eac h sec tio n co nnec ted to the outside
braid of the next as shown in Fig. ll-d .
The braid acts as a shield, prevent ing a
signa l from reaching the center conductor.

The results is that every other half-wave
section is exposed to the inco ming signal
and the induced curre nt is in phase , thus
providing gain. The configuration at the
top of the antenna array makes each leg of
the series of dipoles equal in length. The
feedline is therefore connected at the very
center, where the impedance is lowest and
comes closest to matching the feedline.

The basic des ign can be modified for
more or less gai n. Eight half-wave sec
tions provide abo ut a 6-dB gain over a
simp le dipole , and sixteen sections give
about a 9-dB gain . Beca use of its length ,
the des ign is mos t appl icable for VHF
high-band and UHF signals.
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FIG. 11-COAXIAL-COLLINEAR antenna made
from coaxial cable : a is a basic dipole; b shows
the dipole folded on itself; in c, the center con
ductor is extended , and d shows two stacked
coaxial sections.

f = FREQUENCY IN MHz
LEN GTH IN FEET

polypropy lene clot hes line is fine. The guy
wires don 't have to go to the very top
because at least 5 feet will be self-support
ing even in extremely high wind.

Which antenna is best?
The three different anten nas described

varying in size, complexity, performance,
and appea ra nce. Begin design ing your
antenna by choos ing the type that best
suits your needs. In making your deci
sion, you must consider all the variables.
You can be assured that any choice made
is an improvement over your monitor's
built-in antenna system .

First, pick the band for which the anten 
na will be used . If you are lucky, all fre
quenc ies used by your local services will
be in one band, and close together in
frequency. Use Table I to help make that
selection .

Often you will be interested in frequen
cies in all three bands; therefore you must
decide whic h is most impo rtant to you.
That choice should not be too painful.
Your new antenna will probably outper- s:
form the built -in one on all frequencies ?<
solely because it is mounted higher and iD
away from interfe ring objec ts . ~

1/16'~ r(l~~~:~:ULATIO N
IDIELECTRld'-I1- {'

I~------'(
-l 1-- 1/4"

(CENTER CDNDUCTOR)

FIG.13-PREPARE THE COAXIAL cable sections
by str ipping off some insulation and peeling
back the braided sheilding.

FIG. 12-COAXIAL·COLLINEAR antenna dimen
sions are shown here. Note that the center con
ductor of each >../4 section is connected to the
braid of the next.

After de termining the dim ensions. be
gin by prepar ing one end of your coax ial
cabl e as shown in Fig . 13. Do not cut to
length until after the end is properly pre
pared . That way, if you make a mistake
you lose only an inch or so rather than the
entire section. Do the same for each of the
eight sections , preparing one end and then
cutting to length . (By the time you return
to complete the other end of each section
you' ll be an expert!)

Prepare the coax ial cable by stripping
away some of the insulation acco rding to
Fig. 13; a tubing cutter or knife work well,
but be careful if you use a knife. It is a
good idea to tin the copper braid before
joining the sec tions, but be careful not to
overheat the polyeth ylene core . If the core
melts, it run s over the braid making fur
ther soldering almost impossible.

If you use high-quality coaxial cab le
with a clos ed bra id, you will not experi 
ence the difficulty of molten plastic ooz
ing through the spaces. as you would with
the cheaper stuff.

After prep aring the individu al sec tions,
begin connec ting them (see Fig. 14). Note
that at the joint, the cent er conductor of
each sec tion is joined with the shielding of
the next. Be careful that you leave no
frayed ends of braid that mig ht short the
joi nt. The best way to handl e that is to lay
the center conduc tor of one sec tion on the
braid of the next and wrap the braid end
around the join t as shown in Fig. 14 .

Sea l each joint with silico n rubber ce
ment and wrap it secure ly with electrical
tape to protect it from moist ure and make
it stronger. Slide the completed antenna
into a length of heavy-walled (Schedule
40) PVC plastic tub ing about V4 inch in
dia meter. The thicker RG-8/U coax ial
will eas ily slide throu gh the tubin g. But
the lighter RG-5 8/U need s some help: For
support, use a small nylon cord about Vs
inch in diameter cut a foot longer than the
antenna . Tie knots in the cord every foot
or so and tape to your antenna, starting at
the bottom .

Put the tape on the top side of the knot
to prevent it from slipping when the entire
assembl y is in position . Slide the cord
through the PVC tubin g and pull the as
sembly through using the cord for sup
port . With the antenna inside the tubing,
there will be abo ut a foot of nylon cord
protrudi ng from the top. Tie a large knot
an inch beyond the end of the top wire
section and then cap the end of the tubing,
with the knot ju st outside .

If the cap fits too tightly, file a notch on
the outside of the tubing to acco mmodate
the cord. Glue the cap in place and dab a
little glue on the knot so it won't come
loose . Your anten na is now ready to be
taken to its final location .

Depen din g on the ante nna's length ,
you may want to brace it with lumber. And
if it is exce ptionally long , you may have to
use guy wires as well. Non-stre tching

I

DIPDLE
FOLDED

b

EXTENSIDN BECOMES
BR AID AND
PRDCESS
IS REPEATED

BASIC DIPO LE

CENTER EXTENDED

FEED LINE

BRAID

The coax ial cable used should have a
50 -o hm im pe da nce wi th a so lid di
electric. (RF travels slower in solid poly
ethylene, thus the antenna can be made
sho rter.) Use either RG-8/U or RG-58/U.
The RG-8/U is heavier and stiffe r, but has
lower losses. The RG-58/U is easier to
solder with a small so lderi ng iron.

The single most important requirement
for a good coax ial-co llinear antenna is
patien ce . The work is not difficult , but it
can be tim e consuming , especially if
you ' re not comfortable with coaxial ca
ble . Conce ntrate on only one jo int at a
time . Be careful when connect ing the sec
tions; an accidental short circuit can turn
your ca refully engi neered ante nna into
just a random length of wire.

Calcul ate the lengths of the sections
according to Fig . 12. Then correct for the
velocity factor of the coaxial cable you're
usin g. usu all y 0 .66 for the so lid di
electric . For example, a half-wave section
designed for 155 MHz:

'A = 984/115 = 6 .348 feet
'A/2 = 6.348/2 = 3.174 feet
3.174 x 0 .66 = 2. 094 feet
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TABLE 4
ANTENNA SELECTION GUIDE

Extended
Band Ground Plane Double-Zepp Coaxial-Collinear

VHF-low Shortest antenna Fairly tall Excessive length
Radia ls may need suppo rt but no radials

Good Choice

VHF-high
Short Reasonable length Highest gain

Easy construction Neat installation Neat installation
Good choice

UHF
Tiny Small size is Highest gain

Easy construction difficult to build Neat installation
Good choice

Installation
For optimum performance , an antenna

should be positioned high and in the open .
Remember that reception is best when the
antenna is within the line of sight of the
transmitting antenna. Don' t pick a loca
tion that is hazardous to get to , and never

After choosing the band, consider how
the antenna will look, where it will be
located , and is there enough room for the
radials: will the coaxial-collinear be too
tall": do you really need a lot of gain'?
Table 4 is provided to help with that deci
sion. With that out of the way, go the
section that describes the antenna and be
gin building it. Be sure to follow all in
structions carefully.

FIG. 14-FINISHED JOINT: Note that the center conductor is placed on the braid and braid ends
wrapped around to secure conductor in place before soldering.

place an antenna near any electrical line
before , during, or after installation . And
do not mount near metal objects .

Other than the obvious shock hazards
presented by power and telephone lines,
nearb y ' metal objec ts can change the
effective inductance of the antenna and,
thereby, reduce its performance. Also,
before installation, ask yourself: " If the
antenna falls or is blown down during a
storm. where will it land?" It might also
be a good idea to ask: " If I fall during
installation. where will I land?"

Try to pick a location where you' ll need
only the minimum amount of feedline. In
other words, don ' t place the antenna 200
feet awayfrom the receiver's location sim
ply to gain 10 feet in height. The height
advantage will be overshadowed by addi-

(j) tional losses due to the extra feedline.
~ Also try to keep as much of the feedline
6 .vert ical as possible.
g: Use coaxial cable to connect the anten-
~ na to your monitor. It is rugged , flexible,
u:J and the shielding allows you to place it in
6 any convenient location. Running the ca
o ble along metal gutters will have no effect.«a: Coaxial cable is available in a wide variety

of sizes and effici encie s, with corre
sponding costs. Pick one that has a nomi
nal 50-ohm impedance.

An import ant difference between ca
bles is the structure of the dielectric mate
rial. If it's foamed it will have signifi
cantly less loss at radio frequencies than
the solid core . RG-58/U, about Y4 inch in
diameter, with a foamed-dielectric is an
excellent cable for our purposes. Try to
avoid RG-8/U. It is larger in diameter, less
flexible, and costs more.

If you can find RG-8/M (miniature
RG-8/U) it is also a good choice. It's only
slightly thicker than RG-58/U and ex
hibits a good balance of flexibility and low
loss at a reasonable cost. Remember when
choosing your cable that signal loss in
creases with fre que ncy and feedline
length . For long runs at high frequencies,
it is an excellent idea to use the best cable
that you can afford. You'll also need a
Mo to ro la - type plug to co nnect th e
feedline to your scanner.

The simplest place to bring the feedline
into the house is usually in the vicinity of a
window. Drill a small hole through a non
movable part that can be easily patched

later if necessary. The window frame, top
or bottom is best for that. Some houses
allow easy access through a basement vent
and then up through the floor.

When running coaxial cable , avoid
sharp bends and be certain that the exter
nal connections are weather sealed. The
foamed-dielectric cable in particular can
absorb moisture , which increases feedline
losses. And don't feel obligated to keep
the antenna in the orig ina l location
chosen.'Sometimes raising or lowering it
a fewfeet. or moving it sideways can make
a big difference.

There are often unpredictable influ 
ences in the area, like power, telephone,
or cable TV lines and maybe even your
own rain gutters. Regardless of how good
your antenna is, there will always be dis
tant, weaker signals barely audible over
the noise . The position of the antenna may
make a big difference .

As a final thought. consider turning the
disadvantage of a closely placed metal
downspout or TV-antenna mast to an ad
vantage . If either is spaced " /4 from your
antenna and parallel to it, it can function
as a reflector. That provides less gain in
the direction of the reflector, but more
gain in the opposite direction. If you live
on the far side of town, that may be exactly
what you need . R-E

"I understand that vou're the only TV
service man ill the area who still charges
$10.00 all hour."
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HOBBY
CORNER
Power-surge protection, and more!

A SURGE ON THE AC POWER LIN E CAN

cause yo u all kinds of problems.
Don Maxwell (OK) has had a cou
pl e of line-voltage monitor s blown
by surges induced in th e lin e dur
in g electrica l sto rms . R. Fortie r
(Ont) ju st wants to prot ect hi s
equipme nt f rom " no rmal" surges
caused by power company switch
in g or by an industri al user.

We ll, fe llows, one of the easiest
ways to protect your eq ui pment
from most varieties of power-lin e
surges is to install an MOV (Metal
Oxid e Varisto r) o r two .

A MOV is a sma ll co mpo nent
that loo ks like a fat disc capacito r.
It is inexpen sive and yo u can get
one fro m many sources, incl uding
Radio Shack.

The MOV is co nnected across
th e AC lin e and simply sho rts to
ground th e spikes that exceed th e
rat ed vo ltage . Of co u rse, yo u
co uld in stall an M OV in each piece
of equipment , or in an out let box or
strip, to protect all the equipment.

That 's it, fe llows- nothing co uld
be simpler. And , Don , good luck
w it h th ose sto rms !

Headphone ada pter
Bob Tho rsen (CT) sent in a ci r

cui t fo r in stalling a headpho ne
jack on yo ur radio or TV. That is a
handy feat ure to add to any radio ,
TV, or recor d player, and it can be
used to connect an addit io na l
speaker as well as a headphon e.

W ith a couple of mi nor changes,
Bob 's hook-up is shown in Fig.1. In
Fig. 1-a, one of t he leads to the
built-in speaker is broken . Figure
1-b shows a 2-co nd ucto r, sing le

INPUT{J I . _ -~
0>--- ---'-6~

~: tty
$ 1

6
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FIG.1

closed ci rcu it jack; th e numbered
po ints shown in the f igure are con 
nect ed t o th e like numb ered
points in Fig .1-a. Note th at po ints1
and 3 are di sconnected w hen the
pho ne p lug is in ser ted into t he
jack. No rmally, that wo uld mean
t hat no sound co mes f ro m t he
speake r w he n usin g th e h ead
ph on es. By ad d i ng t he SPST
sw itc h, it is possibl e to choose be
tween routing t he sig na l to th e
headph on es only or to both th e
headpho ne s and speaker at t he
same time. Do not w i re that switc h
any ot he r way or you may end up
w it h eit he r a sho rt across th e am
pli f ier o r no load on the amplif ier.
Eith er o r both cond itions can be

fatal to some amp lifiers.
If yo u want so und fro m th e

speaker w hether th e ph one s are
plugged in o r not , j ust wire an
ope n-ci rcuit jack as shown in Fig.
1-c.

Questions without answers
I wi sh it were possib le to answer

everyone of your question s. Un 
fortunately, t hat cann ot be don e
because t ime just w ill not permit it
(to say nothi ng of th e fact th at the
answers to some to them cannot
be fo und ).

Don 't let th at sto p yo u from
send ing your question s. We w ill
get to as many of them as we can.
There are a co up le of ty pes of
questi on s, however, th at get put
aside as soon as th ey come in . To
save you t ime, here are two exam
ples of questions that will not o r
can not be answered.

We won 't kno w ing ly tell yo u
how to get yo urself in trou b le .
That 's w hy one reader d id not get a
ci rcu i t to sho c k anyo ne w ho
tou ched his car and anot her did
not f ind out how to increase the
power of a CB t ransmitter. For the
same reason, we just set aside a
letter from a gent leman in NY w ho
wanted a device to disrupt the re
ception of his neighbor's too- loud
TV.

Second ly, you know, of course,
that specia l circuits can't be de
sig ne d to yo u r spec if icatio ns .
M ost of yo u are very un derstand
ing about this restricti on and we
appreciate it. But som e are not.

Fo r instance, there is a fe llow in
PA w ho has be com e i nsi st ent
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CALL NOW
AND

RESERVE

YOUR SPACE

• 6 x rate $650 per each insertion.
• Reaches 225,016 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset ana layout the ad at not

additional charge.

Call 212-7n-6400 to reserve space.
Ask for Arline Fishman . Limited num
ber of pages availab le. Mail materials
to : min i-ADS. RADIO-ELECTRONICS.
200 Park Ave. South. New York . NY
10003.

ELECTRO IMPORTING CO. CATALOG.
This reprint of the historic 176-page catalog

. No. 20 gives you an accurate look at the stale
of electronics in 1918. Contains every1hing
from a Zinc Spark Gap to a 1OOO-Mile Receiv
ing Outfit. You can get your own copy of this
modern antique, profusely illustrated, for only
$4.95 plus $1.00 P&H. Order yours from R-E
BOOKSTORE, Radio-Electronics, 200
Park Avenue South, New York, NY 10003.

REAL WORLD CONTROUMON ITOR from
your personal computer. 16 digital inputs, 16
digital outputs, 8 channel A to D converters
with on-board kelvin to fahrenheit converters,
enable/disable selectable per channel, al
lows direct use of temperature sensors.
Comes complete with software. $249.95 for
most P.C.'s LOGICAL TECHNOLOG IES
INC. 313-522-2385 30591 Sc hoolcraft,
Livonia, MI. 48150

CIRCLE 273 ON FREE INFORMATION CARD

ZENITH SSAVI DESCRAMBLERS on ly
$169; GATED PULSE & SINEWAVE de
coders $199 each. Original equipment for
UHF chs. 23,27,31 ,51,54,57,68, etc. Quantity
discounts. Surplus Cable TV equipment: Jer
rold S8-3, Oak N-12, Zenith Z-Tac, Hamlin
1400, etc. Complete Satellite Systems at
$845 and up; Installation and program gUide,
$3. Dealers welcomed . Catalog $1. Visa!
MasterCard . Satisfaction guaranteed. AIS
SATELLITE, P.O. Box 1226-E, Dublin, PA
18917.1-800-643-2001 or 215-249-9411.

CIRCLE 263 ON FREE INFORMATION CARD

THE VIDEO SIMULCASTER REBROAD 
CASTS ANY TV SOUND TRACK ONTO FM
RADIO! Use with home stereo system for
dramatic, high fidelity TV sound. Perfect for
rock videos, sports games, etc. High & low
level input sensitivity will rebroadcast a VCR,
record player, tape deck , etc. 300' range
covers entire home. Easy to build kit only
$29 .95. Tax included . FREE SHIPPING .
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507

CIRCLE 272 ON FREE INFORMATION CARD
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abo ut a circu it des ign using the
components he has on hand . Such
service is not available here! We
suggest that you study until you
can design it yourself.

Crossed signals
c. w. Sturgeon (NY) has bui lt a

mult ipl e-inp ut device that co n
tro ls several relays. W hen indivi d
ua l sect ions are tested, they
funct ion perfectly. A problem
shows up w hen the several sec
tions are connected . In that event,
there is interaction between the
sections, which, in turn, causes
some unforeseen and undesirable
conseq uences.

O n the basis of the information
sent by CW, he has a classic case of
stray signa l paths . I won 't try to
show you CW's entire complex cir
cuit, but w ill instead demonstrate
the problem and solution w ith a
simple examp le.

FIG.2

Suppose you have two LED's, la
be led A and B in Fig. 2-a, con 
tro lled ind ividually by momentary
switches 51 and 52. Now, you want
to add a th ird switch to light both
LED's.en

o You might be tempted to wire 53
~ as shown in Fig. 2-b. If you did so,
g: however, all three switches would
frl light both LED's. Trace the signal
u:J pat hs and you wi II see the iriterac
o t ions . That certa in ly makes t he deo
<X: vice worth less but yo u can savethe
a: day.
102 The signal paths can be isolated



CALIFORNIA-DC REGULATED SWITCH
ING POWER SUPPLY + 5v de @ 5 amp +
12v dc @2 .8amp + 12v de @2 amp - 12v de
(a .5 amp 11 5-230v ac input, fused. EMI fil
tered. Removable DC Power Harness and
Schematics included. 7.4" x 6.2" x 1.7" ht.
Visa/MC/M.O.lcheck; when clears. $37.50
ea. (F ree sh ippi ng in U.S .) 1-800
327-7182 /305 -830 -8886 . POWER PLUS,
130 Baywood Ave., Longwood, FI. 32750.
(Call for quantity price).

CIRCLE 125 ON FREE INFORMATION CARD

SUBSCRIPTION TV MANUAL. This infor
mation packed book details the methods
used by subscription TV co mpanies to
scramble and des crambl e video signals.
Covers the Sinewave, Gated Pulse, SSAVI'
system, and the methods used by most cable
companies. Includes circuit schematics, the
ory, and trouble shooting hints. Only $12.95
plus $2.00 fi rst class P&H. ELEPHANT
ELECTRONICS INC., (fo rmall y Random
Access) Box 41770-R, Phoenix, AZ 85080.

CIRCLE 120 ON FREE INFORMATION CARD

SCRAMBLING

TECHNIQUES

VIDEO

THE MOST EXCITING KIT YOUWILL EVER
BUILD The model WAT-50 miniature FM
transmitter uses a 4-stage circuit NOT to be
confused with a simple wireless microphone.
Up to 1mile range. So sensitive, it will pick-up
a whisper 50 feet away! Use with any FM
radio . Complete kit only $29.95 tax inc!.
FREESHIPPING. DECO INDUSTRIES, Box
607, Bedford Hills, NY 10507.

CIRCLE 266 ON FREE INFORMATION CARD

GALAXY ELECTRONICS, INC. the leader
in microwave announces the new dual-po
larity, multi-channel, wide-band micro
wave TV tuner. Tunes entire 800 MHZ from
1.9 to 2.7 GHZ. Receive sports, education,
religious, news, movie programming, & more
is being added to this frequency spectrum
almost on a daily basis in most major cities.
Complete systems from $69.95. GALAXY
ELECTRONICS, INC. , 5644 North 53rd
Avenue, Glendale, AZ 85301.602-247-1151.

CIRCLE 252 ON FREE INFORMATION CA RD

SATELLITE TEL EV ISION RECEIVER
SEMIKIT with dual conversion downcon
verter. Features infrared remote control tun
ing, AFC, SAW filter, RF or video output,
stereo output, Polorator controls, LED chan
nel & tuning indicators. Install six factory as
sembled circuit boards to complete. Semikit
$400.00. Completed downconverter add
$100. Completed receiver and downcon
verter add $150. JAMES WALTER SATEL
LITE RECEIVER, 2697 Nicke l, San Pablo,
CA 94806. Tel 415-724-0587.
CIRCLE 124 ON FREE INFORMATION CARD

APPLIANCE REPAIR HANDBOOKS-13
volumes by serv ice expe rts, easy-to
understand diagrams, illustrations. For major
appliances (air conditioners, refrigerators,
washers, dryers, microwaves, etc.), elec.
housewares, perso nal-care appliances .
Basics of solid state, setting up shop, test
instruments. $2.65 to $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Box
789, Lombard. IL 60148.1-(312) 932-9550.

CIRCLE 84 ON FREE INFORMATION CARD

,
INDUSTRY'S MOST VERSATILE CHASSIS
MOUNT. Lightweight , Aluminum , Portabl e,
bench top Chassis Mount with features and
advantages never before available. Twomod
els, either self-centering heads or scissor
clamps, 100 lb load capacity and width up to
18", 360 degree rotation and pivot center
height of 9". Only $199.95. See your dealer or
contact: PANAVISE PRODUCTS INC., 2850
East 29th Street, Long Beach , CA 90806
(213)595-7621

CIRCLE 253 ON FREE INFORM ATION CARD
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THERMOPROBE-QUICKLY IDENTIFIES
DEAD PC BOARD COMPONENTS. Locates
dead resistors, transistors, IC's, diodes, and
transformers without direct contact, in sec
onds. Operating active components radiate
heat,dead components don't. Thermoprobe
is sensitive to V25°F change in temperature. A
must for your workbench or field service.
Order # 209TM. ONLY$21.95 + $3.00 ship
ping. NY Res. add tax. BUYUS, INC., Dept.
RE124, 10 White Bir ch Dr., Oss ining, NY
10562. VISA or MA STERCARD (914)
762-4799.

CIRCLE 53 ON FREE INFORMATION CARD

FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 2000 quali
ty items. Your .single source for precision
tools used by electronic technicians, engine
ers, instrument mechanics, schools, labora
tories and government agencies. Also con
tains Jensen's line of more than 40 tool kits.
Send for your-free copy today ! JENSEN
TOOLS INC., 7815 46th St., Phoenix, AZ
85040. (602) 968-6231.

CIRCLE 115 ON FREE·INFORMATION CARD
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R1 by t rial and erro r or by calcula
tion. To do th e latter, measure th e
clock current when using a bat
tery; subt ract 1.5 from the supp ly
volta ge t o d etermin e V (th e
amount of voltage to be dropped
across th e resistor), and th en , use
th e R = VI I formula to determine
the resistance necessary to get th e
supp ly vo ltage down to th e 1.5
vol ts th at is required .

Bu t , I sugges t that yo u not
change th e clock so that you can't
go back to a batt ery supply w hen,
as is bound to happen , yo u get
t ired of resetting it. R-E

FIG.3
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AC li ne . Wh en pu rch asin g o r
building, each of us has to make
t he power-source dec isio n consid 
ering relative costs, co nvenie nce,
and ot he r factor s.

Walte r Q uick (FL) wants to build
a 1.5-volt AC-powered DC supply
to put into a battery-oper ated
clock.

Well , Walt er, I really can't under
stand wh y yo u want to change a
cordless clo ck into one ti ed to th e
AC line. Of course, yo u wouldn 't
have to replace a batt ery every year
or so , but, on th e othe r hand , your
clock would stop with each power
outage.

But, if you really want to do that ,
ju st bu ild a re gula r half-wave
power supply using th e ph ysicall y
sma l les t comp on en t s yo u can
find . Lackin g a t ransforme r w it h a
lower outpu t , use o ne-half of a
cente r-tapped 6.3-vo lt AC f i lament
tran sform er. Probabl y, yo u will
have to use a voltage divide r o r a
dropping resistor to get down to
1.5 vo lts. The final resul t w ill look
li ke the ci rcu it in Fig. 3.

You can determ in e the value of

CIRCLE 57 ON FREE INFORMATION CARD

AC-powered clock
It is much more conveni ent to

ha ve so me ty pes of d evi ces
powered by batteries th an by the

wi th two di od es w ired as show n in
Fig. 2-c. Again , trace th e sig nal
paths to understand how and w hy
it works.

Let 's lo o k at ho w th e ci rcu it
works together. When switc h S3 is
pressed, diodes D1 and D2 perm it
cu rr en t t o flow th rou gh b o th
LED's. Wh en sw itch S1 is pressed ,
current flows through LED1 but d i
ode D1 prevents current from flow
ing through LED2. When sw itc h S2
is pressed , current f lows through
LED2 but d iode D2 prevents cur
rent from flowin g through LED1 .

Thu s, the device fun ctions prop
er ly : You can light on e LED or th e
other or both. The swi tch es do not
int eract- t hey have b een " iso 
lated " by the diodes.

Now, CW, put some di od es in
your device and cut out th ose stray
signal paths. I suspect t hat yo ur
ci rcu it w i l l wo rk properl y wi t h
them in stalled .

REPLACEMENT FOR

ECO®/OE®/SK®
POPULAR HORIZONTAL OUTPUT
TRIPLERS MIN. 3 PC./TYPE TRANSISTORS

5CM)/~ijlJ4•••••••••• 9.50 MIN. S PC. PER TYPE

525/~ijlg6. . . . . . . . . . 9.95 165.... .. ..... 2.25
526A/GE521 ••••••••• 9.95 258 .. ......... 2.25

~.528/SK3906 ••••• ••• 11.75
285 ........... :2.75

529/~im7.. . . . . . . . . 12.75
556/sK39os.......... 14.95 2SC15OSK .. .. 2.45
557/SK3904• • • • • • • • • • 14.95 2SD1541P .... 2.25
POPULAR AUDIO POWER
DIODES MI~ PC. PER lYPE TRANSISTORS

t 152 ... 30(: 1-125 1000VI2.5A •••••••• 7(: ea. 153 •.. 30(:
156 1000V/3.0A •••••••• 18(: ea. 196 ..• 49(:

177 FAST SW./DET. • • • • • • 9(: ea. 197 ..• 59(:

506 ~:~PREE~O~~~.L.·••• • 29(: ea.
291 • • • 49(: MIN. 10 PC.
292 . •. 49(: PERlYPE

SE5020 55(: ea. 712/LA1565 75(: ea. .,
RF/IF OSSCILATOR. MIN. 10 PC. TVSound/IF/FM/Det . Mln .10 Pc.

SPECIAL OF THE MONTH
152 .. . 25(: M IN .10 pc.

SPECTACULAR SAVI
ON REPLACEMENT FOR ECC@TYPES MIN.10 pc. PER lYPE

85 .. . . .... . .21 150 • •• . ••..59 171 .... ... .49 191 .. ... .. .65
102A .. . ... .55 154 . ....... .75 184 ...... ..58 198 .. ... ...65
108 ...... . .18 157 .... ... .49 185 .. .. .. . .58 199 . .. . .. . .18
121 . . . . . .. 1.20 159... . ......16 186 .. .. .. . .48 254 .. .. ....19
125A • .• .•.•18 160 .... . .. .88 187 . . .. .. . .48 287 .. ......29
125AP.. .. . .15 161 ... ... . .65 188 .. .. .. . .50 288 .. ... . ...29
128 . .. . .. . .58 162 . . . .. .. 2.25 189 ....... .50 575 ..... ...49
129 .. . .. . . .58 165A . •• . • • 2.!15 190 .. . .. ...59 576 .. .. .. ; .55

598 ...... . .59
FOR A COMPLETE LISTCALLORWRITE-C.O.D. Orders Welcome (Min. Order $25)

DIGITRON ELECTRONICS
110 HILLSIDE AVENUE, SPRINGFIELD, NEW JERSEY07081

TOil Free 800"526-4928 In NJ 201'579-9016 Telex 138441
PRICES SUBJECT TOCHANGE WITHOUT NOTICE. OFFER GOOD WHILE SUPPLY LASTS.

ECG Is a Trade Mark of Philips ECG.
Dlgltron Electronics Is not associated In any wayWIth Philips ECG.
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The talking heads

A SURE-FIRE WAY TO TELL WHEN SOME

thi ng has become tren dy is when
yo u fi nd university professors and
profession al semi narians hitting
the lectu re circuit glo rify ing bo th
the virtues and evi ls of t he most
recen t tech no logies . Th e lat est
subject fo r thei r learn ed papers,
d iscourse, and ex pe ns ive sem i-,
nar s is " communicati ons." In the
past few weeks, I've listened to th e
largest col lection of o ld ideas de
scr ibed as " new tec hnology" that
one can imagi ne !

One expe rt , fo r example, dwelt
at length on the " new di rect io ns"
created by a TV networ k's recent
th ree- w ay sate llite h o o kup so
t hree pol iti cal pund its co uld dis
cu ss th e latest developments in yet
another thi rd -world con fli ct. And
what was so spectacular abo ut the
progr am ? A sate l l ite rel ay trans
mission that pe rmitted each ana
lyst to see t he ot hers o n a TV
moni tor. (For this we need a semi
nar?)

Many years ago , the legendary
Edward R. M urrowwrote abo ut the
fi rst live three-way t ransat lantic
b roadcast between the U. S., Eu
rope , and Africa as World War II
unfolded . It was no bi g deal ; sim
ply a straight te lep ho ne interco n
nect that allowed each co mmen
tator to hear the ot hers . The ci rcui t
terminated at t he CBS broadcast
t ransmi tte r.

Here we are some 40-years later,
and what took a real comm unica
tions pro only three paragraphs to
describ e has now become th e sub
ject fo r a half-d ay sem inar. It' s
really th e same o ld thing w ith a
di ff erent "twist;" instead of low-

FIG.1

cost teleph on e ci rcu its we are now
using mult i-m illi on doll ar satellites
to end up with " talking heads"
radio with pi ctures. (Sorry, I wi ll
not buy " talking heads" as state-of
the-art, even if it sells on the lec
ture circuit or packs a commun ica
tions semi nar at $250 a throw.)

H i g h- t ec h n o l o gy serves n o
useful purpose if the best it can do
is to require mega- bucks to on ly
marginally improve somethi ng we
have bee n doing all along at rea
sonable cost and effo rt . To have
value, high- tech must add a new
co ncept to com mun icat ion s; i t
must give us somethi ng im por tant
that was not prev ious ly availab le or

attai nab le. Or it must so sharp ly
reduce the overa ll cost of a serv ice
or product that it becomes gener
ally affordab le.

Let me use somethi ng cal led
Quo Trek as an example . Q uoTrek
is a service that uses a pocket re
ceiver-a hand held receiver ter
mina l-to d ispl ay tradi ng and
instant up dates on selected stocks
and co mmo dit ies. The recei ve r
has a 40-character LED display, and
an alp han um er ic keyboard for se
lect ing the spec if ic stock quotes
desired.

W hile yo u mi ght have no inter
est in the stock market (p refe rring
to do your gamb li ng in Las Vegas),
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ATTENTION
TV TECHNICIANS
Diehl Engineering, the same people who conceived, designed and now
manufactur e Super Tech diagnostic computers for analyzing start up,
shut down, flyback and flyback related circuits, now has something
else that will make your job faste r, easier and much more profitable.

ANEW
PUBLICATION

You might say that our monthly Technician / Shopowner newsletter is
an all out trainin g program for those who are already working in the TV
serv ice industry, as well as for those who soon plan to be doing so.

Each month we take at least one concept, circuit or function and totally
disect it. We then explain every conceivable aspec t in plain and simple
English. When we are finished, you not only understand the operation,
you also understand how the operation, "inter-reacts" with all of the
other circuits that it is related to.

Once every aspect of operation has been explained, we show you how
to break the subject down into sections. Then, show you how to
troubleshoot each section on an individual basis.

Because of the manner in which our pulication is written, the subject
knowledge that is gained in each monthly issue is so broad, that it
" spills over" into your every day troubl eshooting routine.

Our Technician/Shop owner monthly newsletter is 100% devoted to
the TV tec hnician. It conta ins nothing but pertinant information on TV
repair . We do not sell advertising space. Those who subscr ibe, do so
because of its technica l content, which we pledge to be far superior to
anything else that you can obtain.

Each monthly issue (manual) contains up to 68 pages fi lled with
schematics, diagrams and illustrations that relate to the very circuits
that you are seeing today. We do not teach this year's chassis, we
realize that you are seeing sets that are five, ten or even fift een years
01d .

Our newslett er is not a co llection of part numbers that cause specific
problems in speci fic chassis when they fai l. Instead, we explain what
each indiviual component in a given ci rcuit does, what purpose it
serves, and what effect it will have if and when it fails.

Our subscribers can look at any resistor , any capa citor , any diode, any
t ransformer, etc., in any circuit, and know exactly what purpose it
serves. They will know what turns the circuit on, what turns it off , why
and when such act ion occu rs, and what happens if a specific action
does not occ ur.

Our subsc ribers will no longer have to be content to know that R421
causes a parti cular chassis to shut down if it becomes open, they will
know why it does.

Our subscri bers will no longer run around in circ les hoping to stumble
over a " bad" component, they will know exactly what they are looking
for, and - - - how to find it! .

When it comes to troub leshooting color TV sets, we have introduced
more, innovative tec hniques than any other firm in the world (including
manufactu rers).

In case that amuses you, consider this:
Everyone else in the industry is tel ling you to probe here and there in
this chassis, there and somewhere else in another chassis, in hopes of
isolating the actual circuit that has failed. Conventionally, one specif ic
tec hnique that works for one chassis may do nothing but smoke com
ponents in the next.

Yet, while others have been teaching "conventional" techniques
(usually a diff erent one for each chassis), we at Diehl Engineering

designed a computer that will isolate the defective stage in any hi
voltage circuit that employs a horiz output transistor (including Sony).
With our Super Tech computer, you push the same four buttons nc
matter which set you are working on. Any brand, any age any chassis ,
Super Tech will give you an accurate answer.(see ad in March issue.)

We are not implying that those who teach " conventional" techniques
are technically incompetant. Far from it, some of them are brilliant ! We
simply have a new and much easier way of looking at things. Ours is
easier to understand and far more versatile . Because of the manner in
which we present it, the retention level is also higher (according tc
those who are now using our literature).

Any staff that can design a computer that can analyze any hl-voltaqs
circuit (except for those which use a trac e and retrace SCR i.e. RC,A
CTC 40-81) must surely have a thorough knowledge of all circuits
Soon we will release similiar computer s for vertical and audio circuits
another for tuner , IF, AGC, video, blanking, ABL, Chroma, matri x ane
CRT, and sti li another for troubleshooting VCR! '

The point is, we at Diehl engineering understand circuitry. We alse
know how to explian circuit ry in such a way that it is easily understood.

Each month 's issue is printed in the form of a manual. Each manual ls
pre-drilled so that it can be filed in a 3 ring binder for instant reference
(the 3 ring binder is not provided).

The First Issue covers resistors , capacitors, diodes, inductors, tran
sistors , IC chips and time constant circuitry. It explains how each com
ponent works, why it works , why it fails, and how each component
relates to the overall circuit, all in plain and simple, down to earth,
everyday English, without the use of mathmatical formulas . After
reading this issue, you can look at any component in any circuit ane
truly understand what it does, why it does it and what will happen if i
doesn't do it; right down to each individual resistor, capacitor, ane
diode.

The Second Issue covers SCRdriven hi-voltage circuits such as thOSE
used in RCACTC 40-81, Philco, Coronado, Bradford , etc . After reading
this issue, this circuit will become no more complex than simple
amplifier. Over 30 illustrated schematics are used to teach this circui l
in absolute detail. Such things as HV regulator functions, shut dowr
features , etc. are thoroughly explained.

The Third Issue covers RCA LV regulator circuits (CTC85 and up). II
explains how each individual component operates, what it does, wher
it does it and, how to effecti vely troubleshoot the overall c ircuit.

Our no paid advertising policy makes our newsletter a little more ex
pensive, but it also gives us "cover to cover" space for nothing but per·
tinant technical information on TV service. At $9.95 per issue, a twelve
month subsc ription costs only $119.40. Very economical, considerinc
that its technical conterit is equal to a " full blown" study course on 1\
repair. If you wish, you 'may try the first three issues for only $21.0C
Uust seven dollars per issue, a savings of $8.85 off the regular price)

For immediate service on C.O.D., Visa, or Master Charge orders:
Phone (806) 359-1824 or (806) 359-0329.

If you are looking for help- . . we have it!
Diehl Engineering, 600<\ Estacado Lane, Amarillo, Texas 79109.

Circle ( 256 ) on Reader Service Card.





ZORBA
PORTABLE COMPUTER

THE EXPERTS"
CHOICE

FEATURES:

• 9" GREEN OR AM BER CRT

• 19 INDEPENDENT 55 PROGRAM-

MABLE FUNCTION KEYS

• TW O 400 K DSDD DRIVES

• 64K BYT ES 200 NS RA M

• C BASIC COM PILER

• IEEE 4BB BU S MA STER PORT

• 24 .6 LBS

• CPM 2.2 OPERATING SYS TEM

• MBO (LBO, L1BBO, CREFBO)

• SOURCE CODE OF THE BIOS

PL US UT ILITIES

• DAT A COM MUNICATIONS

SETUP PAC KAGE

• SERI AL & PAR ALLEL

PRINTER PORT

• DATA COMM UNICATION PORT

$899.00
W /O Bundle

BUNDLED WITH
WORDSTAR, MAIL MERG, SPELLSTAR,
DATA STAR, REPORTSTAR, CALCSTAR

DEALER INQUIRIES INVITED

OPTIONS:

• 16 BIT 256K RAM UPGRADE

(BOBB CPU) $600.00

• BOOK DSQ D 96TPI DRIVES

$200 .00

• COM POSITE VIDEO OUTPUT

$100.00

• SO FT VINYL CASE $25.00

• TU TOR KIT ; $15.00

(CPM, WORDSTAR, CALCSTAR)

• SCHEMATIC SET $10 .00

• 10MB HARD DISK DRIVE

VISA/MC

$1049.00
Wit h Bund le

CPU Board
Z80A CPU running at 4 Mhz with

no wait states
64K bytes of 200 ns RAM (58K after

CP/M loaded)
16K bytes of EPROM (2732)
can be switched in and out by software
12K available for user EPROMS

8275 CRT controller, DMA driven
1793 Floppy disk controller, SMC data
separator

Bipolar proms configure 10 addresses
Fully structured interrupts prioritized by
bipolar proms

Interfaces
• Full asynchronous RS232 port with

modem control. Baud rates and data
translation and protocol programmable

• Full asynchronous full duplex RS232
port with hardware handshake (for
printers). Baud rates and protocol
programmable. (Serial Printer Port)

• One 8 Bit parallel port with indepen
dent strobe and ready lines. Supports
Centronics interface with an available
adaptor cable.

• IEEE 488 Bus Master Port (ie: General
Pi.rpose Instrumentation Bus) not Soft
ware Supported.

• 21 Standard Software Programmable
Baud Rates: 45.5 to 19,200 BPS

Specifications
General Mechan ical
and Electrical
Width -17.5 inches (44.45 cm)
Height - 9.0 inches (22.86 cm)
Depth -16.0 inches (40.64 cm)
Weight ·24.6 pounds (11.1 Kg)
Power -80-130 VAC or 190-245 VAC

50/60 Hz
170 watts max

D isplay
Display lube:

9" diagonal, Green or Amber
High resolution display circuit ry
60 Hz refresh rate

Display Format:
25 lines x 80 columns
5x7 Character Font with full descenders
128 ASCII Characters
8x9 32 Characters Graphic Font
2K Memory Mapped Display Buffer

.. : .. JlJ!U~...
130 Baywood Avenue, Longwood, Florida 32750
305-B30 -BBB6 BOO-327-7182

WD1793
5.25 Double Sided,
Double Density, 400K
48 TPI

Built-in disk interchange formats: Xerox
820 (SO, DO), Kaycomp (DO), DEC
VT-180 (SO), Osborne (SO) and IBM-PC
(eg. CPM/86) and Televideo 802
(ReadlWrite and Format compatibility)
(Expandable to 61 Formats)

Keyboard
Keyboard communicatesseriallywith CPU
Detachable with 2 foot coiled cord
95 keys in standard QWERTY format
13 Key Numeric pad
Independent Caps Lock and Shift Lock
55 Software programmable function keys
All keys auto-repeat after 1 second delay
All Standard cursor and terminal control
keys

Di s k system
Controller:
Drives:

The ZORBA users manual covers opera
tion of the unit , all suppllied software and
all interface and internal information. A
system diskette is supplied with all
system files and utilities . A second
diskette contains the sources for all ZOR
BA software including-BIOS, SETUP,
FORMAT, and PATCH.

ZORBA uses CP/M, the industry standard
operating system, which means that a
wide range of existing software is readily
available to the user.

General S pecif ications
ZORBA is the lowest cost full featured
portable computer. This light weight com
puter is ruggedly packaged in a conve
nient carrying case. The case surrounds
a strong inner chassis which further pro
tects the Z80A based computer with its
two double sided double density disk
400K drives, large easy to read 9"
display screen and well designed
detachable keyboard.
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8 Parallel-to-Serial Printer Interface
This quick-and-easy project w ill allow you to interface a Centronics
parallel output to an RS232 Serial printer. R.L.L. Hu

11 Build the Modem Minder
You don't have to sit there waiting and watching. This device does it
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useful, but not compatible. If you have a Centronics output on the
computer you want to connect to a printer w ith an RS232
connector, this interface device will make it all possible. See page 8.

Page 11.

MAY1985 - ComputerDigest 3



EDITORIAL

We get letters...

-Charley Buehner of Scobey, MT, wrote to say that he liked the pi~ce ~e

did on the Commodore Cassette Interface, but that he has an Atan. HIs
friend has a Commodore Plus/4 which has a din port connector, and
Charley wants to know if there's anything that they can do.

Charley, it's a problem.
There are so many varieties of computer out there, and we have only 16

(count'ern) pages each month! The name of the game, of course, is
"standardization" which would put us all back in the game. It all really
began when the resistor manufacturers decided on a standardized color
coding system that really worked out well for everybody The capacitor
manufacturers tried to follow suit, but the result was utterchaos, With
ramifications, ifs, and's and but's. .

In the world of computers, standardization was attemptedWith
interconnects the RS-232 being the biggest bug-a-boo of all. Still, it's called
a "standard " ~nd we have to live with it. So non-standard is this standard,
that hundreds of articles have been (and still are)written about it. At least
one manufacturer offers a cable that letsyou interconnect regardless of
deviations from that so-called standard!

We attempt to aim articles at the various typesof computers,.but no
magazine can be all things to all men. What's needed, we f~e1 , IS .an
organization of computermanufacturers thatwill Sit do.wn 1 . I ~e rational
people and try to sort things out with aneye toward Simplification.

It seems that they're all will ing to adopt standards, provided that the
methods and systems they now use themselves, are adopted as the
"standard." And chances are that even if that were to happen, they'd claim
a proprietary interest and stop it all with a law suit! .

There doesn't seem to be a simple solution, if solution there ISat all. We
can only hope for that Utopian day when there will be peace on Earth, no
more crime no more famine love w ill once again prevail, and all
computers,'regard less of ma~ufactu re, can use any software or peripherals
without complicated and devious rework.

But if you thinkthe Peace Talks get bogged down, just try getting .
computermanufacturers to talk to each other. Kissingercould have a field
daywi th those people! But until the time that happens, we're all going to
have to suffer with non-standard standards.

Byron G. Wels
Editor

ComputerDigest is published monthl y as an insert in Radio-Electronics magazine by Gernsback Publications,
Inc., 200 Park Avenue South, New York, NY 10003. Second-C lass Postage Paid at New York, N.Y. and additional
mailing offic es. All rights reserved. Printed in U.S.A.

A stamped self-addressed envelope must accompa ny all submitted manuscripts and/or artwork or photographs if
their return is desired should they be rejected. We.dlsclalm any responsibility for the loss or damage of
manuscripts and/or artwork or photographs while In our possession or otherwise .
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LETTERS
Glitch!

There seems to have been a
slightglitch in the program listed in
the March,1985 issue in the story
on Morse Code Practice On Your
Commodore. Have you heard from
others? Have you located the
problem?-P. Childers, Orlando,
FL.

Yes. Here are the corrections:
Line 30 should have a comma, not
a decimalcom; Line 290 should
read: EL (1) = R:For 1= 2 to N. Line
300 should read P=N-I and line
480 should read GOTO 210. Other
than that, Bob Woods, our author,
assures us that everythins else is
O.K.

Bottom line
I went to a "computer store"

recently, more to window shop
than to buy, but I did get to talk to
a salesman. Actually, he did the
talking, I listened. He was
obviously trying to fast-talk me into
buying a product I neither needed
nor wanted, but which carried a
heavy price tag, and I assume,a
heavy commission for him. He
steered me around the aisles to
the equipment he wanted me to
see, I couldn't get a word in
edgewise, and he got more and
more insistentas I got angrier and
angrier. How do you handle a

situation like that?- B. Pettigrevv,
Seattle, WA.

The way I handle that kind of
situation is simply to walk out and
let him stand there and talk. Then
so back to the same shop a month
tete: Chancesare he won't be
there any more.

Seiko Misses The Mark
After reading your article by

Marc Stern in the February Issue,
(Seiko's Datagraph System) I feel I
must comment. The article, though
an excellent promotion for Seiko,
did not point out anyof the
system's obvious failings. Perhaps
the author did not have the
opportunity to use one. I d id, and
found sufficient reason to return
the product to the place of
purchase.

The first failing was a distinct
lack of contrast in the display. The
viewing angle was more critical
than an ordinary LCD watch. As
there is no provision for use at
night (no back lighting or light) the
watch functions (much less the
data functions) are unusable at
night or in dim light.The actual
computing and recording utility,
from a practical standpoint, is
diminished by having to carry the
keyboard module (which does not
appear to be too sturdily built).

The alarm function could have
been enhanced by having multiple
alarmstagged to different
messages, but as it currently
stands, it is limited to one.

In a nutshell, Seiko's wrist
"computer," despite its excellent
technology, fails to provide
sufficient utility as eithera watch
or a computer to merit its price
tag. It is a good step in the right
direction, but falls short of the
mark.-C. N. Austin, TX

C. N., I canassure you thatMarc
did indeed test thesystem, and
liked it. I suess differences of
opinion arethe reason that we
hold elections!

Worried
I like the idea of computers

being made smaller and more
portable, but this also makes them
moresusceptible to theft. They're
easily negotiable, and make fine
targets for burglars. What's the best
way to protect a computer against
robbery?-C. Simpson, Ft.
Lauderdale, FL.

You'll find a wide variety of
devices to protect a computer
from theft. But don't forset, when
you buy a computer, to notify your
homeowner's insurance asent so
you canset it covered underyour
resular policy. ~CD~

COMPUTER PRODUCTS
For more details use the free

information card inside the back cover

SUBSYSTEM OPTION, has been de
signed by the Viasyn Corporation
(formerly known as CompuPro) asa
mass storage option for its System 816
microcomputers that allows the user to
tailor a disk system to fit his or her
particular application needs.

The new Tri-Disk Subsystem offers
combinations of eitherone 8-inch and
one 5.25-inch floppy disk drive, or
two 8-inch floppy drives, and a 5.25-

CIRCLE 21 ON FREE INFORMATION CARD

inch harddisk available in choicesof
20 or 40 Mbytes.

The Tri-Disk System featuring either
the 8- and 5.25-inch floppies, or the
dual 8-inch floppies, is priced at
$4,995,w ith the 20 Mbyte harddisk.
With the 40 Mbyte hard disk, the price
is $5,495.- Viasyn Corporation, 450
Newport Center Drive, Suite 200, New
port Beach, CA 92660.

COMPUTER SYSTEM, the Integral Per
sonal Computer, comes in a 25-pound
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transportable package with a built-in
ThinkJet printer, a 3%-inch double
sided diskdrive, a 9-inch elec
troluminescent display, and a full-size
keyboard. It is based on the Motorola
68000 16/32-b it processor and a16-bit
HPgraphics processor. Standard mem
ory is 800 Kbytes, which can be
expanded by the two standard .input!
output (I/O) slots. Also standard is the
HP-IBexpansion interface (IBEEE488);
and there are five interface options
that can be plugged into the I/O slots.

CIRCLE 22 OH FREE IHFORMATIOH CARD

The Integral Personal Computer is
priced at $4,995.00-Hewlett Pack
ard Company, 1020 N.E. Circle
Boulevard, Corvallis, OR 97330.

EDUCATIONAL GAME, Mission: Al 
gebra/ provides kids age13 to 18 w ith
an entertaining, educationally sound
way to practice solving linearequa
tions. The gamefeatures a random
generator that creates thousands of
problemsfor endless practice in coor
d inating pairs on a graph, determining
the equation of a line and solving for
"x" and "y" coordinate pairs.
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The object of the game is to recre
ate the course of your lost sister ship
to locate its present position. In the
process, you must leam to solve linear
equations. Problems flash on the
screen above a large workspace. The
valiant reconnaissance scout must
solve for Y' before plotting the x,y
coord inates on a graph to locate the
ship that's gone astray Incorrect an
swers are identified, requiring
reeva luation of tracking tactics and the
selection of anotherapproach.
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"Mission:Algebra" is priced at
$44.95.-Designware, 185 Berry
Street, San Francisco, CA94107.

INK-JET PRINTER, model PT-90/ is a
dot-matrix printer with an ink-jet print
ing system (32 nozzles) for letter
quality printing and graphics. It is
particularly designed for use in final
text preparation and processing.

The model PT-90 has an overall
resolution of 240 dots per inch, both
horizontally and vertically Its letter
quality mode offersa character resolu
tion of 96 x 32 dots (at 10 cpi),
indistinguishable from fully-formed
characters. Its draft mode offersa
character resolution of 48 x 16 dots,
comparable to the best high-density
impact printers.
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The model PT-90 offersalmost uni
versal compatibility w ith popular
systems and software.The suggested
retail price is $3495.00.-Siemans,
186 Wood Avenue South, Iselin, NJ
08830.

COMPUTER FURNITURE, the Oak170
Series, includesa desk, hutch, printer
stand, comer connector, and monitor/
printer platform, all in oakw ith a hand
rubbed finish.

The desk, model CT-170/ has a dual
level top with adjustable keyboard
and CPU shelves. The entire lefthand
surface can be lowered to a typ ing
heightof 27", 28",or 29". Detachable
keyboards can be tilted at 5°, 10°, or
15° for user comfort. The desktop's
fixed half can hold a cassette or disk
drive, and even a printer. A pencil
drawer slides below The model
CT-170 is priced at $329.95.

The add-on hutch, model CTA-171/
includes a monitor shelfand two
adjustable storage shelves. The
monitor shelfcan be raised or lowered
to put the video monitor at the proper
eye-level, and can alsobe tilted to
reduce glare. Themodel CTA-171 mea
sures 28" x 49" x 13"and is priced
at $219.95.
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The printer stand, model CT-175/ has
two top paper slots to accommodate
either rear- or bottom-feed printers,
and two interior storage shelves. The
forms receiving shelf on the backcan
be raised or lowered depending on
the user's needs or office location. The
model CT-175 measures 29" x 25" x
28" and is priced at $229.95.

The trapezoid comerconnector,
model CTA-173, canjoin the deskand
printer into a completework center. It
can be attachedto either the right or
left side of the desk, as the user
prefers. It is priced at $79.95.

The monitor/printer platform, model
CTA-172/ can be usedw ith the deskto
hold a monitor or micro printer. It also
has a tilting feature to reduce monitor
glare, and measures 9" x 22W' x
11%". It is priced at $49.95.- Bush
Industries, Inc.,312 Fair OakStreet,
Little Val ley, NY14755.

SURGE SUPPRESSER, the SurgeFree
model 5F-1O/ is a single-socket elec
tronic power center for residential use.
It features fail-safe, solid-state, surge
clamping electronic circuitry Rated at
15 amps (1875 watt) 125-voltsAC, it
instantly detects and suppresses high-
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voltage spikes and surges, protecting
such electronic equipment as personal
computers, color-Tv, and microwave
ovens or any sensitive devices. It is
priced at $12.95.-Ultima Elec
tronics, Ltd., 21 Central Drive,
Farmingdale, NY11735. ....(J)~



SOFTWARE REVIEW

It's safe.
Meddlers and othe r unauthorized users can be kept

out of the HOST computer by using an optional
passw ord of up to 14 characters. If the cor rect
password isn't entered by the fourth try Telecommuter
automatically di sconnects from the telephone circuit.

The Telecommuter package includes a special null
modem cab le that permits direct cab le transfer
UPLOAD and DOWNLOAD-between the off ice and
lap computers, or any other com puter. If the user
returns to the office, the material in the lap computer
can be directly transferred into the off ice PC at speeds
up to 9600 baud . How ever, 9600 baud assumes the
computers are close to the same tolerance. We have
not found that to be so, and generally run direct cable
transfers at 2400 baud .

Virtually every parameter is user-programmable
through installation and co nfiguration menus: This
includes color or monochrome screen di splay,
password selection, communications default drive,
co mmunication parameters, individ ual selection of
COMI or COM2 for the RS232 and modem 1I0 's,
individual baud rate, stop b it and parity for all
co mmunications modes, modem set and reset control
codes, even printer selection. Telecommuter
automatic ally plugs in the correc t boldface, under line
and optional co ntrol codes for commonly-used Radio
Shack, Epson, IBM, Itoh, NEC and Diab lo printers.

The one thing Telecommuter cannot do is protocol
(b inary) transfers. The prog ram is specifica lly intended
for communications and the preparation of text and
documents. In these areas its performance is superb .

Telecommuter Integrated Word Processing
Communi cations Software, Sigea Systems, Inc., 19
Pelham Rd., Weston, MA 02193. For IBM PCand Pc/XT
compatibles and Tandy 2000, 1200, 1000. computers
with internal or external modem. Price: $200 postpaid,
includes postage and handli ng.~CD~

configuration menu. Instead of having to put up w ith an
auto rnode m answering on the first or second ring, a
Smartmod em can be prog rammed to pick up on, the
fifth ring so the co mputer can be left on-l ine at all
times. Someone w ill usually answer before the fifth
ring; if not, the computer answers the line. With this
feature, the user doesn 't have to w onder w hether the
co mputer and modem are turned on or off, they can
be left on, or turned on by a time clock because
Telecommuter can be set to cold boot directly into the
HOST mode. For those who are into serving as a HOST
for other computer systems and users, Telecommuter
comes w ith a specia l FILTERprogram that converts
WordStar's word processor.

Host and cable transfer too.
In addition to the word processing and

com munications funct ions, Telecommuter provides
HOST and CABLE TRANSFER mod es. In the HOST mode
the d isk dr ives of the off ice Computer can be accessed
di rectly from the field by the lap computer-or any
other remote computer-and data, documents, or
whatever, can be exchanged between the disks and
the remote computer. For examp le, conside r the field
technic ian w ho might need to know the availibility of
spare parts, but the home offi ce is closed for the day
By using a remote computer to access the office PC he
could check inventory files, even start the office printer
and leave a message tel ling the first person in the next
morning to pull the parts and ship them express. Or, he
might w rite a complete report of his efforts using the
lap computer's text ed itor and then upload the report
d irectly into the off ice PC's "electronic mailbox."

A llthis may sound complex. It's not. When the lap
comp uter accesses the office PC the commands seen
at the remote site appear almost exactly as they do at
the PC itself; the user actually w orks in PC-DOS w hen
using the PCS functions from the remote site. He can
call for a DIR of either drive, ERASE, CO PY, WRITE and
READ files, even start and stop the office printer. It
functions the same w ay on both ends.

Telecommunter is intended for use w ith a Hayes
Smartmode m, a Radio Shack Modem II, or a Tandy
1000. The HOST mode can easily acco mmodate the
small business having one phone line because
Telecommuter allows a Smartmodem's be ll (ring)
pickup to be programmed by the user through a

Telecommuter-Integrated word processing and communications for PC-compatibles and
lap computers .

HERB FRIEDMAN
- Telecommuter is an integrated word processing and
co mmunications package spec ifically designed for the
users of IBM-compa tibl e and Radio Shack lap
co mputers (and the NEC 8201A lap computer). The
prog ram is based on the co ncept that most persons
using an IBM-co mpatib le personal computer at the
office and a lap computer in the field don't want to
become co mputer sc ientists in orde r to integrate the
two. By making the offi ce computer emulate and
support the lap co mp uter, Telecommuter creates a
tota lly integrated word processing and
communications environment that emp loyes the same
functions: Except for the word proc essor, both IBM
IBM-com patib les and the lap computers function the
same way for communications and text creations: The
difference in the w ord processor is that the IBM is a
full-fledged word processor, not a text editor: It is
intended for the creation of business documents or for
the rew orking of text, data or even BASIC programs that
originated in a lap computer's text editor.
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PARALLEL TO
SERIAL INTERFACE
Interface a Centronics
parallel output to an RS232 serial printer.

R. L. L. Hu

-I f you built your computer system using boardsand
peripherals from different manufacturers, you have
probably experienced the frustrationsand confusion of
mixing and matching interfaces. This project meets the
real need to interface a Centronics parallel output to an
RS232 serial printer.

Howthe circuit works
Refer to the schematic diagram, Figure 1. Parallel data

from the printer control ler is loaded into IC1 , a 74LS1 65
shift register by the STROBE signal if the BUSY line is
low. This STROBE signal also clears IC2, a 74LS161
binary counter and presents 1C3-a, a 74LS74 flip-flop.
On the positive edge of the STROBE1 pulse, 1C3-b is

~ /

(

clocked and the BUSY line to the printer controllergoes
high. Since most parallel interfaces found todayuse
only the STROBE1 and BUSY lines for handshaking, the
ACK signal was not implemented in this design. The
BUSY line will be kept high for a minimum of 10clock
cycles for each byte transferred. During this interval, the
parallel data loaded will be clocked out serially
through 1C3-a: first the start bit, then followed by 7 data
bits and ending with 2 stop bits (total of 10 bits). The
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FIG.1-SCHEMATIC DIAGRAM IS STRAIGHTFORWARD with no critical wiring. Author
used wire-wrap method, on ordinary perfboard. For better understanding, refer to the
schematic while reading "How it works" section.
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BUSY line can also be held high by the serial printer if
the printer buffer becomes full, that holds off any
further data transfer from the printercontroller. Many
serial printers use either pin 4 (RTS Request To Send))
or pin 20 (DTR Data Terminal Ready) to signal this
buffer-full condition.

To keep the overall partscount 10VY, the 74HC132
(high-speed CMOS) Schmitt-trigger was used for IC4.
That IC lends itselfwel l to operatingas an oscillator
simply w ith the addit ion of a resistor and a capacitor.
The oscillator runs at 2400 Hz or 2400 baud with the
values of Rand Cshown.

Since the STROBEpulses occur asynchronously
(when the BUSY line is low), it is possible to have the
positive edge of a clock pulsearrivejust at the instant
the STROBEpulse goeshigh. Unfortunately, thatwould
resu lt in an unpredictable outcome. However, with the
clock circuit shown, w hich is not the same as gating
the output of the oscillator, a setup time is ensured
between the last STROBE pulse and the next clock
pulse. Pull-up resistors were not used in interfacing LS
TTLto this CMOS, since with CMOS gates as the only
load on the LS TTL outputs, the LSTTL outputsw ill
generally rise up to one Vbe below Vee.

Transistors 0 1 and 0 2 serve as voltage trasnslators,
and diode D1 keeps the base of 0 1 from going into
negative or reverse breakdown.

Construction.
The layout of the components is not critical. The

prototype was built using wirewrap technique. The
RS232 receiverand driver components were all
mounted on a single 16-pin component header and
plugged into a w irewrap socket. The whole circuit
board fits into a small chassis box (Radio Shack
270-235), with one end of the box for the parallel
interface connections and the other end for the RS232
interface connections. It is best to keep the parallel
interface cable short and extend the RS232 interface
cable to the length desired.

Do not substitute the 74HC1 32 with 74LSOO, unless
you plan to design your own oscillator. The baud rate
of this interface board can be changed to suityour
printeror your inclination. However, not muchcan be
gained by running at a baud rate greater than 2400,
unless you have a very fast printer (240cps) or a print
spooler, since data transfer occurs concurrently with
printing anyway.

Note that some serial printers use an active-low
BUSY signal, in which case, pin 1 of IC5 should be tied
to 8round instead of Vee.

Powering-up the interface
The 5-volt supply needed to run this board can

usually be obtained from the Centronics end of the
interface. Checkyour printer controller documentation
to see if it is available at one of the connectorpins. If
not, it would be a simple matter to install a jumper .
from the 5-volt source on the printercontrollerboard
to one of the connector pins. The negative supply (-9,
-12, -15V ete.) may be obtainable from the serial printer
end of the interface. Check the documentation for the

printer; if pin 2 (TxD Transmtted Data) is unused and
remains at a negative RS232 voltage level when
operating, then it may be usable as the negative
voltage source to drive the RxD (Received Data) line.

Apply power to the interface board. Check and
adjustVRI for oscillator frequency of 2400 Hz. This
frequency does not have to be accurate, since each
start bit synchronizes the receiver clock of the UARTI
ACIA in the printer. Timing errors are non-cumulative.

Troubleshooting.

If the printer prints the correct character each time,
then the baud rate is setcorrectly. If you get garbage,
check the baud rate. Now try writing a string of
characters to the printer. If the printerworked in the
singlecharacter mode but now it prints garbage, check
and make sure the numberof data bits, parity bit and

PARTS LIST
Resistors
R1 , R2, R4-10,OOO ohms
R3, R5-3300 ohms
R6-270 ohms
R7-1500 ohms
R8-100,OOO ohms
R9-10,OOO ohm, t o-turn potentiometer
Capacitors
C1-Q.005uF
C2-C6-0.1uF
Semiconductors
IC1-74LS165 shift register
IC2-74LS161 counter
IC3-74LS74 flip-flop
IC4-74HC132 Schmitt trigger
IC5-74LS86 quad OR gate
Q1-2N4400 transistor
Q2-2N4402 transistor
01-1 N4148diode

stop bits on the printerare setas follows: 7 data bits,
no parity bit and 2 stop bits, which is the same as
setting for 7 data bits, mark parity bit and 1 stop bit.

The numberof stop bits sent by the interface board
can be increased from 2 to 4, if your printer lacks the
flexibility in data format settings, by simply moving the
wire from 01 to 02 on IC2.

If the printer prints okay initially, but starts to drop
characters after a while, it is likely that the printerbuffer
overflowed due to improper handshaking. Check the
busy line from the printer to the printer controller. If the
problem is still not resolved, set up a scope loop by
disconnecting the printerand issuing continuous print
commands, remembering to tie up or down,
depending on your particular printer, to the printer
busy line. Now is a good time to pause and reflect,
beforeyou become too deeply involved in
troubleshooting, on a couple of things which should
have been verified before hooking up the interface:
that the Centronics controller itselfworks, and that the
RS232 printer itselfworks also. This interface has been
tested and used with Cromenco printercontroller
board, Heathkit Hl4 dot-matrix printer(256-character
buffer) and Smith Corona TPI serial daisywheel printer
C32-character buffer). Both have been working.....<D~
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CIRCLE 274 ON FREE INFORMATION CARD

A North American Phi/ips Compenv

f!lJedt"catedto 8.'l:Cellence .

works. It's the only book you'llneed.
But you'llneed a newone every year.

Toget a copyof the new Master
Guide, go toyour nearest Philips ECG
distributor. For his name and location,
just call: 1-800-225-8326 (inMass.,
617-890-6107) .

If it'S ECC, it fits. And it works.

PhilipsECG

Your new Master Guide will be looking
as dog-eared as the old one before long.
Because this year the Master Guide has
been expanded to include more than
400 new products and almost 25,000
newcross references.The Master
Replacement Guide for1985. 656pages.
Over 3,500 different ECGdevices that
provide replacement coverage for more
than 227, 000 industry types. Andevery
thing inthe bookis cross-referenced
soyoucan find what you're looking for
fast , and be sure it fits. Plus, everything
we make meets or exceeds the original
JEDEC or application specs. Soit

ECC'" A-STAT Material
Philips ECG has two sizes of
anti-static foam that will prevent
damage to semiconductors from
static electricity. The A-STAT 12
measures 12" x12" and is perfect
for bench use. The A-STAT 2
measures 3" x 5" and can be car
ried in the toolbox. When semi-
conductors are kept in A-STAT
foam, static electricity is shunted
through the foam instead of into
the semiconductor, where it could
have caused damage.
Common applications: Essential
for semiconductor protection on
the workbench or in the field.

The one thing we make
that you l1ave to

replace everyyear.

The new and expanded ECC' Semiconductors Mast er cutee,

ECC"High-voltage
Rectifier and voltage
Divider Network
Philips ECG's ECG568 is a high
voltage rectifier used in Sanyoand
Sears TV sets to supply high volt
age to the picture tube. It also
contains a voltage dividernetwork
whichsuppliesfocusvoltage to the
picture tube.
Common applications: For use in
television service and repair.
CIRCLE 298 ON FREE INFOR MATION CARD

ECC'" LED Lamps
Philips ECG has LED lamps in
shapes and sizes for virtuallyany
application. They're available in
round, rectangular, triangularand
square shapes. They come in red,
yellow, green , or even in two col
ors. And there's a choice of clear
and diffused reds . Some have jew
elledlenses . Andsome are even
available as flashing LEDs with the
flasher circuit built in. .

In addition, long-life, shock
resistant, vibration-resistant, LED
replacements for incandescent
cartridge indicator lamps are also
available in red, yellowor green.
Commonapplications: All LED
indicatorapplications. LED car
tridges are ideal replacements for
cartridge-type incandescent lamps.
CIRCLE 297 ON FREE INFORMATION CARD

EMF'" Transient voltage
and RFInterference
Suppressors
EMF transient voltage surge sup
pressors by Philips ECG clamp
voltage spikes on120VAC line to
levels safe for allelectronicequip
ment. They can handle up to 40%
greater surge current than other
suppressors. Single outlet sup
pressors are available in both two
and three-prong versions.

The multiple outlet EMF315
incorporates both a spike suppres
sor and a PI filter to suppress
RF interference on the ACline.
RF interference causes audioand
videodegradation and causes
digitalequipment to function
imperfectly.
Common applications: Electronic
equipment such as hi-fi and tele
vision, stereo, computers or other
line-operated electronicequipment
subject to voltage surges and radio
frequency interference from the
ACline.
CIRCLE 299 ON FREE INFORMATION CARD
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BUILDTHE
MODEM
MINDER
You don 't have to sit there
watching and waiting...

KIRK VISTAIN
-Like many computer users, I enjoy communicating
with remote CP/M and bulletin board systems. And like
many, I've spent much of my time hearing busysignals
and redialing. That's why I was so happy to get a copy
of MEX, the publ ic domain Modem Executive program.
With it, I could tell the computer to keep d ialing a
number until it connected, w ithout my intervention.
But, I ran into a slight prob lem. The computer is
supposed to make life simpler by eliminating the need
for human intervention in mundane, repetitive tasks. Yet
there I was, sitting by the terminal, watching a number
being dialed over and over again. Why? Because I had
to know when a connection was made. Perhaps like
many of you, I have a computer which does not
support a terminal bel l. So the only way to know when
I had reached a remote was to watch the screen. I
know what you're thinking. Turn the volume up and go
do something productive while you're waiting. High
volume? That doesn't help your concentration. That's
why I designed the Modem Minder (Fig. 1).

How the Modem Minder works.
When your computer attempts to ring up a remote, it

waits until it hears the answ ering computer's
acknow ledgment tone of 2225 Hz and responds w ith
its own 1270 Hz signal. It is this tone that the Modem
Minder senses acoustically.

When used w ith a direct-connect modem, such as
the Hayes Smartmodem, it monitors the speaker
output, which can be set to an unobtrusive level, and
sounds a piezo buzzer when it detects the 1270 Hz
tone from the originating computer. You can go about
your work while the computer tries to connect, and be
notified when it does, w ithout being distracted by the
dialin~ tones.

Design.
I designed the Modem Minder to meet several goals.

First, it had to be as isolated as possible from the
circuitry of both the modem and computer. This is
good practice whenever you build an add-on device.
Modifying commercial designs is a risky business, and
w ill generally void any warranty you might have. The

FIG. 1-WITH UP-FRONT CONTROLS and a small footprint,
the Modem Minder fits nicely just about anyplace.

,
idea of hard-wiring an unproven circuit to a $250
modem just isn't appealing, unless you're a fireworks
buff. So I opted for acoustic coupling. This means that
the modem must have an internal speaker. All the
stand-alone Hayes models and many othersdo, so this
seemed a valid approach.

Parts availability and ease of construction constituted
the second criterion (Fig. 2). This meant using off-the
shelf devicesand a simple circuit. Since the Modem
Minder would probably not be used for extended ·
periods of time, the complexity of an AC supply
seemed excessive, so battery power was chosen.

Because it wo uld be sitting close to the computer,
Modem Minder would have to reject noiseand
speech. More importantly, it would have to distinguish
between the desired 1270 Hz tone and the other tones
it wou ld be likely to hear on the phone line, especially
the uncomfortably proximate 1209 Hz touch-tone
signal used w ith numbers1,4, and 7.

The circuit shown in the schematic, Fig. 3, satisfies
these requirements. IC2-a is configured as a non
inverting amp w ith a gain of approximately 30. The
acoustical transducer is a ceramic microphone chosen
mainly for economy and its limited frequency
response, which helps reduce noiseproblems. C4
eliminates the DC offset component of the amplified
mike signal and feeds the input (pin 3) of a 567 tone
decoder K . Since the detection bandw idth of this IC is
amplitude sensitive at signal levels below 200mV, the
preceding preamp stage provides signal above this
level.

The approximate detection frequency of the circuit
is determined by the series resistance of R1 and R8, and
C1, according to the formula f = 1.1/((R1 + R8) x (1)
where f is the center frequency of the internal current
controlled oscillator (CCO). R8 is used to compensate
for component tolerances, and to allow precise
adjustment of the detection frequency. Capacitors C2
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and C3 set the detection bandwidth at about 4%
(1219-1320 Hz) at input levels of greater than 200mV

The combination of R2 and D1 providesa feedback
path which causes the output of IC1 to latchuntil
disabled by a positive pulse at pin 1 from RESET
switch, Sl

Pin 8 of IC1 is an active low output. This means it
goes from nearthe positive supply rail to ground when
it detects a tone. This signal is fed to IC2-b, which is
w ired as a comparator. R6 and R7 set the voltageat pin
12 to approximately 1V As long as pin 13 remains
above this level, the output of the comparator is
negative, which disablespiezo buzzer, PB1 D2
protects the buzzer from reverse polarity

When a detected tone causes the output of the
decoder IC to drive pin 13 below the level of pin 12,
the output snaps up to the positive supply rail and
causes the buzzer to sound, until RESET is pushed.

Construction.
I tested the design of the Modem Minder on a Heath

Digital Design Console, a handy device for the
experimenter. The prototype was built on an etched
board, (see Figs. 4 and 5), although, for one-time
construction, wiring the device on perfboard would
be quicker.

Most of the parts are readily available at electronic
supply stores, or maybe even in your junk bin. A few
parts need explanation. The type of ceramic
microphone you use maydetermine the amount of gain
required in the preamp. The design goal is to provide
the input of the 567 tone decoder with a minimum of
200mV at 1270 Hz, with the modem's speaker output
set to an unobtrusive level. If you need to adjustgain,
change the value of R3. A highervalue means more
amplification, a lower one less. At gainsabove 500,
offset might become a problem, but you'll probably
never need to go that high.

Microphone and case.
One important consideration is how the modem's

speaker is mounted. If it is on the bottom of a stand
alone design, such as the Hayes Smartmodem, you can
cut a hole in the Modem Minder case, just slightly
smaller than the microphone module. The module is
then mounted from inside the case, facing up, that is,
toward the modem's speaker. The modem sits atop the
casewith its speaker over the microphone opening on
the Modem Minder. This allows it to block most
extraneous noises, as well as keep phone line signals to
an unobtrusive level.

The size of the case will be determined by the type
of modem you are using and the way you mount it in
your system. If you are dealingwith an outboard
device the box should be big enough to support it,
but small enough to fit between the feet. That way,
intimatecontact is maintained and audio leakage from
the speaker is minimized.

For thoseof you with Hayes Micromodems, or other
types, which are mounted inside the computer, or have
unusual speaker locations, it maybe necessary to place
the microphone, in its own enclosure, over the speaker,
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FIG. 2-INSIDE THE BOX, compact parts placeme nt and easy
wi ring is revealed. Nothing super-criti cal makes th is a com
fortable project.

and connect with shielded cable to the separately
mounted Modem Minder electronics.

Adjustment and use.
There are several waysto adjust the 567 to the

correct frequency The most obvious is to connect a
frequency counter to pin 6 of the 567 and adjust for a
1270 Hz output. If you don't have a frequency counter,
you can simply dial up a remote computer and wait for
the modem to answer backwith the 1270 Hz signal.
This will likelyrequire several tries, since the tone
doesn't last long.

When you first power up, the Modem Minder's

PART LIST
RESISTORS
All resistors ± 5% unless otherwise specified.
R1-2200 ohms
R2-18,000 ohms
R3--15,000 ohms
R4--470 ohms
R5-1 megohm
R6-8200 ohms
R7-1000 ohms
R8-2500 ohms linear trimpot*
CAPACITORS
C1-.22jJ..F
C2-10jJ..F
C3--22jJ..F
C4-.01jJ..F
SEMICONDUCTORS
IC1-LM567 Tone decoder
IC2-LM324 Quad Op Amp
01, 02-1N4148 Oidoe
MISCELLANEOUS
MIG-Microphone element
BZP1-Piezo buzzer
SW1-SPST, N.O., Momentary contact
B1 , B2-9-volt battery
Enclosure, perfboard or printed circuit materials,
hardware.
•A 2500 ohm potentiometer is preferred but a 5000
ohm will work adequately.
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FIG. 3-SCHEMATIC DIAGRAM holds no secrets. It's easy to follow, and should be referred to while reading the text. For more
information on R3, the 15K resistor, refer to the text .

~-------3 INCH ES------~

FIG. 4-FULL-SIZE CIRCUIT BOARD LAYOUT is provided
here, looking at the circuit side .

buzzer w ill latch on. Pushing RESETwill stop it. You
could probably use the remaining two opamps in the
LM324 to devise some sort of automatic-reset-at
power-up circuit, but I prefer the beep, because that
tells me the batteriesare good and most of the
circuitry is operational.

Just a quick word about computer etiquette: It's best
to be certain you're dialing the right number before
you leave the terminal unattended. Imagine how you'd
feel if someone's computer got your number by
mistake and kept calling every two minutes, early some
Sunday morning!

The Modern Minder is one of those unusual devices
thatyou might look at and decide to build because
there's nothing much on television that night, and
you've got most of the parts in vour junkbox anyway,
and besides, it's raining out. It i ~ , after all, an interesting
project, and the building doesn't take all that long to
complete. What makes it unusual, is thatafter you've
built it and instal led it, you check it to see that it's
operational, and then you start using it. And before

+ I1£ PB1
R3 C4

B
R1 II R7 E] C2

R4 R8
I I [I]R6 C3

I I
S1-b

R5 0 1 R2
I - C1-

f \ \
M IC S2-a S2-d
SHIELD

COMMON

M IC S1-a

SIG

FIG. S-PARTS PLACEMENT is shown in the above diagram .

long, you wonder how you ever got along without the
thing! My own unit is in constant use and if I've got any
regrets at all about it, it's only that I w ish I had built it a
long time ago. If you're using a computer, and using a
modem, the Modem Minder is one ancillary device
you've got to have.

Computer databases, bulletin boards, and remote
systems are fun to use, but for that very reason you're
likely to run into a lot of busy signals. To make your time
more productive, let the Modem Minder sit around
waiting for a connection, while you go about your
business. You can trust it to buzz you as soon as the
connection is made. I'll be glad to answer any
questionsyou might have about this device. Just send
your mail in care of this magazine, or leave me a
message on Compuserve, EMAIL box 72356,
1355......CD~
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MEDIA
MATCHING
You can mix and match computers
and media-If you know what you 're doing.

HERB FRIEDMAN

-One of the major problemscaused by the
proliferation of computer models and types is that of
media compatibility. Except for the IBM clones and the
IBM-compatible computers, few computers can read
the disk formats of other computers, and even though
the software might be the same, neither the program
nor its data can be directly exchanged between two
different computers.

For example, the same version of WordStar is
available for Osborne, KayPro and Rad io Shack
computers (among many others) yet neither the
program itself or its text file can be directly exchanged
between computers.

It is this lack of compatibi lity that normal ly prevents
you from preparing a document in the office on say, an
IBM-P( and then polishing it at home on your personal
Radio Shack Mode / III. It also works the other way
round in thatyou cannot prepare a data disk for
SuperCa/c on your portable KayPro and then use the
disk on the office Xerox computer.

Actually, the text, data, and even the program files
are identical, or at the very worst not identical but
interchangeable; it's only the way that they are written
to disk that's different.

While it is entirely possible to exchange text and
data between computers by using a modem, doing so
requires either a telephone connection-meaning two
computers, two locations, and two operators---or a
direct wi re connection through a null modem, which
means having the two computers adjacent or
physically near each other. Either way, it's a very
incovenient way to do things.

The simplestand most convenient way to exchange
software between computers is to movethe disks from
computer to computer regardless of the manner in
which the disk was electrically formatted by the
originating computer. While thiswas almost impossible
to do several years ago, today there's a seemingly
endless list of low-cost programs (utilities) that allows
almost any professional computer to read, and
sometimes write in the format of most other
computers.

In practical terms this means thatyou can prepare a
SuperCa/c spreadsheeton the Office IBM-PC, and then
directly use the data disk on your Osborne; or at worst,
you'll have to exchange the data to a disk formatted for
the Osborne. Either way, all you're carrying from
location to location is a disk, not a full computer.
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MSDOS 1.00 File Transfer Version 1.00
(c) 1984, Purves Computer System Software

1. Read MSDOS 1.00 Disk Directory
2. Copy MSDOS 1.00 File to TRSDOS Disk
3. Copy TRDOS File to MSDOS 1.00 Disk
4. Sort MSDOS 1.00 Diskette Directory
5. Format MSDOS 1.00 Compatible Diskette
Enter Select ion:

TRANSFER not only formats a disk for MS·DOS/PC·DOS1.0,it
translates between ME·DOS/PC-DOS and any TRSDOS·like
operating system such as Newdos, Dosplus, etc. It is not
limited to TRSDOS, even though that's what is implied by the
screen.

TRS-80 Model 4 CP/M 2.2 INTERCHANGE
PROGRAM vl.42
Copyright (c) Montezuma Micro 1983. All rights
reserved.
A. Montezuma Micro (DD,SS)
B. Hurricane Compactor 1&11 (DD, SS)
C. IBM PC CP/M-86 (DD,SS)
D. Xerox 820-1 (SD, SS)
E. Xerox 820-2 (DD, SS)
F. Osborne-1 (SD, SS)
G. Osborne Executive (DD, SS)
H. Kaypro-2 (DD, SS)
I. Zenith H-89 (SD, SS)
J. Zenith Z100 (DD, SS)
K. Zenith Z100 (DD, DS)
L. Cromeco Z-2 (SD, SS)
M. Cromeco Z-2 (DD, SS)
N. Eagle 80trk. (DD, SS)
O. Lobo MAX-80 (DD, SS)
P. LNW Computers LNW80 (DD, SS)
Q . MM Shuffle Board (DD, SS)
R. Holmes VID80 (DD, SS)
S. Omikron Mapper I (SD, SS)
T. Morrow Micro Decis ion (DD, SS)
U. Access Matrix (DD, SS)
V. Radio Shack ModACP/MPlus(DD,SS)
W. Televideo 802 (DD, DS)
X. HP-125 (DD, DS)
y. DEC VT-180 (DD, SS)
Z. NEC PC-8001A (DD, SS)
Select disk formnat by pressing [A-Z]

Press "BREAK" to exit to the CP/M operating system

INTERCHANGE for the MODEL 4 CP/M is one of the most
flexible and powerful translators, because it permits an alien
disk to be run on the host computer. About the only thing it
can't do (at least at the time of this writing) is translate to MS·
DOS/PC·DOS.

Different formats.
The reason for disk incompatibility is the way in

which the information is stored on the disk. For
whatever reasons-greed, or an honest belief that their
system is better-manufacturers store data in different
ways. Even the directory track-the list of disk files and
where they are located on the disk-varies from
manufacturerto manufacturer. For example, some
computers have the directory on track 17, others have
the directory on track 20, or track 2, or track 3.
Obviously, if a computer is looking at track17 for a list
of files it won't find anything if a particulardisk's



d irectory is on track 2.
Then there's the way in which the data itself is

recorded. The directory listing for each file contains
information as to which tracks and sectors used for the
files, the amount of space used, etc. The file itself has
assorted block markers, pointers; and checksums in
add ition to the data itself. Even if a computer could
locate a file on an alien disk, it most likely won't
understand the markers, pointers, checksums, and other
bits and pieces of control information that must be
interpolated before it's possible to read the data.
(Alien means a disk from a different kind of computer.)

Similarly, even if the computer could write to an alien
disk the file probably could not be located or used by
the computer for which the alien disk was intended.

Media compatibility.
The way out of this seemingly impossible morass is

to use translation software that reads and interpolates
an alien disk's data to the host computer's format.
Actually, the best translators can read and write most of
the commonly used disk formats. Though most
translation software accommodates a broad range of
computers-a few specifical ly translate for only two or
three computers-at the worst it requires two different
translators to accommodate all the most popular disk
formats. The major exceptionsare the Ap ple, Atari and
Commodore disk formats, for which there is presently
no d irect translator.

Disk translation programs are designed for computers
w ith at least two d isk drives, one of which mustbe a
5%-inch floppy (the other can be a floppy or a hard
disk). The program itself can be on a 5Y4diskette or on
a hard disk, the alien disk, however, is always a 5%-inch
diskette: there is no such thing as an alien hard disk.

The translator causes one disk drive of the host
computer to read (and sometimes write) the alien
format. Once the translator is installed the alien format
drive can no longer read or write in the host format.

Some of the older translation programs can only read
from the alien disk. For example, if the host computer is
anOsborne and the alien disk is from an IBM-PCthe
translator will read the IBM disk and copy the files
directly to an Osborne-format disk. The more modern
translators can exchange data in both directions.
meaning data can be read from the IBM disk and
written to the Osborne disk, or read from the Osborne
disk and written to the IBM d isk. Another difference
between the older and more modern translators is that
many of the older translators processed all files, the
user could not pick and choose. The modern
translators allow the user to selectone or more files for
translation.

The most modern translators such as Media Master,
Uniform, and TRANSFERcan even format an alien disk,
which meansyou don't have to carry disks back and
forth. For example, assume you have a document
created on a Radio Shack Model IIIusing the TYPITALL
word processor and you want to use the document on
the office IBMclone. The program TRANSFERfirst
allows you to format a b lank disk in the IBM format, and
then it w ill copy the document from the Radio Shack

MEOlA MASTER V1.02 (4/18/84) -- Osborne I and
Executive
(c) Copyright 1984 MOG and Associates
1. COPY file(s)
2. PRINT directory
3. DISPLAY directory
4. LOG in a new diskette
5. ERASE file(s)
6. VERIFY or write toggle (VERIFY is ON)
7. FORMAT a diskette
8. EXIT to CPIM
Press selection followed by < return>

Single Sided Formats Available

A. Osborne (0 0)
B. Osborne (SO)
C. DEC VT180
O. IBM PC CPIM
E. IBM PC-OOS 1.0
F. IBM PC-DOS 2.0
G. TI Professional CPIM
H. TRS-80 I w/Omikron
I. TRS-80 III w/Mewm Merch
J. TRS-80 IV CPIM
K. LNW-80
L. Xerox 820 I (SO)
M. Xerox 820 II (DO)
N. NEC PC-8001A
O. Actrix
P. Cromeco wl lnt'l Term
Q. Cromeco COOS (SO)
R. Cromeco COOS (DO)
S. Lobo MAX-80
1. Morrow M02
U. Kaypro II
V. Zenith Z90
W. Heath Z100 CPIM
X. Heath wlMagnolia
y. Systel II CPIM
Press selection followed by < return>

MEDIA MASTER does not support running a programming
but it is most efficient at handling translation. The supported
formats are the most modern and extensive for CP/M comput
ers, and they include translation to/from IBM PC-DOSand PC
CP/M.

host disk to the newly-created IBM disk.

Run time .
While the ability to read and write alien formats is by

itself spectacular, some of the translation programs
even allow a computer to run directly from the alien
disk. For example, Montezuma Micro's translator called
Interchange-w hich is supplied with theirversion 2.2
CP/M for the Radio Shack Model 4 computer-will run
a generic CP/M program directly from the alien disk.
("Generic" means a program that isn't hardware
dependent for a specific computer-a program that
w ill run on any conventional CP/M computer.) If you
have, say, the word processor WordStar and the
spelling checkerThe Word Plus on a Kaypro disk,
Interchange allows you to run them directly on the
Radio Shack Model 4. In fact, Interchange's transfer is so
effective that you can write data to either the alien disk
in the alien format, or to the Radio Shack format disk
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located in the A: drive.
While it is often possible to runa program directly

from the alien disk, it can only be done if both the host
and alien computers use the same CPU and the same
operating system. The reason we can run KayPro
programs on the Radio Shack Model 4 is because both
use the Z80 microprocessor and both employ the
same version of CP/M. If we had CPM-86 or MS-DOS/
PC-DOS programs on the alien disk they could not be
run because the Z-80 op codes are d ifferent than those
for the 8088 microprocessor, for which CP/M-86 and
PC-DOS is written. In fact, unless the CPU 's and
operating system is the same there is rea lly no point in
translating binary encoded disk files because they
won't run on an alien computer.

Translators are most effective when exchanging
ASCI I-encoded text and data because ASCII is directly
transferable between computers. For example, if you
have a document created w ith an MS-DOS version of

10 FORX=1T0 10

Microsoft's BASIC won't process the statement because
most implementations require that commands be
framed by spaces on either side. For Microsoft BASIC
the statement must read:

10 FORX= 1 TO 10

Some translator programs can convert BASIC
statements into other BASIC dialects. Generally, they
accommodate only the most commonly-used
statements; the user must then manual ly correct the
unconverted statements when they are indicated as
syntax errors. Usually, it'smore trouble than it'swor th.

Summing up.
Translation software is what prevents your old

computer(s) from becoming obsolete. Unless you have

IBM-PC SINGLE SIDED
IBM PC DOUBLE SIDED
OSBORN E DOUBLE DENSITY
KAYPRO II
ZENITH CPM-85 OS DO
OTRONA SPM-80
SANYO MBC-1000
KAYPRO-IV OS DO
HP-125
HP-9138

MORROW MICRO 0
MORROW MICRO 0 SS
DEC VT-180 SS 9 SECTOR
NEC PC 8000 SS
ACCESS MATRIX 8 SECTOR SS
TELEVIDEO 803
NCR DECISION MATE V
EPSON QX-10

CUSTOM DISK TYPE SELECTION
USE CURSOR ARROWS TO MOVE BETWEEN FIELDS

RETURN SELECTS ENTRY
F1 ENTER THE DISK TYPE BY NAME FOR SELECTION

F10 DONE RETURN TO PRIOR MENU
ESC ABORT ABNORMAL TERMINATION

SELECT FUNCTION KEY Jan-1-1980 0:24 am
CROSSDATA (C) COPYRIGHT 1983 AWARD SOFTWARE INC. ALL RIGHTS RESERVED IBM 2.00

CROSSDATAtranslates many of the most common " commercially-used" CP/M computer disks to whatever IBM DOS you're using in
either single or doub le-sided.

WordStar it w ill work directly wi th a CP/M version of
WordStar if transferred to a CP/M machine. Similarly,
ASCII Peachtext, SuperCalc, dBase II and VisiCalc files
can be transferred between various computers and
operating systems. If a program cannot process ASCII
files directly it will have someway to convert the files
to ASCII so they can be interchanged between
different implementationsor operating systems.

BASIC.
It is often difficult to transfer BASIC programs even if

written in ASCII. The reason for what is apparent
incompatibi lity is due to what is sometimesvery subtle
d ifferences between the various versions of BASIC,
even though the most commonly used BASICs are
Microsoft BASIC. For example, Rad io Shack's
implementation of Microsoft BASIC uses a form of
spacecompression to save RAM. While Radio Shack's
BASIC can use the statement:
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need for a new software that can runonly on the latest
computers-such asMultimate--you'll find that much
of your softwarecan run on both the old and new
computers.

As example, because I work in several locations I
must use several computers. This article originated on a
NEC-8201 lap computer. It was dumped to a Radio
Shack Model l for processing by Typitall whose files are
non-ASCII. The Model l diskwas carried to my home
and spelling checked by Hex Spell on a Model 3/4
(yes, there is a way to runModel l disks directly on a
Model 3/4). A converted ASCII text file was finally
trans lated using TRANSFER for the Model 3/4 to an IBM
PC because my high speed modem is on the Pc. The
file eventually wound up in R/E's computer. The article
went from something nevv, to something very old, and
back again to something new. And it was all made
possible by softwarethat translates different d isk
formats......CD~



con sider th e same system bei ng
used to immediately di sseminate
the licen se-pl at e numbers of
sto le n cars, de scr ip t ions of miss
in g person s, deli very sched ules,
t raff ic cond iti o ns, etc. Figure 1
illu str ate s th e v ari ou s t ech
nologies used by Qu oTrek to pu t
fast - b rea k in g in f ormati on i nto
yo ur pocket alm ost within sec
onds.

How it works
The in formation that eventually

ends up o n th e di spl ay of th e
pocket receiver ori ginatesat sever
al stock and commodity ex
changes: That information is then
relayed by RCA to Qu oTrek's cen
tral computer, whi ch is located in
California, via red undant satel lite
or landline circui ts. (RCA uses th e
be st available circuit as dete r
mined by computerized tr ansmis
sio n-monitors.)

The central compu ter for ms the
data concern in g 8000 stocks and
commodities into a pack et , and
then dumps th e packet into the
top of a RAM (me mory) stack. Data
compaction-which is te chn ical
jargon for " gets rid of the un
!"Jecessary sp aces"- maxim izes
the amount of data t hat can be
squeezed into th e packet. .

A continuously reading micro
processor scans th e RAM stack
and uplinks (t ransm its) th e data to
the Westar IV satell ite . Because of
limitations at the final ou tput stage
of the system , th e computer is pro
grammed to loop or rep eat t he en
tire stac k-all 8000 items-every
two minutes.

Turnin g o u r atte n t ion o nce
more to Fig, 1, it shows several lo
cal FM stat ions spread across the
country receiving th e down linked
data packet from Westar IV. The
stat ion, in turn, rebroadcasts the
data at 4800 baud on its FM subcar
rier. (It's the 4800 baud t ransmis
sio n rate that requires t he 2 mi nu te
loop for 8000 stoc ks and co m
modities.) Individual subscri bers
access the data through th e pocket
receiver th at i s pu rch ased o ut
rig ht , but the user st i l l has to pay a
monthly fee fo r th e service.

' The receiver has a keypad-pro
grammable mi crop roce ssor, a 40
character di splay, and 40 mem o
ries to sto re the selecte d data. Any
of the 40 memories can be pro-

grammed o r in stantl y reprog ram
med by the user fo r any of the 8000
stoc ks or co mmo dit ies. There is
also an add itional manu al memo ry
(41) th at allows the user to direct
access data on any stock or com 
modi ty w ithout changing the pro
gramming of the basic 40 memo
ries.

Of t he 8000 item s received every
2 minu tes o r so fro m the FM sta
ti on, t he recei ver 's co mp ute r
st rips off.the data on th e 40 user
selected items and stores it in one
of th e memories.

To view the latest data on a par
t icular stock on the rece iver's di s
pl ay, t he user " punches" in th e
code for that sto ck. (If you're over
w helmed by all the high-tech that's
take n us this far, the re's more to
come.)

Though t he data o n t he 8000
items is downl in ked fro m the sat
ell ite to the FM statio ns in a loop
that repeats every 2 minutes or so,
inform ati on o n t rading is i n
stanta neous. The mom ent there is
a t rade at the stock excha nge, the
informat ion is relayed by RCA to
the West Coast w he re it is imme
diat el y inserted i nto t he d at a
stream at th e output of the RAM
stack . And everyone's pocket re
ceiver updates in stantl y, as the
cent ral co mpute r st rips t he o ld
quote fro m the RAM stack and the
new in fo rmat ion is upli nked to the
satelli te .

It 's a never- ending process of
updatin g, instant ly in ser tin g the
latest trades into the data stream
and removing the o ld. But even
with the shuttl ing of data back and
fo rt h across a conti nent, the info r
mati on is bare ly seco nds o ld by
the tim e t hat it reac hes the re
ceiver because the re is no tr ans
missio n delay at th e exchange .

To tho se who live or work in big
cities, getting the latest stock and
co mmo dity info rmat ion is no big
deal; but consider a trader in " up
per outback" Wisconsi n. There is
no way he's go ing to know w hat's
happen in g unl ess he spends pl en
ty of time on the long-distan ce
te lepho ne. But if the local FM-sta
ti o n prov ides QuoTrek, ev en
though he's out in the boondocks,
he'll be as up to date on the latest
act io n in t h e mar ket as a Wa l l
St ree t Banker.. .and t hat's w hat
co mmunicat io ns is all about. R-E

Cb'\etlo\e
The Original...

A First in the industr y, with
over thirty years of use by
satisf ied customers.

Spray Pack Mark II
gets into places of
close tolerance and
washes out the dirt,
leaving a thin film of
lubricant which lasts
indef initely, with zero
effect upon current
capacity and
resistance.
Spray Pack Mark II
has been tested and
proven in the Space
Age and is still the
finest lubri-cleaner
available. It is quick,
safe, effective - a
MUST for every tool
caddy.
Spray Pack Mark II
is the best-priced
lubri-c1eaner.

Available at Lead ing Distributors

Learn at home in spare time.
No previousexperience needed. \

IIUVl
So costly School. No commuti ng to class. The Ori ginal
Home-Study course that prepares you for the FCC
Radiotelephone licen se exa m in you r spare time! A n
FCC Government license is vou r "ticket' t to thousands
of exciting jo bs in Communication s. Radio & TV .
Mobil e two-way. Mic rowave. Computers. Rada r. Aero 
space and more. You don't need a college degree to
q ua lify, but you do needan FCC License. No need to
quit your job or go to school! You learn how to pass
the FCC License exam at home at your own pace with
thi s easy-to-understand. proven course. It 's easy, fast
and low cost ! GUARA NTEE D PA SS You get your
FCC Licenseor rnon ev refunded. Wr ite for freedetail s.
Soon you could be on your way to being one of the
highest worke rs in the electronics field. Send for FREE
facts now, MAIL COUPON TODAY!r----------------------,
I commdnD PRODUCTiOnS I
I FCC LICENSETRAINING, Dept.90 I
I P.O. Box 2223, San Francisco, CA94126 I s::
I Rush FREE facts on how I can get my FCCLicense I ::<
I in spare time. No obligation. No salesman will call. I ~

I NAME I ~

I ADDRESS I ~
I CITY STATE----.ZIP IL__ - - - -- - - -- -- - -.-;;--. J 107
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Making our demonstration circuit do double duty

S iol CON1'ROl.S

1'RUTH 1'A6Le

"* x = DON 'T CARe:

P IN \I PIN 1& PIN ' CI P IN 2.0 OUTPUT:S OPERA"TION

X )( H x -r H RE:E
D ISABLEDS"TA'T E

L X
T H R EE

'5TANDB'(X X SiA"T E

X H x H i HRE E
O UTPUTS DISAB L EDS, A'T E

H H L L TH RE.E
WRI T ES TA, E

H L L L
TH R EE

WR IT ESTA"TE.

H L L H DATA R EAD

select anyone of the the sixtee n
possible comb inations. Th at
sounds a lot better than it really
is- bei ng ab le to do it doesn't
mean it's worth do ing .

Obviously some of our choices
are junk. Doing th ings like trigger
ing a write is a pretty useless if we
put the memory to sleep at the
same time! Let's take the contro l
pins one at a time, see w hat they
do, and dec ide what we want to do
wit h each of them .

Looking at Fig. 1-a, we see that
pin 17 switches the memory be
tween normal operation and the
low-power standby mode . If you

FIG. 1

PIN F UNCTION COMMe:NT5

17 5 TAtJDB'( HIC>H FO R "lORMAL OPE.R"'i'OI\J
CO I-.lTRo L L o W FO R STAN DB'(

18 OU T PU T L o W ,T O EN A 13L E OUT PUTS
E N A BLE H1& H TH REE S TATES OUT PUTS BUT

L E.A VES / IV PUTS £~A e,LED

19 c H II=' L OW FOR NORMA L O? ERA"TIOi'l
E N A B LE

H\ & t-\ D ISABLES E tJTI R e:: C.HI P

20 Rlw HI GH CA US E S A R..EAD

L o w CAUSE";; A WR IT E

ou r demonstration circu it. Figure
1-b is the t ruth table for t he IC
(w hich we 'l l loo k at late r).

How it works
Since the ci rcuit we're using has

a four-bit wide bus, what we' re
go ing to do is arrange things so
that our keyboard serves two pur
poses . The first is key ing in the
information to be presented to the
memory, and the second is actu
ally te lling the me mory what we
want it to do.

Since there's a separate line on
the bus for each of the memory's
control p ins, we have the abil ity to

IF 1 HAD TO MAKE A LIST OF TH E MOST

d ifficu lt things to do i n e lec
tron ics, understanding someone
else 's design would have to top the
list. Sitt ing down and studying a
comp lex schematic is a t ime -con 
sumi ng task . The drawing has to
be b roken down into ind ivid ua l
sect ions, each of which has to be
go ne th rough by itse lf.

In effect, you' re do ing the op
posite of des ign ing. The rewa rd
you get fo r the work you put in is
learn ing someth ing new. And , if
you' re lucky, you may pick up a
few tricks and shortcuts that can
be fi led away for use in your own
designs .

Using the extra latch
When we lef t off last time, I

asked if you cou ld think of any
slick tricks we cou ld do with the
extra latch we had left. Now I don 't
know if you 've come up with any
thing since then, but I threw the
question out to yo u because I al
ready had something in mind .

One neat way to simp lify a de
sign and cut down the parts count
is to make components do dou
b le , t ripl e , or even quadrup le
duty. A standard place to find th at
sort of thing is in the des ign of
keyboards . All computers, some
calcu lato rs, and even the type
writers use that techn ique to keep
their keyboards down to a man
ageable size .

Can you imagine what a type
writerwou ld be li ke if the re was no
shift key? Or a computer without a
contro l key? In any event, there 's
no reason we shou ldn't use the
same sort of t rick ourselves. Figure
1-a lists the four contro l p ins of the
5101 , the memory we' re using in
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bring it low, you 'll be putting the
IC to sleep, while holding it high
sets the IC up fo r normal opera
ti on. The 5101 and other members
of the low-power family can re
member data for a cost of only a
few microamps.

Since so little power is required,
the life of the battery you choose
to power the IC during standby
will be close to its shelf life .

There are certain timing require
ments for reliably switching over
to standby operation. And if it 's
not handled properly, the memory
wil l glitch and you 'll wind up with
garbage in stead of data. If you
want me to spend some time on
the subject, drop me a line and I'll
devote a couple of columns to it.

Pin 18 is the ENABLE control for
the outputs . If it 's made low, the IC
op erates normall y and data ap
pears at its output pins. Making it
high causes the outputs to go to its
three-state mode. Notice that pin
18 onlycontrols the outputs . You'll
sti l l be able to write to the memory
regardless of how you have that
pin set.

Di sabling the entire IC is accom
pli shed by bringing pin 19 high.
That disconnects the inputs aswell
as the outputs. However, a low will
enable them . Read and write oper
at io ns are controlled by pin 20;
read is done with a hi gh and write
is done with a low. There are very
st r ict ly d efined timing needs
wh enever you read or write to
memory.

Even though the 5101 only needs
a write pulse that's 250 nanosec
onds wide, the total write cycle
time is 450 nanoseconds. And
that's fast as far as the 5101 goes.
The slower (cheaper) lC's can have
min imum write-cycle times as
long as 800 nanoseconds!

You'll remember from so me of
ou r earli er di scussions of memo
ries in general that a whole series
of o perati o ns have to happen
when you do a read or write. The
address you put on the bus has to
be internally decoded by the
memory and the particular cells in
th e matrix have to be accessed.
Gene rat in g a write pulse befo re
the addresses have stabil ized will
result in writing to an indetermi
nate loc ation and gli t ching what
ever was th ere before .

~cG.-b I c,
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The same sort of analysisapplies
to a read operation. The only way
to be sure you're getting valid data
from the IC is to design your cir
cuit with an eye to the minimum
setup times needed by the IC
yo u ' re using. Since the circuit
we 're designing is goin g to be
manually operated , most of those
restrictions can be ignored.

If you go through all the possi
ble configurations you can have
with the control pins , you'll realize
that there are very few of th em that
serve any useful purpose. There
fore , we can immediately cut them
out. In fact, if you study the truth
table in Fig. 1-b, you'll see that
there's only one set of conditions
that will produce data at the out
puts.

Both of the enable pin s (18 and
19) disconnect th e outputs when
they're made high. The outputs
are also disconnected during a
write operation. To keep the cir
cuit as simple as possible, let's say
that we want the outputs of the IC
to be enabled all the t im e (except ,
of course , during a write) since we
want to see the results of reads and
writes as soon as they happen.
Let 's further say that we don't ever
want to put the IC to sleep.

Our choices have been reduced
con siderably because all we're left
with is the ability to read and w rite
to the memory. In fact, you' ve
probably realized by now that you
can explore as many of the pos
sibilities as. you want by simp ly
connecting th e control pins to the
output of th e latch . If you' re sati s
f ied with losing some choice s, yo u
can hard w ire th e enable pin s to
gro und and only deal with pin 20,
the READtWRiTI cont ro l .

Circuit additions
In orde r to give you as many

choices as possibl e, we' ll draw the
schematic connect ing all the con 
trol pin s of th e mem o ry to the
latch out puts. You can select or
elimi nate as many options as you
want. There are a couple of things
to keep in mind, however, w hen
you're makin g yo ur cho ices. If you
look over th e tru th table on the
data sheet, you 'll see that putting a
high or low on one pin will set th e
mem ory in a particul ar mod e re
gard less of w hat yo u do to the
other pin s. If, fo r example, you put
a low on pin 17, th e IC goes into
th e standby mod e and wo n't re
spond to anything until you wake
it up again.

There's on e more problem we
have to deal w ith . No matter how
yo u decid e to deal w ith the control
pins, we can't allow th e latch alo ne
to contro l th e READ/WR ITE pi n. If we
leave things the way they are, th e
mem o ry w i ll lock i n th e w rite
mode every ti me we select awrite.
The output of th e latch has to be
used to t rigge r some ot her circ uit
that ge nerates the actua l w r ite
pul se. The ci rcuit has to have a
no rmally high out put that can be
triggered in to producing a low
pulse w ide eno ugh to meet the
timing needs of the memory.

There are loads of ways to ac
cornplish that , bu t since we al
read y have a co up le of spa re
inverters in the ci rcuit, we can use
one of them to do th e job . Figure 2
is a part ial schemati c of ou r dem
on stration circ uit showing how to
con nect the extra latch from our
last di scussion to the 5101 memory
Ie.

The cont ro l pin s are connected
to th e latch and th e READ/WR ITE pin
is cont ro lled by a half mon ostable.
(That half mon o st abl e is made
from an inverte r leftover fro m the
4049 that formed the basis of the
cloc kin g circu it used fo r our key
board. ) Remem ber that the pulse
generated by the 4049 is inverted.
The ci rcuit p ro du ces a negative
pul se w hen it 's trigge red by a
positi ve go ing pulse at its input.

The values of the resistor and
capacitor are chosen for an output
pulsewid th of abo ut one mill isec
ond. That's lon g enough for any

continued on page 111
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NEW IDEAS
Electronic heat sniffer

for the buzzer (PB1).
The value of R16depends on the

type of LED and buzzer used. If a
3-12 vo lt buzzer ischosen, R16 may
not be necessary. The proper oper
ation of the circuit is heavi ly de
pendent on the supp ly voltage
(ie., the two reference voltages),
so the LM 317 (IC3) programmable
regulator is used. The values of R1
and R2setthe regulato r output to 5
volts .

The circuit may be bu ilt on per
forated construction board using
point-to -po int wiring. All cornpo-

Title of Idea

City State Zip
Mail your idea along with this coupon
to: New Ideas Radio-Electronics,

200 Park Ave. South,
New York, NY 10003

NEW IDEAS
This column is devoted to new ideas, cir

cuits, device applications, construction tech
niques, helpful hints, etc.

All published entries, upon publication, will
earn $25. In addition, for U.S. residents only,
Panavise will donate their model 333-The
Rapid Assembly Circuit Board Holder, having
a retail price of $39.95. It features an eight
position rotating adjustment, indexing at 45
degree increments, and six positive lock posi
tions in the vertical plane, giving you a full ten
inch height adjustment for comfortable work
ing.

I agree to the above terms , and grant
Radio-E lectronics Magaz ine the right to
publish my idea and to subseque ntly re
publish my idea in collections or compilations
of reprints of similar articles. I declare that the
attached idea is my own original material and
that its publication does not violate any other
copyright. I also declare that this material has
not been previously published.
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time to react to the heat.
IC1 (LM334) supplies Q1 with a

co nstant cu rrent that is indepen
dent of temperatu reo An LM324
quad op-amp, IC2, forms a high
input-impedance differential am
plif ier (IC2 -a, IC2-b, and IC2-c)
w it h a gain of about 99. IC2-d is
used as a voltage comparator.

When Q1 senses an rise or fall in
tem peratu re, the base-to-emitter
vo ltage decreases . That decrease
in voltage causes the input to IC2-a
at p in 3 to dev iate from the refer
ence voltage that's fed to IC2-b at
pi n 5 (wh ich is set by potentiome
ter RS).

The d ifference between the in
put and the reference is amp lified
by IC2-c. That amplified voltage is
fed to IC2-d where it is compared
to a contro l voltage set by potenti
ometer R13. The setting of R13 de
termi nes the threshold and is set at
a point that's equal to the amb ient
temperature.

The output of IC2-d at pin 14 is
fed to the base of transistor Q2 .
When the output of IC2-d is high,
LED1 lights and Q2 turns on . With
Q2 turned on, a ground path
through the transisto r is provided

MANY ELECTRON ICS EXPERIM ENTERS

and serv icemen have a habit of
using their bu ilt -i n heat sensors
finge rs-to determ ine w hether
semico nductors are alive and wel l,
o r if they're just plain dead! Whi le
using your finger gets the job
do ne (somet imes), you can also
wind up with a pretty painful burn.
Havin g become tried of toasting
my f ingers on overheated lC's and
tra nsistors, I set out to fi nd a better
way.

The result of that quest is shown
in Fig. 1, the schematic of a heat
sens ing circuit. U nl ike f inge rs,
that circu it can also be used to
track down heati ng and cooling
losses aro und windows and doors,
or even around electrical outlets.

Heat-sensing circuit
The sensing element, Q1, is a

2N3904 genera l-p urpose NPN
transisto r, although any genera l
purpose NPN unit in a TO-92 style
case w ill do. That small p lastic un it
was chosen simp ly because larger
units take longer to heat. Also,
metal -cased trans istors diss ipate
heat too rapid ly, so that the silicon
substrate may not have enough
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nents, except Q1, are mounted on
the board. Transistor Q1 is
mounted at the tip of the heat
sensing probe.

Prepare the probe by first bend
ing the leads of Q1 to a 90° angle.
While keeping the leads sepa
rated, encapsulate them in epoxy,
making sure that enough lead is
protruding so that wires may be
attached . Solder one piece of wire
across the base and collector of
the transistor, and a second wire to
the emitter. Leaving Q1 sticking
out, cover with flexible tubing.
Now connect the probe to the cir
cuit board.

To calibrate the circuit, simply
adjust R5 (wh ile monitoring with a
vo ltmeter) for a reading of be
tween 2.25 and 1.2 volts at pin 5 of
IC2-b. After that's done, the circuit
is ready for use.

Using the unit
To use the heat sniffer to deter

mine if a CMOS IC is working, for
example, br ing the probe close to
the Ie. Then adjust R13 until LED1
goes out. Now touch the flat side

of Q1 to the Ie. If the IC is working,
the heat that it produces will cause
LED1 to light and PB1 to sound . (Of
course, some malfunctioning lC's
will also produce a good amount
of heat.)

With a little practice, you should
be able to test any semiconductor
in 5 seconds or less. Since re
sistors produce much more heat in
operation than do semiconduc
tors, they are easier to check. But,
the test only shows whether the
resistor is passing current-it does
not indicate whether the resistor is
still in tolerance and passing the
correct current. If the resistor is
open, it passes no cu rrent, so it
will produce no heat, and all in
dicators will be off.

Testing for heating and cooling
losses is accomplished in the same
way. But don't forget that R13 must
first be adjusted for ambient tem
perature.

All parts for the heat sniffer
are common components , and
should all be available from local
electronics supply stores or
through mail order.-Robert Pham

DRAWING BOARD

continued from page 109

memory you can find . If you want
to change it , the period of the out
put pul se can be determined by
this formula: T = .77Re.

It's generally a good design
practice to make the write pulse as
narrow as you can without making
the operation of the memory any
less than completely reliable .
Since we're building a demonstra
tion circuit , there's no reason to
cut things that close , but by all
means change the values . The
pulse can't be too long.

Given the connections shown in
Fig. 2-a binary 8 (1000) will gener
ate a read, 9 generatesa write, 10 (a
binary A) disables the entire IC,
and 13 (a binary D) disables only
the outputs. All the keys up to 7
will put the Ie to sleep, but be
careful! To put the lC into the
standby mode, things have to be
done ina certai n order. We'll cover
that and other mysteries, and
finish up next time. R-E
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STATEOF
SOLIDSTATE
A light dimmer

ROBERT F. SCOTT,
SEMICONDUCTOR EDITOR

The heart of the new circuit is
the LS7237 monolithic PMOS
touch-sensitive light dimmer and
switch deve loped by LSI Comput
er Systems. The block diagram of
the device is in Fig. 1, and a prac
tical circuit using the device is
shown in Fig. 2.
. The output at pin 8 of the LS7237
is used to trigger a triac. The lamp
brightness is, in turn, controlled
by varying the output phase angle
(tr iac t riggering angle) with re
spect to the phase and frequency
of the AC line .

The output at pin 8 is a low-level
pulse of fixed duration (40 to 55 us)
occurring every half -cycle of the
AC line voltage. The phase angle
(8) of that pulse, with respect to
the AC line, controls the lamp
brightness. The phase angle can
be varied by applying a low-level
pulse to the SENSO R input (pin 5) or
a high-level pulse to the SLAVE in
put (pin 6). That's done by touch
ing the appropriate sensor plate .
(W hen using the SLAVE input, you
can use a mechanical push-button
or the electronic switch and sen
sor plate as shown in Fig. 3).

The relationship between out
put puls e phase angle, light level,
and brightness as a percentage of
rated wattage is shown in Table 1.
The ci rcuit can be set up to operate
in o n e of th ree different se
qu encesof brightness by tyi ng the
M ODE pin (pin 2) to a speci fic volt
age level as shown in Table 2.

W hen power is fi rst applied , the
output comes up in the OF F state.
Then each ti me the sensor plate is
touched , the output steps to the
next br ightness level .

continued on page 116

R7

q2.7MEG
SENSO R
PLATE

R3
330K

0- -
A

j. R4
470K

RS
IMEG

4

S

EXTENSI ON
""' --1
b~ :

~J L
.---__- -1--, r - -,

IELECTRON lcl
IEXTENSION I
L ..J
R6
2.7MEGSYNC

SENSE

1 02
lN4148

.....--

6

ing angle of a t riac or SCR th at is
w ired in series with a lamp. The
newest development in electronic
l igh t dimmers uses a "touch
switch" to control the light-both
to turn it on and off, and to select
the brightness level.
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ELECTRONI C LIGHT DIMMERS HAVEBEEN

used in the home and indust ry for
a couple of decades. Typically,
they are relati vely simple devices
w ith which the operator contro ls
the level of illumination by using a
potentiometer to vary the trigger-
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SERVICE

CLINIC
Resurrecting a dead TV

d ,"
JACK DA RR

checks to see if the low vo ltages
are present . If th ey are missing,
fi rst find out if the horizontal os
ci llator is runn ing. (Here is w he re a
scope comes in handy.) A malfu nc
tioni ng or dead osci l lato r can
cause all ki nds of trouble .

The osc i llators in pulse-wid t h
modu lated suppl ies are usuall y
fed a start vo ltage that "kicks" th e
oscillator into action. Once start
ed, it keeps on go ing unt il a short
pulse is applied to stop its opera
tion . If yo u f ind that the oscillator
is not doing its jo b, the problem

+130VDC

TO
YOKE

SCREEN

16

may be in th e start circu it.
If yo u' re un sure w he t he r th e

probl em is in the osci llato r o r the
start circuit, th ere are two ways to
check. First, you can moni tor the
sta rt vol tage at t urn -on . If t he
pulse is mi ssing, yo u have to t race
it back to its source and find out
why.

The othe r way of determ in in g
the cause of the malfu ncti on is to
try to start the osci llator w ith a bat
tery; about 15-20 vol ts is sufficient .
If you don't have a battery of the
right vo ltage handy (which I never

FIG.1

IC500
SYN C
PROCESSOR
HOR IZ/VERT
OSC ILLATORS

+10V START VOLTAGE

390K 430K

TP4

+10V
START
VO LTAGE

+310VDC

+130V
SOURCE

ON E O F T HE M OST COM MO N PROB

lem s t hat a TV serv iceman runs
into is the dead set-no sou nd, no
video .. .nothing.jvt any of us have a
habit of thinking that the dead-set
condition was a lot easier to cor
rect in the "o ld days." In a sense, it
was. But, if t he right approach is
taken, the newer sets are no more
d iff ic ult t o repa ir than t he ol d
tube-types were .

Repairing modern TV's
In the old days , a comp lete ly

dead set usually meant t hat there
was a fau lt of some kind in the
power supply. But, what about the
newer sol id-state sets? Not h ing

.has changed: W hen a set quits
co ld, it almost certain that some
im portant power-supp ly compo
nent h as packed i t in . (Now,
doesn ' t t hat sound just like the
o lde r ones?)

Of co urse , you' ll f ind new
th ings in the power supply, like
pul se-w idth mod ulated ci rcu its,
but t hey 're just as easy to service
as any ot he r circu it . By using the
same test ing procedure that you
used fo r tube-type sets, you can
find the trouble in no time at all.
The on ly essential th ing is to make
sure that the horizontal osci lIato r
is running .

Figure1 is a block diagram of the
Switched Mode Power Supp ly
(SM PS) found in the Sylvania C3
colo r TV. The SMPS processes the

(/) horizo ntal signal fo r the sweep
~ system, and drives high-voltage
~ stages . It also drives a separateo stage that provides all the low DC
~ voltages fo r operation of the chas
6 sis.
o In troub leshooting the SMPS, all
(f you need to do is make a few quick
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do), a bias box can be used. A bias
box is simply a small DC power
supp ly.

Using the external supply, check
to see that the horizontal oscillator
starts to run when the proper volt
age is applied to it . And be sure
that it cont inues operating after
the start voltage is removed . If the
oscillator performs properly, your
start circu it is not work ing . Al
though you may find several varia
t ions of the start ci rcu it, they are
general ly not comp licated. Some
of them simply charge a capacitor,
and discharge it across the os
ci llator to prov ide the start vo ltage .

If there is a malfunction in t he
start circu it, you'll have make sure
that the DC voltages der ived d i
rectly from the AC lin e are present.
Usually there wil l be a half-wave or
full-wave rectifier along with other
components con nected direct ly
across the AC line.

In add ition , many of the newer
sets are not chassis types, so an
isolation transfo rmer should al
ways be used .

Dead set causes
Perhaps the most common

cause of a dead set is lightning.
Solid-state sets are extremely vul
nerable to sudden power surges in
the AC line. If lightning strikes the
power line anywhere within a mile
of your home, large instantaneous
peaks will be generated in the
power supply. That's almost cer
tain to damage transistors and any
other solid-state device in the set.

Those surges can blow out sev
eral transistors at the same time.
So, if you find a sho rted transistor
in t he circuit , t here is a good
chance t hat there are several
others near by. Often a shorted
component causes the next in the
series to go down the tubes. (I
think my record is eight at once,
but one good jolt of lighting can
do a lot more damage than that .)

Also look for signs of arcing
around the AC line plug, antenna
terminals, etc. If you find any in
dication of arc ing you may be in
for a never-ending search for
damage of all kinds. But , for-

tunately (for city dwellers, that is)
that type of damage is more often
found in rural areas. That 's be
cause the power lin es are in the
open and are longer, so they make
a much better target for lightning.

One thing that can be done to
provide some degree of protection
from power-line surges is to put a
fast-actin g Metal Oxide Varistor
(MOV) across the line. By placing
an MOV across the AC-line con
nection on the chassis, fairly-se
vere power surges can be atten u
ated before they get into the set.

Also, don't be lulled into think
ing that lightning arresters stop
lightning. Plenty of damage can be
done in the few split m icrose
conds before an arrester opens up.

When repairing any electron ic
device (not just TV's), always check
the DC power supply first, since
it's the stage where a part is most
likely to be damaged. Also , it is a
good idea to get used to checking
everything: individual stages,
components, and even the line
cord . R-E

Another A.W. Sperry Instruments first! 0 n
combines the precision of 4112 digit readings with a f
wanted features you've been looking for. We've even i'ncl
built-in frequency counter (up to 200KHz)! With 9 functions a
33 ranges, the AWSDM·7010's expanded capability can't be b~

And that's not alll Included among the special functions built
into the DM·7010's small, self-contained housing are: conductance,
diode test and an instant audible continuity check. The DM·7010
has a basic DC Volt accuracy of 0.05% and loads of built-in
safety features.

You'd expect to pay $300 or more for an instrument boasting this
kind of performance, yet the AWS DM·7010 can be yours for a low
$1701 Now there's no need to pay more for the accuracy and qual
ity you need in a DMM.

For more information, call your distributor or A.W. Sperry Instru
ments, Inc.. P.O. Box 9300, Smithtown, N.Y. 11787.800·645·5398
Toll·Free (N.Y.. Hawaii. Alaska call collect 516-231-7050).

A.W. SPERRY INSTRUMENT
I See Us at EDS '85, Booth D3

CIRCLE "50 ON FREE INFORMATION CARD
<D
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STATE OF SOLID STATE TABLE 1 EQUIPMENT REPORTS

Mode Mode Brightness sequence
input

o V55 Off- Max-QH
1 VDD Off-Mood-Med-

Max-Qff
2 Floating Off-Night Light-

Mood-Med-Max

Semiconductor data book
The RFand Power Semiconduc

tors Data 800k from TRW contains
over 600 pages of electrical speci fi
cations, per formance parameters,
and photograph s of nearly 400
semiconductor devices. The semi
conductor devices covered in the
da t a book include Zener and
Schott ky diodes, microwave t ran
sistors, and hybrid amplifiers for
CATVand VHF-UHF linear applica
ti on s. A valuable aid in selecting a
suitable device for a particular ap
plicati on. Available from Market
ing Servi ces, RF Devices Div., TRW
Elect ronic Components Group,
14520Aviat ion Blvd. , Lawndale, CA
90260. R-E

the extension touch plate is not
used, tie pin 6 di rectly to ground at
pin 7.
• Resistor R5 sets the sensitivity of
t he sensor input. Select avalue be
tween 1 megohm and 5 megohms.
• Capacitor C3 is the filter for the
internal PLL.
• Diode D2 limits the positive
swing of the t riac gate to Vss + 0.5
volt . That positive swing may occur
in some triacs when they are trig
gered.
• Inductor L1 and C1 form an RF
f ilter to suppress RFI developed by
the triac.

The LS7237 IC is available from
the manufacturer, LSI Computer
Systems, Inc. , 1235 Walt Whitman
Road, Melville, NY 11741 at $3.40
each in lots of 1 to 24 pieces. Be
sure to add $5.00 for shipping and
handling. New York state resi
dents add sales tax. A data sheet is
avail able from the manufacturer
upon request.
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continued from page 42

Mall to: Radio-Electronics
SUBSCRIPTION DEPT., P.O. BOX 2520,

BOULDER,COLO.~

tion is also built into the unit.
About the only complaint we

have with the 823A is its brief doc
umentation. Mirage supplies a
short pamphlet that describes how
to set up the amplifier, bu t it treats
you as if you were an appliance
operator, as opposed to a radio
amateur who might want to get in
side the piece of equipment and
work on it. There is a schematic
diagram included, but there is no
other technical information avail
able. We only wish thattheywou ld
include in the manual a section
dealing with the theory of the
823A's operation.

Still , the Mirage 823A is a good
unit. It has a one-year warranty on
the final transistor package and a
five-year warranty on the rest of
the unit. So if you're an amateur in
search of a good amplifier, take a
look at the Mirage 823A , you 'll like
what you see. Oh, by the way, our
first 823, which has a very low se
rial number is still working well
after 4Y.z years. R-E

Percent
rated

wattage
o

9%
29%
66%
99%

Brightness
levels
Off
Night light
Mood light
Medium
Maximum

TABLE 2

Output phase
angle (6)
No output
450

700

1050

1590

01
18V
ZENER

Rl
220ntlW

continued from page 112

A practical circuit
Let's now return to Fig. 2 and see

how the components of the basic
ci rcu it fu nction.
• Diode D1, R1 , C2, C5, and Zener
diode D3 deliver a regul ated + 15
volts to the Vss terminal of the de
vice .
• Network R2-C4 feed s a filtered
60-Hz signal into the dev ice to syn
chronize the inte rnal phase-lock
ed loop ( PLL) with t h e line
frequency.
• Resistors R3 and R4limit current
in the event that the extension cir
cuit is incorrectly polarized. Wh en

All input t imings for the LS7237
are synchronized with the AC line
wh n thi s 50/60-Hz source is tied
t the SYNC HRO te rmina l (pin 4)
through a suit able lowpass f ilte r
network (R2-C4).

FIG. 3

Low-level negative-going pulses
applied to pin 5 ofthe LS7237-the
SENSE input-cause the circuit to
step the lamp through the se
quences of brightness as de ter
mined by the voltage on the MODE

terminal. Output stepping occu rs
on the trailing edges of the input
pulses.

The function of pin 6, the SLAVE

input, is similar to the SENS E input
except that it operates on po siti ve
going pulses instead of negative
one s. It is to be used when long
extension cables are used be
tween the sensor plate and the
dimmer circuit. In such a case, the
electronic exten sion and exten
sion plate circuit, who se sche
matic is shown in Fig. 3, should be
used.
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o
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FIG. 14-IF YOUR OUTPUT PORT has enough
lines to control the motors, then you can bypass
the decoder. This circuit will make sure that you
don't burn out your transistors. It shou ld be
wired between the outp ut port and the inverters
that drive the transistor switches.

TABLE 3-KEYBOARD CONTROL

o REM' KEYBOARD CONTROL OF
ARM JOINT MOTIONS '

1 POKE 37138,255:POKE 37136,0
2 DIM F(6),R(6)
3 FOR J = 1 TO 6:READ F(J):NEXT J
4 FORJ =1 T06:READ R(J):NEXT J
5 PRINT"INPUT JOINT NUMBER"
10 INPUT J
11 IF J =4 THEN L = 1
12 IF J =3 THEN L = 2
13 IF J =6 THEN L = 3
14 IF J = nHEN L =4
15 IF J = 2 THEN L = 5
16 IF J =5 THEN L=6
17 KF =2*L-1 :KR=2*L
20 GET A$:IF A$ = ""THEN 20
25 IF A $ = "F'T HEN GOSUB 100
26 IF A $ = "R"THEN GOSUB 200
30 IF A $ = "S'T HEN END
35 IF A $ = "J'T HEN 5
40 GOTO 20
100 IF PEEK(197)< >42 THEN 111
106 POKE 37136,KF
107 FOR 2 =1 TO F(J):NEXT 2
108 POKE 37136,0
109 FOR Z = 1 TO 1:NEXT 2
110 GOTO 100
111 POKE 37136,0
115 RETURN
200 IF PEEK(197)< >10 THEN 211
206 POKE 37136,KR
207 FOR Z =1 TO R(J):NEXT Z
208 POKE 37136,0
209 FOR Z =1 TO 1:NEXT Z
210 GOT0200
211 POKE 37136,0
215 RETURN
300 DATA7, 7,15, 15, 75, 75
310 DATA12, 12, 12, 12, 75, 75

FROM TWO BITS
OFCOMPUTER
OUTPUT PORT

TO MOTOR
CONTROLLER

CIRCUIT

Using your robot
When putting your robot to work, keep

in mind the following rules that were pro
posed by Isaac Asimov, in 1950. 1) A
robot may not harm a human being or
allow a human being to be harmed . 2) A
robot must obey the orders given it, unless
the orders violate the first rule . 3) A robot
must protect itself as long as it does not
violate the first and second rules . Keep
those rules in mind and have fun with your
robot! R-E

The programs we've showed you so far
have moved one joint at a time . However,
it is possible to move more than one joint
simultaneously. That's of interest to us
because we, as humans, move our joints
in what is known as coordinated motion .
You can experiment with different com
binations of joints to see what kind of
overall motion can be achieved.

The controller circuit we showed you
before would be of no use because only
one line of the decoder can be active at a
time. However, if your computer has an
output port with 12 output lines , you can
control the motors directly without the
decoder. Remember, however, that if both
the forward and reverse control lines for a
motor go low at the same time, the tran
sistors will be burned out. The circuit
shown in Fig. 14 is a simple interface
between the computer and motor control
ler that prevents that from happening.

o REM * AUTOMATIC
DEMONSTRATION OF ARM JOINT
MOTIONS *

1 N =10
2 DIM F(6),R(6),L(6)
3 FOR J = 1 TO 6:READ F(J):NEXT J
4 FOR J = 1 TO 6: READ R(J):NEXT J
5 POKE 37138, 255:POKE 37136,0
6 FOR J = 1 TO 6:READ L(J):NEXT J
9 INPUT A$:IF A$ = "0 " THEN 100
10 PRINT"INPUT JOINT NUMBER"
11 INPUT J
20 GET A$:tF A$ = "'THEN 20
21 IF A$ = "D'T HEN 100
25 IF A$ = "F'THEN

KF = L(J)*2 - 1:GOSUB 1000:
GOT020

30 IF A$ = "R'THEN
KR = L(J)*2 :GOSUB 2000:GOTO 20

35 IF A$ = "J"THEN 10
40 IF A$ = "S'T HEN END
45 GOT020
100 FOR 1=1 TO 2
101 FOR J = 1TO6
105 IF 1=2 THEN 120
110 KF =2*L(J) -1:GOSUB 1000
115 GOT0130
120 KR= 2*L(J) :GOSUB 2000
130 NEXT J
135 NEXT I
140 GOTO 10
1000 FOR T = no N
1005 POKE 37136,KF
1010 FOR 2 = 1 TO F(J):NEXT 2
1015 POKE 37136,0
1020 FOR 2 =1 TO 1:NEXT Z
1025 NEXT T
1030 RETURN
2000 FOR T =1 TO N
2005 POKE 37136,KR
2010 FOR z =no R(J):NEXT 2
2015 POKE 37136,0
2020 FOR 2 = 1 TO 1:NEXT 2
2025 NEXT T
2030 RETURN
3000 DATA12, 12, 15, 15, 75, 75
3005 DATA12, 12, 15, 15, 75, 75
3010 DATA4, 5, 2, 1, 6, 3

TABLE 1-AUTOMATIC
DEMONSTRATION

PARTS LIST

Othe r components and materials
S1-SPST switch
S2-SPDT switch
M1-M6-DC motors (6 volts)
B1-B11-1 .5 volts, "0" cells
Armatron robot

Semiconductors
IC1-IC4 , IC6-IC9-7404 hex inverter
IC5-74154 4-to16 line decoder.
LED1-LED3-Standard red LED
Q1--Q12-2N2907

Resistors
R1-R3-220 ohms, Y4 walt, 10%

Mi scellaneous: Battery holders, motor
shafts, IC sockets, breadboard,edge con
nector for your computer port, etc.

continued from page 53

ROBOT ARM

To finish assembly of the system ,
mount the electronic interface in front of
the Armatron on the base . Connect the
motor leads to the inte rface . Finally,
mount the battery packs to the base.

Software for control
The demonstration program, shown in

Table I, was written to direct the computer
to move the robot arm automatically
first rotating the entire arm (joint I), rais
ing the shoulder (joint 2), bend ing the
elbow (joint 3), bending the wrist (joint
4), rotating the wrist (joint 5), and closing
the gripper (joint 6). After the robot does
those steps, it will do them again-but in
reverse . The demonstration program is
written in BASIC. Pressing " D" from the
keyboard will exercise the joi nts in se
quence . Pressing "J " will result in the
computer asking for a joi nt number from
one to six. Pressing " F" or "R" will
cause the joint to move forward or reverse
respective ly. Finally, pressing'S ' stops
the program .

That program, as well as the other to
follow, uses the user port of the VIC-20 at
memory location 37136. Since we are not
inputting informat ion, we must POKE the
number 255 into memory location 37138
(POKE 37138,255). Each jo int must be
turned on for a different length of time in
orde r to perform the demons tratio n.
Those on-times are stored in arrays DF
and DR and can be changed if you desire .
Because the order in which the motor con
trollers were wired to the decoder was
different than the order of the joints, a
software transformation had to be made as
indicated in data statemen t 3010.

The second program, shown in Table 3,
controls the join ts through the keyboard.
Key"]" will ask for ajoint number. Press
ing keys "F" or "R" will move a joint
forward or reverse as long as the key is
being pressed . Pressing "S" will end the
program.
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BREATHING

continued from page 56

available spirometer makes use of a popu
lar home computer and gives a printout of
normal and measured values for over a
dozen parameters. Many spirometers are
portable and microprocessor controlled .

Artificial respiration
Electronically controlled respirators

are available in most hospitals in this
country to assist the breathing of persons
who are unable to breathe on their own.
Conditions that sometimes make artificial
or assisted respiration necessary are head
injury, drug overdose, heart failure, severe
asthma attacks , pneumonia, chest injury,
and anesthesia.

A respirator must provide a controlled
volume of air over a reasonable time.
Modem respirators allow you to control
the volume of air, inspiratory time, ex
piratory time, maximum allowable pres
sure, percentage of inspired oxygen in the
air, temperature , and humidity.

If the patient is breathing fairly well and
just needs a little help, the respirator may
"assist" breathing by adding a little extra
volume to each breath taken. Or, the respi
rator may add an occasional deep breath.
In other cases, the respirator may need to
take over breathing completely.

The device known as the "iron lung" is
not used much anymore. It caused in
spiration to occur by applying a negative .
pressure to the outside of the chest wall.
Exhalation was caused by the natural re
coil force of the lungs when the pressure
was returned to normal (normal, in this
case , is the local atmospheric pressure).
Taking of blood pressure, washing of the
skin, and doing anything else that re
quired contact with the body was done
during exhalation when the pressure on
the body surface was normal. That made
any procedure difficult .

In the 1940's and 1950's "positive pres
sure ventilation" (blowing air into the
lungs under pressure) became popular in
anesthesia. That development paved the
way for modem respiration techniques .

Most respirators in use today are at
tached to a tube that is inserted through
the patient's nose or mouth and into the
trachea . Positive pressure is applied to
inflate the lungs . The pressure normally
returns to normal during exhalation.

Respirators can be set so that the pres
sure does not drop all the way to at
mospheric pressure, but instead returns to
some positive pressure during exhalation .
That allows more oxygen to be absorbed
by the lungs and is called CPAP (Continu
ous Positive Airway Pressure) or PEEP
(Positive End Expiratory Pressure).
CPAP and PEEP requires less oxygen' to
be inspired to achieve a given level of
oxygen in the blood . R-E

CORDLESS PHONES

continued from page 80

narrow down the cause of a failure.

Ring test analysis
The ring test is performed by first in

serting the telephone line into the tele
phone line simulator with ring generator
attached (and plugging the cordless tele
phone power cord into an AC receptacle).
Leave the portable unit in standby (on
hook). Next, set the ring generator-volt
age to 100 volts RMS . The ringer (buzzer
or speaker) on the portable unit of the
cordless telephone should sound.

Let's see what that test shows us. In
ringing, the 20-Hz ring generator applies
a 20-Hz ring signal to the telephone line.
The 20-Hz ring detector recognizes it and
turns on the base-unit RF transmitter and
modulates the RF carrier with a ring sig
nal (typically, a frequency in the 700- to
1500-Hz range). The portable unit re
ceiver detects the RF signal. A narrow
band filter detects the correct ring fre
quency and feeds an audio tone to the
speaker. Many cordless telephones use
the same speaker used in voice communi
cation . However, some cordless tele
phones actually use a separate buzzer. If
the telephone rings, all of those circuits
are operating.

If the ring test is successful, gradually
reduce the ring voltage and note the ap
proximate voltage at which ringing stops .
Some cordless telephones may ring with
the ring voltage set below 45 volts , which
is excellent. Most cordless- telephones
will stop ringing below about 45 volts,
and should be considered normal. If the
ringing threshold is higher that 45 volts,
some additional troubleshooting checks
should be made in the 20-Hz ring detector
circuit of the base unit.

Most base units have a CALL button that
can be pressed to ring the portable unit
without the 20-Hz ring signal applied to
the telephone line. If the ring test was not
successful , press the CALL button on the
base unit and note whether the ringer in
the portable unit now sounds . The CALL

button normally activates the base-unit
RF transmitter and applies ring-signal
modulation, causing the portable unit's
ringer to sound. In that case, there is no
ring signal applied to the telephone line
and the ring detector circuit is not used .

If the ringer now sounds, we have iso
lated the problem to the telephone cord or
the 20-H z ring detector. If the ringer does
not sound, we know that the base-unit RF
transmitter or portable-unit receiver are
probably the cause. The ring test pro
cedure is summarized in Fig. 4. That's all
we have room for now. Next time , we'll
continue our look at troubleshooting
cordless telephones by examining the rest
of the operational tests. R·E
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fier (usually the ground terminals). An
ohmmeter may be helpful here . Then con
nect the common terminals of the ampli
fier to the ground terminals of the protec
tion circuit. Caution: The circu it should
not be used with any amplifier that cannot
accept common connec tion of the left and
right speaker grounds . For most commer
cial amplifiers that's not a problem; but if
you are unsure, consult your owner's man
ual or the amplifier's manufacturer.

Connect the positive (+) outputs of the
amplifier to the left and right inputs on the
unit. Occasionally the bottom -most LED
on one or the other chan nel will remain
lighted with no input to the speakers. If
that happens, first disconnect the ampli
fier and ground the unit's inputs . If that
turns the LED off, there may be a small
amount of DC at your amplifier's output
terminals.

Should that be the case , have your am
plifier serviced immed iately to save wear
and tear on your speakers. If the LED
stays on with the inputs grounded and S2
set to RUN , there may be a proble m with
Ql, Q2, or anyone of diodes Dl-D4.
Normal variations among inex pensive
components may cause that condition; the
simples t solution is to replace those com
ponents in the affected channel.

While the unit should prevent mos t
forms of speaker damage, please do not
use it as an excuse to abandon all caution
in using your stereo. R-E

continued from page 76

POWER METER

Using the device
First, determine whic h speaker-output

terminals are common between the left
and right channe ls of your power ampli -

in Fig. 4.
Dry-transfer lettering may be used to

mark power levels associated with each
LED and give a professionally-finished
appearance. It 's also a good idea to mark
the left and right output and input con
nector s as well .

Now run a sing le lead between all
ground termin als of the output and input
connectors to a ground point on the PC
board . The "hot" terminals are connected
as shown in Fig. 3.

The convenience out lets are wired to
gether in para llel. The neutral terminals
are connected to the green wire of the
power cord; under no circums tances
should neutral be connected to the PC
board or chassis ground. Check the wir
ing and make sure all diodes, capac itors,
and Ie's are in the proper place and cor
rectly oriented . Be especially careful
ahout the power connections.

Test and calibrat ion
With the power switch turned off, set

S2 to the RU N position and plug in the
power cord and tum on the power. LED
21, the protectio n lamp, should come on
for a few second s and then go out. As the
LED goes out, you should hear the relay
click as it closes .

Place S2 to the SET position . One left
channel LED should light. Adjusting R25
should change which LED is on . If the
unit doesn 't operate as expected, remove
power immediately. To aid in trou 
bleshooting, nominal operating voltages
at various test points through out the cir
cuit are shown in Fig. 1.

The only calibration necessary is done
using R24 and R25. Note: For calibration,
it is important that you know the continu
ous power-handling capability of the
speakers to be connected; contact the
manufacturer for that information.

Set R25 to about mid-range and tum
R24 all the way in one directio n until the
relay opens and LED2llights . Now rotate
R24 all the way in other direction (the
relay should close) . With S2 still in the SET

position , adjust R25 until the LED corre
sponding to the power handling capability
of your speakers just turns on.

Wait several seconds and turn R24 until
you hear the relay click open and you see
LED2l tum on . Waiting several seconds
ensures that the protection circuit turns on
only after sustained high -power levels and
not during large transients. Now set S2 to
the R UN position, and the unit is ready for
connection to your system.

CIty Slate Zip _
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sex program .
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FIG. 21-HERE, when the switch is clo sed , the
output of the circu it is kept low. When it is
open ed, the ci rcui l acts as a noninverting buffer.
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FIG. 22-NOTE THE DIFFERENCE in " polari ty"
between the output of this NOR-gat e circuit , and
the NAND-gate circ uit of Figs . 19 and 20.

their associated input/output waveforms.
The circuit in Fig. 19is based on the NAND

gate and is inverting. while that in Fig. 21
is based on the NOR gate and is noninvert
ing. In both cases. one input of the gate is
controlled by a switch. while the other
serves as the signal input. In some cases,
the switch and pull-up resistor are re
placed by a logic level from some other
circuit. Thus. our electronic switch can be
controlled either manually or digitally.

The inverting circuit shown in Fig. 19is
based on the two-input NAND gate (such as
the 7400). One input is connected to a
grounding switch and a pull-up resistor.
When SI is closed. the NAND input is kept
low so the output is held high. But when
51 is opened. the input is high and the
output will follow the signal input in the
manner of an inverter. Its operation can be
seen by examining the input/output wave
forms shown in Fig. 20.

Figure21showsa similar circuit using a
NOR gate. Note that the "polarity" of the
signals is reversed (reflecting the dif
ference between NAND and NOR), but oth
erwise the operation is similar. The
operation of the circuit can be seen by
examining the input/output waveforms in
Fig. 22.

Next time , we' ll turn our attention to
how to interface digital circuits to each
other, and to the "outside world." R-E

R1
2.2K

FIG. 19-AS LONG AS S1 is closed, th e output of
the NAND gate is kept high. When the switch Is
opened , the circu it acts as a simple inver ter.

INV
~ NONINV

S1 1

DIGITAL re-s

Sl I
I I

I N P UT~
___.....1 r..- _

OUTPUT lIUlfU
FIG. 20-THESE waveforms show the ope ration
of the circuit shown in Fig . 19.
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continued from page 96

is closed. however. the gate input is low.
Figure 18 shows the input/output wave

forms for that circuit. From time t1 to ts
the switch is closed. so the circuit oper
ates in the inverting mode. Thus. the out
put pulse is high when the input is high,
and low when the input is low. From ts to
t9 • however, the switch is open. so 'the
circuit operates in the inverting mode.
Here. we see a high output for low inputs
and vice-versa.

Figures 19. 20. 21. and 22 show two
forms of electronic digital switch and

I
I

S~ I
L...;..., -':"1-;'1-'1-1 I

I I I I I I I I
INPU~

I I I I I I I I I
I I 1 I "I I I I I

OUTP~

I I I I 1 I 1 I I
I I I I I I I I
I I I I I I I I I

11 12 13 14 IS 16 17 IS 19

FIG. 18-THE INPUT AND OUTPUT WAVE
FORMS for the ci rcuit shown In Fig. 17.

FIG. 17-THE SETTING OF SWITCH S1 deter
mines whe ther this buffer is inverting or non in
verting.

If you thought
•groWing up

was tough,
try growing up

witJl Cerebral Palsy.
W ith early intervention and

proper treatment, tens of thousands of
chi ldren w ith Cerebral Palsy grow up
to lead fu ll, productive lives.At Un ited
Cerebral Palsy, we' re working to give
these kids whatever it takes for them
to develop to thei r fu llest potential.
Braces to help them wa lk. Therapy to
strengthen them. Recreational pro
grams to bui ld spirit.

Making ch ildhood a time of
growth, progressand hope is a pretty
good cause. But we can't do it alone.
Can we count on you?

UNITED rg>
CEREBRAL PALS~ ~

Give till ithelps.
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MARKET CENTER

C LASSIFIED AD O RD ER FORM

Torunyour ownclassifiedad,put onewordon each of the lines belowandsendthis formalong with yourcheckto:

Radio-Electron ics Classified Ads, 200 Park Avenue South, N.Y., N.Y. 10003

PLEASE INDIC AT E in which categ ory of class if ied advertising you wi sh yo ur ad to appear. For
special heading s, there is a surc harge of $20.00.
( ) Plans/Kit s () B us iness Opp ortunit ies () For Sal e
( ) Edu cation/ Instruction () Wanted () Sate llite Tel evision
( )

Special Category: $20.00

PLEASE PR INT EACH WORD SEPARATELY, IN BLOCK L ETT ERS.
(No refunds o r ce rdi ts fo r ty pesetting errors can be made unl es s yo u cle rly print or type your
copy.) Rates indi cated a re for standard st yle classifi ed ads only. See below fo r additi ona l
charges for specia l ads. Minimum: 15 words.

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($37.50)

16 ($40.00) 17 ($42.50) 18 ($45.00) 19 ($47.50) 20 ($50.00)

21 ($52.50) 22 ($55.00) 23 ($57.50) 24 ($60.00) 25 ($62.50)

26 ($65.00) 27 ($67.50) 28 ($70.00) 29 ($72.50) 30 ($75.00)

31 ($77.50) 32 ($88.00) 33 ($82.50) 34 ($85.00) 35 ($87.50)

We accept MasterCard and Visa for payment of orders. If you wish to use yourcredit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Card Number Expiration Date

Signature
IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUTTHIS INFORMATION WILL NOT BE ACCEPTED.
CLASS IFIED COMMERCIAL RATE: (for firms or individuals offerin2 commercial products or services)
$2.50 per word prepaid (no charge for zip code)...MINIMUM 15 WO DS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to bu600r sell a personal item) $2.00 per word, preraaid....no minimum. ONLY FIRST
WORD AND NAME set in Id caps at no extra charge . Additional bold ace (not available as all caps) 50C
per word additional ~O% gremlumJ' Entire ad in boldface, add 20% prem ium to total~rice . TINT
SCREEN BEHIND EN IRE D: add 5% premium to total price. TINT SCREEN BEHIND NTIRE AD
PLUS ALL BOLD FACE AD : add 45% ~remlum to total~rice. EXPANDED TYPE AD: $3.75~r word
~re~ald. All other items same as for STA DARD COMME CIAL RATE: TINT SCREEN BEHIN ENTIRE

X ANDED TYPE AD: add 25% ~remlum to total price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FAC AD: add 45% premium to total price. DISPLAY ADS : 1" x 2V4"-
$270.00; 2" x 2V_$540.00; 3" x 2V4"-$810.00. General Information: Frequency rates and pr1Ja~ment

discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTIS M NTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLI ES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 15th of the third
month preceding the date of the issue. (i.e., AU3ust issue copy must be received by May 15th). When normal
closing date falls on Saturday, Sunday or Holi ay, issue closes on preceding working day.

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assem
bling electronic devices. Sales handled by profes
sionals. Unusual business opportunity.

FREE: Complete illustrated literature
BARTA. RE-O Box 248

Wainul Creek. Calif. 94597

-.

AMPEX professional series open reel tape, 1800-or
2400-feet on 7-inch reels, used once. Case of 40,
$45.00. 10Y.! x 3600 feet and cassettes available.
MasterCardNisa. VALTECH ELECTRONICS, Box
6-RE, Richboro, PA 18954 (215) 322-4866.

REEL-TO-REEL TAPES

INVENTIONS, ideas, new products wanted! Indus
try presentation/national exposition . Call free
(1·800) 528-6050. Arizona, (1-800) 352-0458. X831.

OLD tubes unused and boxed. Send your stocklist.
TSUTOM YOSHIHARA, C1-105, Deguch icho-34,
Suita, Osaka 564, Japan.

WANTED

LATEST computer books , Ata ri , App le, Com
modore, IBM languaQes, wr ite HENRY TOR·
RALVO, Box 46145, Philadelphia, PA19160.

MASTERCARD AND VISA are now accepted
for payment of your advertising . Simply
complete the form on the first page of the
Market Center and we will bill.

FCC license test primer computer program. Learn
General Radiotelephone License Q & A's the fun
and easy way on the Apple II, IBM and Commodore
PC's. Specify make and model, $34.50. ACETEST
SYSTEMS, PO Box 266, Savage, MN 55378.

BIG money hitech jobs. Learn electronics drafting.
Details free. GRAYTECH, Box 924, Belchertown,
MA 01007.

LEARN how to use a computer. Train at home in
spare timel No previous experience needed! Learn
computer programming, computer applications and
operations...even computer games. Use hundreds
of programs already available or learn to write your
own. Experts explain everything in easy-to-under
stand tanquaqe with step-by-step directions.Call for
free facts11-BOO-862-6262, extension 56 or write
ICS COMPUTER SCHOOL , Dept. DEC75, Scran
ton, PA18515.

BURGLAR alarms-booming business. Get In
now. Information package $2.00, DYNAMIC SE
CURITY, P.O. Box 1456-W, Gra nd Rap ids, MI
49501.

DEALERS wanted: Channel 2, 3, and 4 notch fil
ters . Money back gua rantee. Send $15.00 for
sample and quantity price list. Specify channel(s).
GARY KURTZ, P.O. Box 291394, Davie, FL 33329.

CABLE TV

PROJECTION TV...Make $$$'s assembling proj
ectors ...Easy...Results compa rable to $2,500.00
projectors ...Your total cost less than $20.00...
Plans, 8" lens & dealer's information $17.50... lIlus
trated information free ... MACROCOMA GIX,
Washington Crossing, PA18977. Creditcard orders
24 hours (215) 736-2880 .

EDUCATION & INSTRUCTION
F.C .C. Commercial General Radiotele
phone .License. Electronics home study.
Fast, inexpensive! "Free" details . COM
MAND, 0-167, Box 2223, San Francisco, CA
94126.
POCKET cQmputer user? Free sample !
POCKET COMPUTER NEWSLEmR, Dept.
RE, POB 232, Seymour, CT 06483.

Highly Effecllve Home Study BSEE Degree Pro
gram for Experienced Electronic Technic ian s
Our New Advan ced Placement Program g rants

~
,: Credit for previou s Schooling &.Professional ex

perience. Adv ance Rapidly! Our 40th Year1
/ FREEDESCRIPTM lITERATUREI

Cook's Instltule of Electronics Engineering
P.o. BOX20345. JACKSON. MS 39209

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

BUSINESS OPPORTUNITIES

MECHANICALLY inc lined individuals des irin(l
ownership of small electronics manufacturing bUSI
ness-c-wltriout investment. Write : BUSINESSES,
92-R, Brighton 11th, Brooklyn, NY 11235.

us$8.00 including disk thousand name brand pro
grams for Apple IBM-PC details, RELIANT, P.O.
Box 33610, Sheungwan, Hong Kong.
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PLANS AND KITS

CATALOG: Hobby, radio broadcasting, CB, lowfers.
Transmitters, Iinears, active antennas, converters,
scramblers, bugging devices, more! PANAXIS, Box
130-F5, Paradise, CA 95969.

DIGITAL Klock Kit plays l -of-12 melodies each
quarter hour. Displays time, date, and other fea
tures. Send $2.50 for assembly plans and pricing to
KERBER KLOCK 1<0., 36117 Hillcrest, Eastlake,
OH44094.

SATELLITE syste ms $595.00 up. Information
$1.00. STARLINK,INC., 1122Park Plaza, Suite 41,
Huntsville, AL 35801.

SATELLITE TELEVISION
SATELLITE-TV receiver breakthrough! Build
you r own system and save! msnuetlcn man
uals, schematic s, cir cu it boards! Send stamped
envelope: XANDI, Box 25647, Dept. 21L, Tempe,
AZ 85282.

SATELLITE Locator Program; IBM-PC and com
patibles. Aim your dish accurately,diskette, manual:
$15.00. DMA SYSTEMS, Box 606, Londonderry
NH 03053. •

800 megahertz converter, easy set-up, commonly
available parts used on Scanner PRO 2020, plans
$7.95, send money order to PAUL DANA, 381
Woodstock Ave., Staten Island, NY 10301.

SATELLITE Television information service. 104
channel program guide, existing satellites, satellite
launchings next few years, basic system theory,
recommended dish sizes, LNA's. Send $2.50 to
SAT/FLORIDA INFO. 2910 SE 19 Ave., Gainesville,
FL 32601.

PCB for Satellite Stereo Prolect in October article
is now only $15.00. JIM RHODES, INC., 1025 Ran
some Lane, Kingsport, TN 37660.

ROBOTICS- Inexpensive computer control, bare
boar ds , kit s, for ZX81 , TS1000 . BUDGET
ROBOTICS, Box 18616, Tuscon, AZ 85731.

TRIP LE output power supply for under $50 .00.
0·25v. 5v. 12v, all 1 Amp. Send $9.95 for complete
instruction s and P.C , board to CAS ELEC
TRONICS, 1559·J Amar Road. Suite 457, West
Covina, CA91792.

EASY to bu ild curve tracer-con nects to os
cilloscope. Tests components in or out of circuit.
Plans $3.00, G.J. ENTERPRISES, P.O. Box 29,
MUkwonago, WI 53149.

TUBES - OVER 2000 TYPESl

~
DISCOUNT PRICES

.•: Parts, supplies, and literature for
~ tube type radios, inlcuding early and
II hard-to-fin d tubes.
" • Send $1.00 for 24 pag e wholesale catalog .

ANTIQUE ELECTRONIC SU PPLY
1725 W Umvetsrry • Tempe Anzona 85281 • (602) 894 -9503

KITS! Sound effects generator, capacitance meter,
C64 drum machine, stereo scratch filter, and more.
Semi-asse mbled and tested . Free iit erature .
GRAYCO, 1024 Lancer, San Jose, CA 95129.

TV Stereo Decoder plans-This is not stereo sim
ulation . Circuit actually decodes stereo signals
transmitted by station. For additional information,
send SAS.E. to SOKOLOWSKI, P.O. Box 150, El
mont, NY 11003.

QUALITY printed circuit boards . 15 cents sq-in.
Free drilling. Quantity discounts, INTERNATIONAL
ENTERPRISE, 6452 Hazel Circle, Simi Valley, CA
93063.

CABLE-TV Converters : Jerrold , Hamlin, SB-3,
AN-3, Mini-Code, Zenith & more. UHF converters:
Deluxe II Sine wavekits $95.00, gated pulse add-on
$70.00. Complete units $195.00 with gated pulse
$255.00. (Quantity discounts.) Repairs of all con
verters & cable boxes. Send SAS.E. (54 cents
postage), or call for info.1(312)637·4408. HIGGINS
ELECTRONICS, 6014 W. Nelso n, Chicago , IL
60634. No Ill inois orders accep ted.

DIGITAL osclllosc ope--build for $200.00. Plans
$5.00. MIKE McGLINC HY, 2280 California, Apt.
# 12, Mountain View, CA 94040.

DES CRAMBLER plans. New design decodes
gated sync suppressed signals-newest pilotless
method . Circu it boards , most parts from Radio
Shack. Detailed theory, drawings, schematics, in
struct ions $14.95 plus $2.00 shipping . DIRIJO
CORP., Box 212, Lowell, NC 28098.

FREE Freight On
All Orders
Over $25
Under $25 add
$2.50 per order.
Minimumorder $10.

$7. 95
$8.45
$8.95
$9 .45
$9 .95

SN 60/40 Rosin Core (RA)
One lb . Reel a
16 swg. (.06 4l
16 swg. (.048
19 swg. (.040)
20 swg. (.036)
21 swg. (.032 )
'12 lb. Reela
22 swg. (.026l $5 .95
24 swg. (.022 $7 .95

SN 62 (2% Silver)
Rosin Core
21 swg. (.031) $19. 95 • Mast"Card NYS"'''••d.....'.

~tYlntn

~
M Call TOLL FREE

" 800·645·4808
Po.Box668R..IMc:tlo.NY11753 In HYS ($161 33oH660

PROJECTION TV...Convert your TV to project 7
foot picture...Results comparable to $2,500.00 proj
ectors...Total cost less than $30.00...Plans and 8"
lens $19.95...llIustrated information free. MAC
ROCOMA· GI, Washington Crossing, PA 18977.
Creditcard orders 24 hours, (215)736-3979.

HI·FI speaker kits, auto speaker systems and
speaker components from the world's finest man
ufacturers. For beginners and experts. Free liter
ature. A & S SPEAKERS, Box 7462R, Denver, CO
80207 (303) 399-8609.

BLANK PCB WITH 2716
CHAR. ROM, 27 32 MON . ROM

$4995

SOURCE DISKETTE - ADD $10
SET OF 2 CRYSTALS - ADD $7 .50

~995 (COMPLETE KIT ,....:1 # ZRT-80 2K VIDEO RAM)

Call or write fo r a f ree cat alog on Z-80 or 6809 51ngle Board

Computers, 55-50 Boards, an d o ther 5-100 products.

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75C handling. No
C.O.D. We accept Visa and Maste rCard. Texas Ru . add 5· 118'10 T ax. For eign orders
(except Canada) add 20·/. P & H. Ord ers over $50 add 85e fo r Insurance.

Digital Research Computers
P.O. BOX 461565R • GARLAN D, TEXAS 75046 • (214) 225-2309

DISK DRIVE SPECIA L: Rein ex # RFD 480 5% In. 2/3
Height. New In Box. 40 Track, OS-DO. Compa~e ~t Up To
$159Ea. Our Price $59.95 or Two For $95.00. Limited Qty.

WITH S IN.
SOURCE DI SK!

(CP/M COMPATIBLE)

..,:
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W
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o
w
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~ THE N EW ZRT-80

~ CRT TERMINAL ·BOARD!
it A LOW COST Z-BO BASED SINGLE BOARD THAT ONL Y NEEDS AN
o ASCII KEYBOARD, POWER SUPPL Y,AND VIDEO MONITOR TO MAKE A
c COMPLETE CRT TERMINAL. USE AS A COMPUTER CONSOLE, OR
W WITH A MODEM FOR USE WITH ANY OF THE PHONE ,LlNE COMPUTER
~ SERVICES. •
u.. FEATU RES:> * Uses a Z80A and 6845 CRT
t- Con troll er tor powerful video
Z capabilities.
~ * RS232 at 16 BAUD Rates from 75
a:: fa 19,200.
< * 24 x SOstandar d forma t (60 Hz).

3t * g~ti~~)a ~~o~;'I~~~~r~~62~hXa~aOc ter5
fil (60 Hz).
t- * Higher density formats requi re up 10

~ * ~::sd~.~~~~~K8~:06~~~~A:'~~
~ Gen . and USART combo IC .

> * 3 Terminal Emul ation Modes which :J-;::~~~~~~~~~~~
c:( are Dip Swit ch selectable. These
C include the LSI-ADM 3A, the Heath
;: H·19 . and the Beehive.
a: * Com po site or Split Vid eo.
::l * Any po larity of video or sync.
o * Inverse Video Capabili ty.
LL. * Small Size: 6.5 x 9 inches.
o * Upper & lower case with descenders.
en * 7 x 9 Character Matrix .
:E * Requi res Par. ASCII keyboard.
a::
W
~

W
::J:

~I---------------------"'"o
~

~o
W

~~------------------;""------1:l
1Il
1Il
W

;i~------------------------ttil
oJ
oJ< L..:.---..::..-_....:.... .....J

mml~
~~

1985 Catalogs Available
1985 Catalog features Sockets,
Switches, Knobs, Ribbon Cable
Products
Data Cable Products Catalog

features D-Subs, Edge Ca rds,
Telecon, R8-232 Cables, UH F &

C]Cl BNC, Flat Cable, Accessories
1985 5upplement feat ures RDI
Terminal B locks

CIRCLE 52 ON FREE INFORMATION CARD
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DO-iT-YOURSELF AND SAVE r&.
Electr onic ~now·how not required. /oi,'7/1<"'__~~ I
Easy to build from our plans or kits . . .
Lowest prices on satelli te electro.niCS.~~

Send $1 lor catalog Of $8.95 lor
" Consumer Guide to Satellite Telev ision." ~

. GF I-D14, Box 9108 '"
Mall today to: Missoula, MT 59807 P -611

COMPLETE Sate llite Systems start ing at $695.00.
For catalogue send $5.00 to N.E.S., P.O. Box 18175
R, Little Rock, AR 72219.

HOME Satellite Handbook has everything you
need to kn ow about Satellite Television. $10.00,
H&G, Box 422, Seaford , NY 11783.

SAT ELLIT E television "get the facts before you
buy" , dish size/installatlon/programming/much
more . For 224 page book & special prices , send
$12 .95 to GAL ACTIC SATELLITE, 2769 Ave. ''A'',
White City, OR 97503 . Free information.

WHOL ESA LE prices! Top brandname satellite
produc ts at rockbottom prices . Send for free price
list. VIDEOTECH, 1107 W.Division, Mt. Vernon, WA
98273. (206) 424-4334.

SATELLITE reception systems at dea ler pr ices .
Limited lifetime warra nty on dis h. Contact: SATEL
LITE TVOUT LET INC . 4747 W.Tuscarawas Street ,
Canton, OH 44708 . (216) 478-0440.

UNSCRAMBLE- Canadian & American satelli tes .
Watch the good stuff. Plans $19.95-boards & plans
$30.0o-units completed $298.OQ-kits available
details and order forms $3.00. SCRAMCO, 8688
R~yal Drive , Noblesville, IN 46060 .

THIS ISABOLDFACE EXPANDED AD. If you
likethis format , request it. Your cost is$3 .75
per word. plus 45% forthe boldface andtint
background.

ITEM PRICE
RCA 36 CHANNEL CONVERTER (CH. 3 OUTPU T ONLY) 29.95
LCC-58 WIRELESS CONVERTER 89.95
JERROLD 450 WiRELESS CONVERTER (CH. 3 OUTPUT ONLY) 105.95
SB ADD -ON UNIT 109.95
MINICODE (N-12) 109.95
M-35B (CH. 3 OUTPUT ONLY) 139.95
MINICODE (N-12) VARISYNC 119.95
MLD-1200-3 (CALL IF CH. 2 OUTPUT) 109.95
ZENITH SSAVI CABLE READY 225.00
INTERFERENCE FILTERS - CH. 3 29.95
JERROLD 400 / 450 REMOTE CONTROLLER 29.95

SPECIFY CHANNEL 2 or 3 OUTPUT

Sign atu re _

Quanti ty Item Output Price TOTAL
Chan nel Each PRICE

SUBT OTAL

Prices subject to
Shipping Add
$3.00 per unit

change without notice. COD & Credit
Cards - Add 5%

PLEAS E PRINT
TOTAL

DO-IT-YOURSELF TV REPAIR
NEW! ...Repalr any TV...Easy. Anyone can do it.
Write, RES EARCH, Rt. 3, Box 601 BR, Colvill e, WA
99114.

______ Zip _

o Money Order o Mastercard

SCANNERS
JOI N 30,000 other scan ner owners in the nation 's
largest not-for-profit assoc iation of scan ner owners.
Bi-mo nthly publi cation wit h tec h tips , fasc inat ing
true stories, news of new listening adventures. Plus
member benefit packaqe including car rental dis
cou nts , no-e xtra-cost Insurance coverage, free
class ified ad serv ice, and more. Send just $9.75 for
10-month trial membership to : SCANNER ASSO
CIATION OF NORTH AMERICA, 240-A Fencl
Lane , Hillside, IL 60162.

CABLE TV FILTERS
SUPER powered notch filters. Equivalent of cable
company "cylinders". Eliminate undesirable sig
nals . Any channel 2 through 8 ; 14(A) through 22 (1).
(Please specify.) Send $20 .00 each . Money back
guarantee. Quantity discounts , CATV , Box 17621,
Plantation, FL 33318.

FOR OUR RECORDS:

DECLARATION OF AUTHORIZED USE - I. the undersign ed. do hereby dec lare under
pen alty of perjury that the products pur chased wi ll only be used on ca ble TV systems with
proper auth ori zation from local off ic ials or cable comp any off icials in accorda nce with all
appli cab le federal and state law s.

Dated : Sign ed : _

Pacific Cable Company, Inc.
7325% RESEDA BLVD. • RESEDA, CA 91335

(818) 346-5071 • No Collect Calls • (818) 716-5140
IMPORTANT: WHEN CALLING FOR INFORMATION -

Please havethe makeand model # of the equipmentused in your area. Thank You <0co
01

123



UNLOCK THE POWER
OF . YOUR

TIMEX OR SINCLAIR
COMPUTER

We CAn he l p you re.l ize your co.pute rPs
potentt al without s pe n d i n ; A fortune!

As k . b out our Floppy Drive Interf Ace

~ WRITE FOR

~PQLi McGEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
Tel.:1 (816) 842 5092

1901 MCGEE STREET KANSAS CITY, MO. 6'108

Your ad could be se lling me rchandise for
you i n th is space . The price is a
remarkab le $250. To place your order, call
any Radio-Electronics salesman: Stan
Levitan (212) 777-6400 , Marvin Green
(818) 986-2001 , Ralph Berger (312)
446-1 444.

CALL or Writ. for free c.t.a1OO to:

FCC LICENSE TRAINING

INVENTORS!

R• • • • rch S~vic. L.bs
POBox 19124 OKe, OK 73144
(40:5 1 74:5-9322

FOR SALE

WHOLESALE F-59 cable connector $80.00/1000.
Free MATV catalog , SAS.E. (212) 897-0509,
D&WR, 68-12 110 Street, Flushing, NY 11375.

CAB LE television, copy of Federal laws $10.00.
ROBERTS, P.O. Box 63/6025 , Margate, FL 33063.

DIGITALKER Speech Synthesizer has 136 word
vocabulary Interfaces with parallel port of your com
puter. PCB and plans $12.00. JIM RHODES, INC.,
1025 Ransome Lane, Kingsport , TN 37660.

FREE catalog featuring scanner accessories, car
rierlsubcarrier detectors, voice scramblers, unusual
kits. CAPRI ELECTRONICS, Route 1R,Canon, GA
30520.

RESISTORS V.W&V2W5% 3 cents. l %metalfilms,
precision custom wirewounds, $1.00 refundable to:
JR INDUSTRIES, 5834-B Swancreek, Toledo, OH
43614.

CABLE -TV Secrets-the outlaw publication the ca
ble companies tried to ban. HBO, Movie Channel,
Show1ime, descramblers , converters, etc . Sup
pliers list included. $8.95. CABLE FACTS,Box 711 
R, Pataskala, OH 43062.

THE Intelligence Library-Restricted technical in
formation & books on electronic surveil lance, sur
veil lance-device sc hematics, lock-pIcking, in 
vestigation, weapons, iden tifIcati o n docu
ments, covert sciences, etc. The best selection
available. Free brochures. MENTOR, (Dept. Z),
135-53 No. Blvd., Flushing, NY 11354.

THIS ISAN EXPANDED TYPE AD. Noticehow
it stands out onthis page . To get yourad set
in this type style mark your classified ad
order, "Expanded-type ad," and calculate
your cost at$3.75 per word .

EPROM PROGRAMMING

PRINTED circuit boards, double sided with plated
through holes or single sided. No set up charge.
CAUDILL INC., 205 East Westwood Ave., High
point, NC 27262, (919) 884-0229.

PRINTED circuit boards. 8" x 10" max. Send us your
positive, any size (please specify), thru component
side artwork, along with a cert ified check or money
order for $15.00 & $3.00 shipping, and we will send
you a fiberglass board, with your artwork, the same
day. Send us your hole specs, we'll drill it for free.
Double sided boards, $30.00. EJS LABORATORY,
11908 Det roit Ave., Cleve land, OH 44107, (216)
529-1611.

PRINTED CIRCUIT BOARDS

HOBBYISTS: EPROM's sold with your program
ming installed. Listing provided. Fast service.Write
or call: ROMULUS MICROCONTROL, Box 8669,
Rockville, MD 20856, (301) 540-8863.

9 -9 " , Th 9-~ Tu , W, FPhon. h rs:

EARN $600.00 + week! Get your "EC.C. General
Radiotelephone License." Electronics home study.
Fast , inexpensive! " Free" details . COMMAND,
D-168, Box 2223, San Francisco, CA 94126.

MASTERCARD AND VISA are now accepted
for payment of you r advertising . Simply
complete the form on the first page of the
Market Center and we will bill.

CAN you profitfrom your idea? Call us today regard
ing the marketing of your invention, or write for your
free information package . Over a decade of service.
AMERICAN INVENTORS CORPORATION, 82
Broad Street, Dept. RE, Westfield, MA 01086, (413)
568-3753 .(Not an answering service.) A fee based
marketing company, offices nationwide.

CIRCLE 270 ON FREE INFORMATION CARD

Terms: MICRO·MART accepts Visa MC and telephoneCOO's MInimum order S1000. ShipPiIlg
US orders. S200 Canada andother coun tries S350 (includes ms) ShiPplng rate adjusted where
aoptcabre NJ residents add 6% sales tax

MICRO-MART. 508 CENTRAL AVE.. WESTFIELD, NJ 07090 • (201j65H008

MeRo " 508 Central Ave.I \ Westfield, N.J. 07090 /ART ~1)654~:J

MICRO·CONTROLLER BOARD
(Kit/S119.50 )
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UHF-TV PREAMP
(As featu red in Radio Elect ronIcs March I
May artic les. 1982)
This inexpensive antenna mount ed pr e
amp can add more than 25 dB of gain to
your system. Lots of satisf ied customers
and repeat orders for this high qua lit y kit,
which includes aI/ component parts. PC
BD, Case. Power Supplyan d Balun 534.50
Assembled Version $5 7.50

CIRCLE 116 ON FREE INFORMATION CARD

MICROWAVE TV ANTENNA SYSTEMS
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TEMK4p iI!i
20 MHZ DUAL TRACE
OSCILLOSCOPE
• Two High Quality 10:1 crobes Included
• Backed by our 2-year I mlled warranty
_ For specifications see MCM catalog
#9, page 118

#72-320$38995

• Two High Quality 10:1 crobes Included
• Backed by our 2-year I mlted warranty
• For specifications see MCM catalog
#9, page 118

#72·330 $56900

TEMK4p iI!i
35 MHZ DUAL TRACE
OSCILLOSCOPE

TENltUP~

15 MHz DUAL TRACE
BATTERYOPERATED
OSCILLOSCOPE
• Two High Quality 10:1 Probes

~___ Included. Backed by our 2-year Limited
warranty • Internal rechargeable batteries
provide 2 houra of continuous operation
without the need for any outside power
source• • For specifications see Supplement

...."'"""'~-! #4 of catalog #9.

TEMK4~
DIGITAL
CAPACITANCE
METER
_ Measures capacitors from 0.1pF
to 1999mFd • Accuracy 0.5%
typical _ Fuse protected
_ Checks capacitors in and out
of circuli _ Backed by our 2-year
limited warranty. For more

~~~~~:t;~~s$see5MCM4cata9Iog5
#72·040
$59.80 each (2.up)

TaM4P ®
DROP PROOF
DIGITAL
MULTIMETER
• DC Input Impedance 10M ohm
• Shock-mounted LCD display
• Overload protection • Auto
polarity. Backed by our 2-year
limited w rranty. For more
speclflcatlons ... MCM catalog

#;~~:S74$2995
$33.80 each (2-up)

7EMK4P"
3112 DIGIT LDC
MULTIMETER
• DC Input Impedance 10M ohm
• Diode and HFE transistor testa
• Overload protection. Auto
polarity. Backed by our 2-year
limited warranty. For more
specUlcsllons ... MCM cstalog
#9, page 118

#72·050 $3eRO
l!5!!!!!B $39.80 (1-9) u::

Eliminates the need to plug and unplug cables when
you need to use a dnferent printer or CRT. Enables
you to easily access one printer from different
computers; or access multiple printers from one
computer with the turn of a switch. Two dnterent
modals:

25 pin RS232 female type: Connect up to 4
peripherals to a single 110 port.

36 pin Centronics type: Connect up to 2 printers or
modems to a single port. All 36 conductors are
switched pin for pin.
(no mixed quantities)

BE SURE TO CALL
FOR YOUR FREE
132
PAGE
CATALOGI
OVER
5,000
ITEMS!

174.80 (1-3)

• $10 rmmmumorder $1 00 charge for orders eTerms: under $10
• $20 rmmmum charge card order

~
ard : ~s~r~~~~~~ ~~l~24 hours MCM

• Sales office open 8:30am 106 00 pm Saturdays me ELECTRONICS
1000 am to 3 pm EST 858 EtC P k 0

- • ~~~I~~aid orders add $2 50 for shippIng and Cente~lle.~~~~S54~~ nve

~I .Shou ld sh'PJ>ng & handling charges exceed $2 50. 513 ·434·0031I.iiiiiIIJ lhobalanc e due will be sent C 0.0 SOURCE NO. RE-9

\:;I
#83-610~
36-pln
Centronics type

PORT SWITCHES

We Also Have...a fuHline of test equipment,
computer accessories, telephone accessories,
speakers, television parts, f1ybacks, yoke s, switches,
fuses, lamps, capacitors, resisto rs, cartridges, styli,
wire , CATV equ ipment, and many more . Over 5,000
items AT THE LOWEST PRICES AROUND!

CIRCLE 87 ON FREE INFORMATION CARD
12~



CABLE·TV converters, police radar detectors, and
scanners . Send $1.00 for catalog. GREAT LAKES
COMM.,INC., 17174 Mile Rd. N.E, Grand Rapids.
M149505 .

THIS IS AN EXPANDED·TYPE AD WITH A
TINT SCREEN. See how it jumps outon the
page. To order your ad in this format calcu
late the cost at $3.75 per word for the ex
panded-type and add 25% for the tint
background.

UHF descrambler, gated and sinewave. LoWest
price semikit. Free information. VISTA, 717 Front
St., Lisle, IL 60532. •

MASTERCARD AND VISA are now accepted
for payment of your advertising . Simply
complete the form on the first page of the
Market Center and we will bill.

VIDEO Hook-Up Diagram Manual-shows how to
hook-up TV, VCR, satellite, stereos. multi-sets .
$6.00. NORTHSTAR VIDEO SERVICES, Dept. R,
P.O. Box 1992, Hollywood, FL 33020.

POLICE descramblers for scanners, telephone de
vices, etc. Free catalog. KRYSTAL KITS, Box 445,
Bentonville, AR 72712.

TRANS-AM ELECTRONICS. Special this month:
Keytronic Keyboard $19.95. Power supply plus and
minus 12-15volt 3 amp $29.95.2 Digit Display with
driver $2.95. Visa and M/C. 383 Canal, NYC, NY
10013, (212) 226-3893 .

TOKO colis and grinted circuits. Quantity dis
counts. JIM RHO ES, INC., 1025 Ransome Lane,
Kingsport , TN 37660.

TI·99/4A software/hardware bargains. Hard-to-find
items. Huge selection. Fast service. Free catalog.
DYNA, Box 690. Hicksville, NY 11801 .

CORDLESS-phone interference? We've got the an
swer. Have a radar speeding ticket? We can help.
Home phone extension in your car. You can have it.
50 page color catalog airmailed $3.00. DBE, P.O.
Drawer G, Waikiki, HI 96815, MCNISA orders (808)
395-7458 .

Your ad could be selling merchandise for
you in this space . The price is a
remarkable $250.Toplace your order,call
any Radio-Electronics salesman: Stan
Levitan (212) 777-6400, Marvin Green
(818) 986-2001, Ralph Berger (312)
446-1444.

FREE Automotive Security Catalog. Largest se
lection availab le. Do-it -yourself pagers , alarms,
hood/locks, glass dectectors. Allow 4 weeks for de
livery, or for rush send $1.00. AUTOMOTIVE SE
CURITY EQUIPMENT COMPANY, Dept. 1. P.O.
Box 382, Plainview, NY 11803.

TOKO coli set (four) $8.00. BFQS5 substitute
transistor $2.00. JIM RHODES, INC., 1025 Ran
some Lane, Kingsport . TN 37660.

WANTED:, Cash for old tubes, speakers, ampli
fiers. Western Electric. RCA, Cunningham. Mcin
tosh, Marantz, Quad, Tannoy, JBL. Altec, Dynaco,
Leak, (713) 728-4343. MAURY . 11122 Atwell ,
Houston, TX 77096.

ELECTRONICS catalog. Over 4,500 items. Parts &
components . Everything needed by the hobbyist or
technician. $2.00 postage & handling (States only).
refundable with first $15.00 order. T & M ELEC
TRONICS. Dept. R, 472 East Main Street,
Patchogue, NY 11772, (516) 289-2520.

DESCRAMBLERS for downconverters. High gain.
Send $2.00. RB ELECTRONICS . P.O. Box 643,
Kalamazoo, MI 49005.

DISCOUNT components-unusal items. Free flyer.
ELECTRONIX LTD., 3214 South Norton. Sioux
Falls, SD 57105.

INDIVIDUAL photofact folders. NO.1 to no. 1400.
$3.00 postpaid . LBT , 414 Chestnut Lane, East
Meadow, NY 11554.

TUBES, new, unused. Send self-addressed. stamp
ed envelope for list. FALA ELECTRONICS, Box
1376-2. Milwaukee, WI 53201.

)
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1 2,00 05F36 74Fl53

" sao
" S02
" SO<
7<5011
" 510
" 520
7' 532
" 538
74551
74564
74574
"585
" 586
"5'09
745112
745124
745138
745157
"5' 58
745163
745169
745174
145175
745188
745189
745201
"5225
745240
74524-4
7<52110
7<5373
745374
745387

ACT . ~ Pk; lI '"Oty p""
05500 " 00 3 110
05502 7400 5 "0
05'" "Ill 3 110
05506 "'" ·3 110
05500 7403 3 1.10
05510 "" 3 110
05512 "'" 5 " 5
05514 7405 3 110
05516 "'"

, 100
05518 7..07 , 100
05520 "00 3 1.10
0552' "" 3 110
05522 7..10 3 110
"526 7..1.. , 100
05528 7416 , '00
05530 W 7 , '00
" 532 " 20 3 110
"5>1 7422 3 '20
"536 1423 3 .20
05536 7425 3 110,,5<0 7426 3 1.10

"'" 7421 3 110

"'" ,,» z '00

""" 1432 3 110
05550 "36 , '00
05552 ""

, '.JO
05554 '"'' 3 .35
05556 7..42 , 110
05562 7" 5 , 90

"'" 7....6 1 '00
05566 7447 , . 00

"'" 1441 5 '"05570 "" 1 '00
05572 " 50 3 110
05574 7451 3 110
05518 ,,5< 3 110
05536 7473 10 ' 10

""" 7474 , '00
05590 7474 5 '50
0559' 7475 , '00
0559< 1476 3 '"05602 7455 1 !O

"'" ""
, ' 00

05606 7489 I '"""" "90 , ' 00
05610 " 90 5 ' 50
05612 1491 ,

'"056H 1492 3 '"05616 7493 3 '"05618 74~3 5 2,15
05622 7495 , 110
056" ""

, , »
05626 1497 • '60
05628 74100 , 165

SERVICE - ORDERS PROCESSED IN 24 HOURS
QUALITY - CURRENT DATE CODES. LEADING MFR·S.
SAVINGS - VOLUME DISCOUNTS. TOLL FREE NO.
SELF SERVE - STORES AREOPEN AT 8:00 AM

• I I

05SO'
05SO<
05S06
05Sea
05509
05510
05512
05535
055<0
05513
05514
05S15
05516
05517
055,9
055<5
055'8
05550
05520
05521
05555
05S&l
05522
05S2<
05565
05570
05575
05525
05527
05SJO
05526
05532
05528

r: ~_lJ_rtfa_I_'I,·Sting only.

ORDERING INFORMATION

Uu only lb. 5 digIt ACT:# when
ord, ring. SomefUcbglS 'Dnt~in
munlplll olh" thin on' , PillS' not.
th" thIS' mull/pi,s wllJnol b, brobn.

pt," 011I111)' I. 0" (I) " /Iff
,'.'!'WIs, l'tf"'It.
MinimumOrd~r $1000
PIrJs $3.15 Posllge & HJndlHlg

(J)
oz
oex:
~o
UJ
..J
UJ

6
o
<:ex:
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.89

.99
1.29
1.59
1.09

Each

Our Best!
The DVM

That "Thinks"

276-1801
276-1802
276-1822
276-1805
276·1808

Cat. No.

TTL Digital ICs
With Pin-Out and Specs

Type

7400
7404
7408
7447
7490

You choose the function and it selects the
correct range and polarity for you. Features
a jumbo "h 6" disp lay. " Beep" continu ity
function and diode/semiconductor junction
test. Handy pushbutton ohms zero adjust.
Automatic power-off conserves batteries.
With leads, manual. Batteries extra.
22-193 79.95

FOld -Up Autoranging LCD
Multimeter

ltadl8 i/ haeK
A DIVISION OF TANDY CORPORATION

Prices apply at partiCipating Radio Shack stores and dealers

Type Cat. No. Each
4001 276-2401 .99
4011 276-2411 .99
4013 276-2413 1.19
4017 276-2417 1.49
4049 276-2449 1.19
4066 276-2466 1.19

4116 . Highest quality and factory-fresh . 250 ns
access. Why gamble with (and wait for) mail
order RAMs? Upgrade your computer now at
huge savings! 276·2503 an.95

Pkg. of 8795

16K Dynamic RAM 8-Pack

SPECIAL PURCHASEI

Operational Amplifiers

SP0256-AL2 Voi ce Syn 
thesizer IC. Uses a program
stored in its built-in 16K I IV," 4" ..... i
ROM to synthesize natural Tnrn rnTnfT
sounding speech. Easy to In
terface with most comput -
ers. 28-pin DIP with deta iled data. Requires external
components, not incl. 276-178 4 12.95

Type Cat. No. Each

741 (Single) 276-007 .89
MC1458 g'ual) 276-038 .99
LM324 ( Uadj 276-1711 1.29
TL082 (Dual 276-1715 1.89
LM339 ~Quad) 276-1712 1.49
TLC271 ( ingle) 276-1748 1.59
TLC272 g'ualj 276-1749 2.19
TLC274 ( uad 276-1750 2.99

4000-ser ies
CMOS ICs
With Pin-Out and Specs

.£AJ:.C
••• •••.'

••• •••

Circuit continu ity produces
a warbli ng tone . Possib le
uses : doo rbell , security
alarm, moisture se nsor,
cap acitor/diode checker
and more. Great experi
menter's item at a bargain
price! 9V battery extra.
2n·1014 1.95

NEWI

Computer Only
Keyboard 295
With Schematic
Made for TI 99/4 computer. Very high quality
unencoded QWERTY board has 48 full-stroke
keys, 15-pin connector. Hurry!
#2n-1017 2.95

SPECIAL PURCHASE!
Continuit y Tester Chassis

This new book helps you take
advantag e of the time-saving
features of VisiCa lc . Over
150 ill ustrations show the
Vis iCalc screen at eve ry
step . You 'll learn the pro
gram's commands, how to
set up a spreadsheet, and
how to use VisiCalc's powerful recalculation fea
tures to get instant answers to " what if" ques-
tions . 249 pages. 62-2315 9.95

VisiCalc for Your TRS-80

Replacement
Transistors

Type Cat. No. Each

2N1305 PNP 276-2007 1.19
MPS2222A NPN 276-2009 .79
PN2484 NPN 276-2010 .89
MPS3904 NPN 276-2016 .69
TIP31 NPN 276-2017 .99

TIP3055 NPN 276-2020 1.59
MPS2907 PNP 276-2023 .79
MJE34 PNP 276-2027 1.49
2N3053 NPN 276-2030 .99
MPS3638 PNP 276-2032 .79

T1P12O NPN 276-2068 1.29
2N3055 NPN 276-2041 1.99
MJ2955 PNP 276-2043 2.19
2N4401 NPN 276-2058 .59
MPSA42 NPN 276-2061 .69

2N3819 N-FET 276-2035 .99
MPF102 N-FET 276-2062 .99
IRF511 V-FET 276-2072 2.59
IRFD1Z3 V·FET 276-2073 1.49
2SC1308 NPN 276-2055 7.95

semiconductor
Reference Cuide

349

1985 Edition. Exclusive
substit ution section lists
over 80,000 semiconduc -
tor types and their low
cost Rad io Shac k
equivalents. Plus data on Archer" ICs, SCRs,
LEOs diodes and more. Over 200 pages.
276-4008 3.49

.49

.59

.69

.69

.79

.89

.99
1.59
2.49
3.59

Each

272-1017
272-1018
272-1019
272-1020
272·1022

272·1012
272· 1013
272-1014
272-1015
272·1016

Cal. No.

Ohms Cat. No.
10k 271·1335
15k 271·1337
22k 271-1339
27k 271·1340
33k 271-1341
47k 271·1342
68k 271·1345

100k 271-1347
220k 271-1350
470k 271-1354

1 meg 271-1356
10 meg 271-1365

Heavy-Duty Relays

549

Each

~F WVDC

4.7 35
10 35
22 35
47 35

100 35
220 35
470 35

1000 35
2200 35
4700 35

DPDT. For pluq- fn use or solder
ing. Size: 15/ax 1X3/4~

Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers , Capacitors, Chokes, Clips,
Conn ectors, Fuses, Hardware, ICs, Jacks, Knobs, lamps, Mu itltesters, PC Boards, Plugs, Rectlfi·
ers, Reiays, Resistors, Switches, Tools, Transfonmers, Transistors, Wire, Zene r Diodes, and morel

The store for Builders. Over 1000 Items in Stockl
Power Transformers

120 VAC Primaries

Axial-Lead Electrolytic
Capacitors

• Factory-Fresh ~..~~
• Highest auallty

Protect computers and sensitive
electronics from damag ing
power-line " spikes" .

Contacts Rated
10 Amps at
125 VAC

MOV Transient
protectors

Ohms Cat. No.
10 271-1301

100 271-1311
150 271-1312
220 271-1313
270 271-1314
330 271-1315
470 271-1317

1k 271-1321
1.8k 271-1324
2.2k 271-1325
3.3k 271-1328
4.7k 271-1330
6.8k 271-1333

Type Volts Current Cal. No. Each

Miniature 6.3 300 rnA 273-1384 2.59
Miniature 12.6 300 rnA 273-1385 2.79
Miniature 25.2 300 mA 273-1386 3.49
Miniature 12.6 CT 450 mA 273-1365 3.59
Miniature 25.2 CT 450 rnA 273-1366 3.99
Standard 6.3 1.2 A 273-1351 3.99
Standard 12.6 CT 1.2 A 273-1352 4.99
Standard 25.2 . 1.2 A 273-1353 5.99
Heavy-Duty 12.6 CT 3.0 A 273-1511 5.99
Heavy-Duty 25.2CT 2.0 A 273-1512 6.29
HeavY-Duty 18.0 CT 2.0 A 273-1515 6.99

CT= Center Tap

1,4-watt, 5% Resistors

Pkg. of5 39¢~
te

~_lIadleIhaek Partl Plaee®-.........
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TUBES $2.49. Large inventory including rare types.
SAS.E. brings lists. ADNF,6690 7 Mile, S. Lyon, MI
48178.

..........
COMI'U'U U
SOI'TWAIlI

SCANNIU . OfOTtcI
TlST I QUI,"I NT

HfaOWAYI
Llt,Tlwn

AuotO YISU.....
HlWI"ROOUCTS

COMl"OHfHTS • KITS
ANTIQUE IUCT,

P'UaUCATlOHI I

I"LAHS • SlflVfCIS ~

THE BEST PlACE to BUY, SELL or
TRADE NEW and USED EQUIPMENT

NUTS 8< VOLTS MAGAZINE
BOX I I II-E • PLACENTIA. CA 92670

(7 14) 632-772 1
Join Thousands of Re~der'$ Nationwide

Every Month
ONE YEAR U.S. SUBSCR IPTIONS

SIO.oo. Jrd Cass • $15.00 • 1st Class

$15.00 • UI.tlme • lrd Class

BURGLAR alarm warning stickers deter burglars
and vandalism. Bright red stating warning alarm
system electronically protected. 5(five) for $3.00,
HIGH TECH INSTALLATIONS, 442 Adams Street,
Freeland, PA 18224.

Space co nt ributed by the pub lisher as a public service

COLOR monitor RGB 14" distributor closeout origi
nally sold for $599.00 now $169.00 delivered, IBM
PC and Apple III campatible with mod. card and
cable additional $29.95. Brochure on request. UDO
CORPORATION, 282 Main Street, Salem N.H.
03079.

FISH·caller, solid state, call and gather any kind of
fish: sea and river.Working set - $45.00 postpaid or
$5.00, plans and information. JOHDIC TAKANO,
P.O. Box SM 160, Manila, Philippines 2806.

TELEVISION-ci rcuit panels, tuners, transformers,
tubes, speakers. Free list. Quality used electronics
parts. Low low prices. RANDYS RADIO, Rt. 1, Ar
cadia, IA 51430,

CIRCUIT boards; best rates, prototype-production.
RYLE ENG., 15466 Los Gatos Blvd. No. 109-191,
Los Gatos, CA 95030. (408) 736-0800.

NEW...Convert any portable television into a giant
five foot picture screen. Guaranteed. Only $24.50.
QUEEN ENTERPRISES, P.O. Box 159, Toronto,
Ontario M6M 4Z2.

; .•.:

SCIENTIFIC At lanta new descrambler for 8500 se·
ries boxes. Recieve all chan nels, send $2.00.
A.T.S., Box 316, Auburn, MA 01501. (617)832-2339.

TUBES, hard-to-find. Send self-addressed stamp
ed envelope for list. AUDIO VIDEO STOP, 7477
Village Parkway, Dublin, CA 94568.

BELDEN RG6/U coaxial cable, #9058. This is the
best, Duobond II/Brald/Duobond Plus . Normally
available in 1000 ft. rolls only. Three Incredible
shields. Foil over foam core give s 100% shield·
Ing. 77% aluminum braid. Foil wrapped over the
two Inner shields (Dubond Plus). 100 f1. $24.00,
200 ft. or more 10% discount. Crimp Connectors
for RG6/U cab le with attached 'h n crimp ring,
(with purchase of cable only). 10 for $3.00,50 for
$9.00, 100 for $15.00, check or money order.
Postpaid. (609) 877·7480. DANIELSON ELEC
TRONICS, 6 Garnet Lane, Willingboro, NJ 08046.

TECHNICA 140/channel cable converter fully reo
mote sound and video unit only $149.00. Jerrold
LCC 58 converter only $79.00, Jerrold DRZ 450
converter 90/channel auto tuning only $89.00. All
units carry full manufacturers warranty, specials
while they last. For catalogue send $3.00. Thanks.
REDCOAT ELECTRONICS, P.O. Box 28504, Ja
maica, NY 11428, (718) 459·5088.

PC·2 & Sharp PC·1500 owners: floppy disk emu
lator for your cassette files. AlMP, Box 78533, L.A.,
CA 90016.

CABLE·TV, converters, & VCR's. Unlock the mys
tery of recording one channel while watching an
other. $4.95/diagrams instructions: ADDITIONAL
OUTLET CORP., 1041 W. Commercial Blvd., Ft.
Lauderdale, FL 33309.

CABLE·TV products. Jerrold , Hamlin , and Oak
converte rs. Send $3.00 for information . ADDI·
TIONAL OUTLET CORP., 1041 W. Commercial
Blvd., Ft. Lauderdale, FL 33309.

CABLE and Subscription-TV secret rnanual. Build
your own descramblers, converters- HBO, Show
time, Movie Channel, UHF, latest theory, schemat
ic s , instructi ons , su pp liers. Se nd $8 .95 to
CABLETRONICS, Box 30502 R, Bethesda, MD
20814.

EPROM programmi ng, low rates. Detai ls :
RICHARD ASRLAW, Rt. 1, Box 163, St. Regis Fls,
NY 12980.

FREE cata log. Electronic electr ical parts, tools,
controls, switches, relays, tech books, manuals. JS
CHRISTIANSON INC., 120Oser Ave., Hauppauge,
NY 11788.

CANADIANS. Pay-TV and Satellite Descrambling
Manual. Technical. Covers all areas. Complete with
schematics and sources. 54 pages $11.95. SHOo
JIKI ELECTRONICS CORP. 1327 Niagara St.,
Niagara Falls, NY 14303. COD'scall (716)282-1001 .

HAM LIN OAK JERROLD
SCIENTIFIC SYLVAN IA ZENI TH

ALL TYPES OF CABLE TV EOUIPMENT
MICROWAVE ANTENNAS & ACCESSORIES

- FREE ILLUSTRATEO BROCHURE -
- CALL OR WRITE . -

•

H.M.R. SALES
.~. 22 1 E. CAM elBACK .1

PHOENIX, AZ B5012
(6021 993-039B

FREE IC when you order our catalog for $1.00, to
the first 1,000 requests. Check these prices: 74LS
164 - 50 cents, 7400 -13 cents, 74LS 145 - 48 cents,

. 7408 -14 cents, 7415 • 45 cents, 74LS 279 - 16
cents, 7447 • 23 cents, CD40105BE ·$1.00 +
postage & handling. Limited quantities. All IC's are
new. COMPUTER REPAIRS, 246 W. Garf ield,
Freeport, IL 61032.

6.95

Reg. Power Supply
Model 4A/PS (99/4)

3 DC Outputs:
12V @ .4A, +5V @ 1.1A

-5V @ .2A Highly Filtered

8O Column Apple 11+ 149.95
80 Column Apple liE 129.95
ZOO Apple 11+ 89.00
ZOO Apple liE 89.00
16K Carel ••• •• • •• ••• •• • •.. • 39.95
Cooling Fan 38.95
Power Supply 74.95
Joystick 29.95
RF Modulator 13.95
Disk Drive 199.00
Controller Card .. •.. •.... • 59.95
Paddles 7 .95

()
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7

5
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WE HAVE QUALITY PARTS, DISCOUNT PRICES AND FAST SHIPPING!

GEL CELL
BATTERY

~

NEWTEXAS INSTRUMENTS
KEYB(lI\RD. UNENCODED.
4B S.P.S.T. MECHANICAL
SWITCHES. TERMINATES
TO 15 PIN CONNECTOR.
SOLID METAL FRAME4' X 9 ~

$6 .50 EACH 2 FOR $11.00

120V INDICATOR
~~01k '-Q Ib; ~

NEONINDICATOR. RATED
120 V 113 W. MOUNTS IN
5/ 16" HOLE.. . RED LENS.

75¢ EACH
10 FOR $7.00
100 FOR $65.00

3112"

G
SPEAKER

80HM
t.( JS" IMPEDANCE,
~.. FULL RANGE

. . ':"" SPEAKER.
8 0Z MAGNET.

o 4" DIAGONAL
MOUNTING CENTERS.

$2 .50 EACH '
10 FOR $20 .00

48 KEY ASSEMBLY FOR
T.1. COMPUTER

REVERBERATION UNIT

00·i itQi ;. $7.50 EACH

ACCUTRONICSCOIL SPRING TYPEUNITS. USED IN
ELECTRONICORGANS TO PROVIDEACOUSTiC DELAY
SOUND EFFECTS. INPUT IMPEDANCE8 OHMS. OUTPUT
IMPEDANCE2250 OHMS. 41/1" x 16)/i" x lVI. :

22/44G01.D
P.C. STYLE $2.00 EACH

10 FOR $18.00

22/44 TIN .
P.C. STYLE; NO MOUNTING EARS

$1.50 EACH 10 FOR $14.00

SOUND ANDVIDEO MODULATOR

<m
FOR T,I. COMPUTER

."'-.- T.I. * UM1381·1. DESIGNED FORUSE
~. WITH T.I. COMPUTERS. CANBE USED WITH

T ~
VIDEOSOURCES. BUIIT·IN Al B SWITCH.
CHANNEL 3 OR4 SELECTION SWITCH.

- OPERATES ON 12 vee . HOOKUP DIAGRAM
_ . INCLUDED.

$ 10.00 EACH

7 CONDUCTOR
RIBBON CABLE

PUSHBUTTON
POWER SWITCH

~

SPECTRA-STRIP RED MARKER
STRIP. 28 GA STRANDEDWIRE.
$5.00 PER ROU (100 FT.)

DOUBLE POLE POWER SWITCH
PUSH·ON, PUSH-OFF.
$1.00 EACH

2K 10 TURN
M ULTI -TURN POT

~
SPECTROL

• _MOD 53.01 -7161

$5 .00 EACH

ROTARY SWITCH

1POlE •6POS1T1ON . 'l 'W1 '"OlA x l Yz"HIGH -, __ ,,'

75" EACH
10 for $6.00

COMPUTER

0 SLlD#~~
GRADE 100K linear tape

CAPACITORS 2" LONG
1 5/8 " TRAVEL 75$ EACH

2,000 mId. 200 VDC
500K linear taper

2718 ' LONG
13 / " - DIA. )( 5- HIGH $2 .00 1 3/4 " TRAVEL 75$ EACH

3,600 mId. 40 VDC
DUAL 100K audio taper
31/2' LONG

13/8 ' DIA. , 3 3/ 4' HIGH $1.00 21 /2 ' TRAV EL. $1.50 EACH

6,400 mId. 60 VDC '7' CRYSTALS13/8 "D IA. ' 41 /4 "HIGH $2 .50
CASE STYLE HC33/U

31,000 mId. 15 VDC COLORBURST
1 3/ 4' DIA. , 4" HIGH $2 .50 2 MHZ 3579.545KC

$3 .50 EACH $1.00 EACH

.~
5 CONDUCTOR IN-LI NE PLUG
AND CHASSIS MOUNT JACK.
TWIST LOCK STYLE. SAMEA S
SWITCHCRAFT 12CL5M .
$2.50 PER SET

MIKECONNECTOR

"

13 VDC RELAY
CONTACT: S.P.N.C.
10 AMP @ 120 VAC
ENERGIZE COIL TO
OPEN CONTACT .. .

COIL: 13 VDC 650 OH MS
SPECI AL PRICE $1.00 EACH

MIN IATURE
6 VDC RELAY

SUPER SMAL L
SPOT RELAY:
GOLD COBALT
CONTACTS.

RATED 1 AMP AT 30 VDC;
HIGHLY S ENS IT IVE. TT L
DIRECT DRIVE POSSIB LE,
OPERATES FROM 4.3 TO
S V, COIL RES. 220 OHM.

1 3116" x 13/32" )(7/16"
AROMAT • RSD~V

$1.50 EACH 10 FOR S13.50

4 PDT RELAY

• ' 04 pin sty le W
. 3 amp cont acts __
. 24 "oll d c or t

120 volt . C COli '"
• Used but fully tested
$1.70 EACH
spec ify coi l voltage
LARGE QU ANTITIES AVAILABLE

SOCXETS FaA RELAY soc • .m

SOLIDSTATE RELAY
HEINEMANN ELECTRIC
NI OI-5A-140 - 5 AMP~. •

fgrJ,R~~vtg~VAC:;PS ' %
SIZE, 2' X I ' X lIo'HIGH
$5 .00 EACH 10 FOR $45.00

I.D,C, MALE

~~~'&~~~SFIT ON
STANDARD

RIBBON CA8LE.
$5.00 EACH

... ",,~'V\U.of!i

ALL ELECTROniCS CORR

IN4148
SPECIAL

LINECORDS
~~

TWO WIRE
S' 18ga TWO WIRE

3 FOR $1.00

THREE WIRE
8 FOOT 18ga THREE WIRE

$2.00 EACH

5 STATION
INTERLOCKING

MADE BY ALPS. •
3 · 2PDT AND
2 - SPOT
SWITCHES ON FULLY
INTERLOCKING ASSEMBLY.

3Y,," BETWEEN
MOUNTING CENTERS.

$2.50 EACH

5 STATION
NON-INTERLOCKING
SAME AS ABOVE. EXCEPT
EACH SWITCH OPERATES

INDEPENDENTLY.
$2.50 EACH

MULTI·SWITCHES
3 STATION

NON-INTERLOCKING

•

3· 2PDT SWITCHES.
EACH OPERATES

, INDEPENDENTLY.

W....BElWEEN IsiiB::r:rn~frij~r1J-~~~='~;~;~~~~~~~~~~......~~~~~~~--- ..
MOUNTING CENTERS.

$1.75 EACH

.45' SPACING P.C. LEADS
1000 FOR $10.00

10,000 FOR $$85 .00

(

4FORS1.00
3 FORS1 .00
4 FORS1 .00
3 FOR Sl .00
3 FORS1 .00
3 FORS1.00

TRANSFORMERS
120_011 ~

prim.rle. ~

TRANSISTORS
21170&
2N2222A
PN2222
2N2i04
2N2905
2N2907

DC CONVERTER

~

THESE ARE SOLI D STATE FULLY REGULATED
13.8 VDC POWERSUPPLIES. ALL FEATURE
100% SOLIO STATECONSTRUCTION, FUSE
PROTECTION, L.E.D. POWER INDI CATOR.

2 AMP CONSTANT, 4 AMP SURGE.

UL LISTED $18 .00 EACH

TI SWITCHINGPOWER SUPPLY
TI N 105 3214-2 ~COMPACT. WELL-REGULATED SWITCHING
POWERSUPPLYDESIGNED TO POWER TEXAS
IN STRUMENTS COMPUTER EQUIPMENT. -I P

INPUT, 14VAC- 25. VAC AT IA :J'
OUTPUT, + 12VOCAT350 MA '

+ svoc AT 1.2A '
- 5VOCAT200M A

SIZE, 4 11o' x 4\10 ' x 1\10' $5 .00 EACH

5.& VOI.TS@ 750 MA $3.00
6 VOLTS @l50MA S1.25
12 VCT @2oo llA $2.00

1& V. @ &50 MA $3.50
1&VOLTS@ 1 AliP $4.50
24 VOUS @ 250 llA $2.50
24 VCT @lAllP $4.50

WALL
TRANSFORMER

ALL ARE 115 VAC~
PLUG IN W

4 VDC @ 70 MA S2.OO

g VAC @ 1 AMP $3.00

12.5 VAC@ 2&5 llA $2.50

17 VAC@5OO MA $4.00

24 VAC @ 250 llA S3.OO

DESIGNED TO PROVIDE A
STEADY ", 5 vee@ 240 MA
FROM A BATIERY SUPPLY
OF 3.5 TO 6.25 V.

2 1116' X 11 / 16" X $1.50
I 11116' HIGH. EACH

SPRING LEVER
TERMINALS

l~8E'iJlLOR . ~
6~RAMJM~~y • ~~ •
2 3/ 4" x 3 3/ 4" . -
BAKELITE PLATE. • 0

GREAT FOR SPEAKER ENCLOSURES
OR POWER SUPPLIES.

$1.00 EACH ' 0 FOR S9 00
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copies of EPROMdata • VIewdata In HEX aM ASCII NEW !
The JE66-4-ARS CommuMlcaboo Program _s wntWln Iof Qua Inlertaong
~ Ihe JE66-4-ARSEPROMProgr8/l'll'l'lCf" and the 10M-PC computer and
compalltll es Menu· drlYen program allow's user to LOoId and SaY'! EPROM
data to and from tnecompuler OfSoppy disk.. D4ta er'llered toytne computer
can be Y'IClWed In Hex &ASCNIonnats-Pl'lnled!\ard·COptCl1ate also dl5l)layed

~:Il~:~~r~i~:~~:e~,~~":'~,~::~'i:tE~~
Computllf reqUIrements IBM· PC. XT joreq)'Irith al least 128K RAMand one
serIAl port Opbonal: oee parallel port tor printer,

JE 664-ARS-CP•• . •••• •• •• .• •• • • • $ 49.95
JE66-4·ARS Communications Pro9ram (5'111 " Diak attd lIMr'. lnstruetlon1 )

JE 664-CP CA BLE $29.95
GabM for lBM-PC to JE66-4-ARS Program (5· ShIeIc*I C.bh Aut>mbty)

JUMPER (~lityl MOOUI..fS - Jumper (Personality) Modules !of 8K.
16K. 321<. and 6-4KEPROMs 'PIen e speci fy EPROMand n'lanulactlnr.
JUMPER (Pw1ona Iity) MOOUL£ ' . . . $14.i5 MCh

JE665-RS232C lNT£RFACE OPTION - This option Implements compulcr

~c;c:~~h~a~~~d~~w~to;;;::,I~~~~~:i:;
MBASlC lorCP fM computers ·Documenlallon prOYldodtoac1apllhe$OltwlI.re
10 other computers 'Mtna n RS232 con - Spec. 9600 Baud. 8-bIt WOfd.odd
I)3 rtty 'Mth 2 stop bits' Assembled And tested' 2118 MocIu'- lnckided

EPROM Progremmer
JE664-ARS w/JE66SOption• • • • .• . $ 1195.00

REQUIRESNOADOm ONALSYSTEMSFOROPERAnON
~r...ms and validates EPROMs • Checks lor properly erased EPROMs
' Emulates PROMsOl"EPROMs ' Loadsd ala In RAMbYkeyl)oard ' Changes
data In RAM by keyboard • l oads RAM Irom an EPROM' 66-4RAMscan be
used Jar external mICroprocessor d~pment • Compares EPROMs lor
content differences ' COPICSEPROMs • Input 11SVAC.6OHz· Assembl«l
I nd lesled · Slze l S't1. x8 \.o"O x3 'J"H ' W1S\.olbs · 211&Modu'-induded

JE664-A EPROM Programmer. . . •• .• $ 995.00

best
m~~d ~m

MPl51S (MPI5 1:4 " SS full-ht.).. .... .. $ 89.95
RFD480 (Remex 5V. " OS tull-ht.). . • • . $109 .95
TM100·2 (Tandon 5\. " DS full-ht.) $159.95
F055 B (Teac 5V." OS half-ht.) $149.95
SA455 (Shugart 5\<" OS half-ht.) $159.95
F0 010 0-S (Siemens 8" SS full-hI.).. • .. $119.95
PC"-5 (51< " Power Cable Kit) $2.95
PC"-S (8" Power Cable Kit) $3 .95

--

51/4" APPLE'"
Direct Plug-In

Compatible Disk Drive
and Controller Card

The AOD-514 Disk Drive uses
Shugart SA390 mechanics-1 43K
formatte d storage • 35 tracks
• Compatible with Apple Control
ler & ACC- 1 Controller' The dri ve

comes complete with connector and cable - just plug
into you r disk controller card' Size: 6"L x 3l,2'W x
8-9116"0 ' Weight: 41'> Ibs.
ADD-514 (Disk Drive)• • . . . . •• . •• • $169.95
ACC -1 (Controller Ca rd)• • . • •• • . • $ 49 .9 5

More Apple Compatible Add-Ons •..
APF-l (Cooling Fan wit h surge pro tec tio n)• • •• $39 .95
KHP4007 ISwitch,ngPower Su,,",YI.. .• . .. . .. $59.95
JE614 {Nume ric /Aux. Keypad fo r lie)• • • • • • • $59 .95
KB-A68 IKeybo.,d wlKeypad '0'11 . 11 +1.. • . •. $79 .95
MON·12G (12 - Gree n Mon ito r w/ swrvcl stand ) • • • • $99.95
JE864 (80 Col. +64KRAM 10, llel• • • • • • • • • $99 .95
AOO·12 15.. • Hall·He~ ht oi.k on""l• • . . . . . $179 .95

..
ADDITIONAL APPLE'"
ADD-ONS AVAILABLE

ARC- 16KI'6K RAM Card 10, Apple11 .11+1• • • ••$39.95
AEB-2 (EPROM Burner for App le II, It+ & lie) ••$69.95

Allo ws copy of sta ndard EPROMS
2708.2716,2732.2764

(Super Se rra! Card b r Apple ll, 11 + & 110) • •$99.95
(S~ ' Half -H I. Disk. Dr ive k:lr Apple lie) $189.95

. JE664·ARS COMMUNICATION PROGRAM
For IBM·PC or XT and Compatibles

• "": I t; · . . ~... :T'"":':

82 -Key ASCII Cherry Keyboard
• 7-bit p aralle l ASC II ' t t - kev numeric keypad
• Curse r keypad • SPS T mechanical keyswitches
• 4 Illuminated keys ' 26-pi n header connector
Co lor : whi te ' Size : 181. x 6 t.. 'W x 1I~"H • Spec
inc luded

KB8201. . . • (1700 avail.). • • • $29.95

Apple Keyboa rd and Case
for Ap p le II and 11+
Key boa rd : • 68 keys' 1S-key keypad' Direct con
nection with te-emribbon connector' 26 spec ia l
funct ions ' Size : 14 t,"1. x S' 'l 'W x 1\, "'H

Case :Accommodates KB -A68 ' Pop -up lid fo r eas y
access • Fits power su pply and m other board too
• S ize : 1S'1 'Wx 18 '"O x 4 ' . "H Price

Mitsumi 54· Key Unencoded
AII·Purpose Keyboard
• SPST kcys wi tc hes • 20 pi n nboo n cable connec
tion • l ow pro fi le keys • Fea tur e s: c ursor co ntr ol s,
control. caps (loc k), fu nct ion , enter and sh ift keys
• Color (keycaps) : grey • INt.: 1 lb.• Pinout inc luded

KB54 $ 14.95

Intelligent 300/1200 Baud
Telephone Modem with

Real Time Clock/Calendar

KEPCOfTDK 4..Ql1TPUT SWITCHING POWER SUPPLY
• Ideal for disk drive needs o f C RT terminals. microcomputers and
video games · Inpu t: 1151230VN:; , SO/60Hz· O utp ut : + 5V Ii 5 Amp, + 12V @
1.8 Am p , + 12V 0 2 Amp , -12V ft 0 ,5 Am p ' Ul recog ni zed ' eSA certified

· Size: 7","" x 6·3116'W x ''''"H' "'ight: 2 lbe. $59.95 each or
MRM 174KF 2 for $99.95

Power/Mate Corp. REGULATED POWER SUPPLY
• Inp ut : 105- 12 5/ 2 10- 250 VN:; at 47-63 Hz ' line regulat ion : :10.0S% · Thr ee
mounting surfa c es' Overvottaacprotection ' UL recognize d' CSA certified

Pwt No. Output Si.t. Weight Price

EMAS/ 6B 5V ft3A16V@2.5A 4 1, "l X 4 'W X 2"s"'H 2 lbs. $29.95
EMAS/6C 5V @6A16V ft5A 5~"l X 4' , "'# X 2 11"H 4 Ibs. $39.9 5

Switching Power Sup pl y for APPLE II, 11 + & lie'" ' •••••••••• • • •
• Can drive four floppy disk drives and up to eight expansion cards II
• Short circu it and overload protection' Fits inside Apple computer
• Fully regulated +SV @SA. +12V@1.SA, -SV@.SA.-12V@.SA
• Direct plug- in power cord inc luded ' Size: 9 ~, "L x 31f2 "W x 2~ ·H

• Weight: 2 lbs. •

KH P4007 (SPS-109). . . . • . .. . • •• • • .•. . . . $59.95

4-CHANNEL SWITCHING POWER SUPPLY
• Mic ro processor, min i-computer, te rm inal, medi ca l eq u ipment and process
control ap p lications ' Inpu t : 90-130VN:;, 47-440Hz • Output: + 5VDC fi SA.
-5VOC fi 1 A: + 12VOC O lA. -12VOC Ci 1A 'line regulations: :to.2% · Ripple :
30mV p-p • load regulation : z 1% • Ove rcu rre nt pro tec tio n ' Adj : 5V main
outoot :t 10% • Size : 6 "'"1. x 1

'
, "'1/11 x 4- 15 /1 6ri ' 1Ncight : 1t, Ibs

FCS-604A• • . . . . • . .• . . • • •• • • • • . • • •. . . . $69.95

IBM PCXT EQUIVALENT 130 WATT POWER SUPPLY
UPGRADE YOUR PCI
- fnput : 1ooV-130Vl200V-260V selectable @47 to 63Hz ' Output:
+SVDC@ 1SA, - SVDC@O.SA. +12VDC@4.2A. - 12VDC@0.SA
• Plug co mpatible connectors · Fits into IBM PC • Weight 6 lbs.

IBM-PS•••• . •• . . . . .•• . . . • . •• • • • • . .• . $169.95

Apple Keyboa rd and Case (pictured above) $134 .95
68-Key Apple Keyboard only $ 79.95
Expanded Apple Enclosure Case only $ 59.95

TheProModemw isa Bell 212A(30011 200baud) intelli
gent stand- alone modem • Full featured expandable
modem ' Standard features include Auto Answer and
Auto Dial, Help Commands, Programmable Intelligent
Dialing, Touch tone- and Pulse Dialing & More' Hayes
command set compati ble plus an addit ional extended
co mmand set- Shown wza totranumertc d isplay opt ion.

Description Price

RS-232 Stand Alone Unit. $34 9.95
Apple II, 11 + and lie Internal Unit. $369.95
IBM PC and Compatible Internal Unit. . . . .. • . .. • . . • . $269.95
IBM PC & CompoInt. Unit w/ProCom Software $319 .95
Macintos h Package $399.95
(Includes PM1200, Cable. & ProCom Software)

· _It~

$10 Mirllmum Ordef- US . FImd. Only CA RMkten b : Add S~Salet Tax SPKShMt1 - 30CtlKh
Shipping: Add 5'" pIu. $1 .50 Inaurance s.nct $1 Poe Uge for FREE 1S1'5.wn.co CatMog Pnc-. Subject to Change

S«tdmmp«J. H tl-MkJreJUd ' ''vWope fro~ .. Monthly SaIu F1yef'_ FREEl

[881Jaineco' I VISA' I

1355 SHOREWAY ROAD, BELMONT, CA 94002
5/85 PHONE ORDERS WELCOME - (415) 592-809 7 - Telex: 176043

Part No.

OPTIONS FOR ProModem 1200
(ProCom Communication Software)... . . . . . . . • .... .. $79.95
Please spec ify Operating System.
(Options Processor) $79.95
(Options Processor Memory - 16K) $10.95
(Options Processor Memory - 32K). . .. . . . . . . ... . . • $20.95
(Options Processor Memory - 64K) $39.95

PM-ALP (Alphanumeric Display) $79.95
PM-Special (Includes Options Processor, 64K Memory
____ and Alphanumeric Display)••• ••• • •• • • •• $189.95

NeW!

RS232 Adapter
for VIC-20 and
Commodore 64

DATASHIELD
Back-Up Power Source
Proted)'OUt COtTlputer rromb1aCk-OU1S.OfOWI'l-OUIS. power
IUrgl1 and IlnoI r'lOIM m ·s PC200 IS dttlO'*l tor PC1

::~:OUltorm::!u::=S~=:mm:=
PC tor . ad1 04tn.M tt anclb'f1 ....~~torl!lkl

Z!l r'nlnUle••hI" pawar " lost Wtoght (f'C200 2"' Ib,) -
- OOJO:)_ 31~lbl l _lAT5OO aJltI s.I -\AlllOOaJlbl)

PC200 (200 Watt Railing )• • • • • • • • • • • •• • $299 .115
XT300 (300 Watt Raitlng ). • • • •• • •• _ •• _13".15
AT500 (500 Watt Rating) , . . , . . $UU5
AT800 (100 Watt RatIng). , ,. $1911.15

____ --======== = "'".:..;...:..:. $"'99::;.""95 t------"---------------------t

TRS-80 COLOR AND COLOR II
Easy to install KIt come1 complele wrttl 8 each -416-4N-20 (2000') 64K
Dynamic RMh and documenlabon lor converSIOn COfIYClf1s TRS-80 Color
Computers witn 0, E. ET, F and NC circuli board s to 32K Also converts
mS-80 CoIof Compuler P to 6-4K Flex OOS or OS-9 required to uhhze
full 64K RAMon ab computer s
TRS·64"-2 $ 29.95

APPLICATIONS: ~ SecurityWarning • Telecommunication
• Teaching • Handicap Aid
• Instrumentation • Games

Part No. Du crtp tlon Price

JE520CM ForCommodore64& VIC-20 .... .. $114.95
JE520AP ForAppl'lI , 1I+ • •ndfie .. $149.95

All Major rs- Computer Memory ;
M anufacture

Nol Micron Expansion Kits 1

APPLE lie
Extended SO-eolumnl6-4KRAMCard Expands memory by 64K to glVO 128K
vmen UM<! Wltnprograms like I/iStCalc"'. Fully assembled alKl le sled

JE864 $99.95

TRS-80 MODEL I, III
Each Krtcome s compklle with eigIrtM MS290 IUP04161-4116\16K Dynamic
RAMs and documentation Jar converSiOn, Modell : 16K.. eQuipped Wltn Ex
panSIOn Interf:!ce can be expanded to -48K'MIn 2 Krts', Model 111;Can be
expanded from 16K to 48K U$l ng 2 Ktls. Eactl KIt will expand comccter by
l &<increments..
TRS-16K3 200ns (Model III)... . . . • .. . $6.29 f - --j. -I
TRS-16K4 250ns (Mode l 1).. • .. • • . . . $5.49

TRS-80 MODEL IV & 4P
Easy to Install KilCOrTlO$compkl !e wrttI 8 ell. -416-4N-20 f2OOns)6-4K DynamIC
RAMsend converSIOndocumentation Converts TRS-SOModoIlV computltf'$
from 16K to 6-4K.A1soexpand s Model ",P!rom 64K to 128K

TRS-64"-2 $ 29.95
(eonv.rts the IIo<»l IV from 16K to &4KOfwillexpancl the Model-4Pfrom
8-4Kto1281Q

TRS-64K2 PAL (Model IV only)• . . . . • . . . $ 49.95
(8 - -41&4'. with Pt\l Chip to . xPMC\ from MK to 128K)

• Over 250 word vocabulary -affixes allow the formation ofmore
than500words . Bulh-Inamplifier, speaker. volumecontrol. and
audio jack. Recru les a dear, natural male voice . Plug-Inuser
ready with documentation and sample software • Case size:
7'h "L x 3'h"W x 1·3/S "H

IBM PC, PC XT and Compatibles
Most of tne popular Momory Boards'(e g Qu3dra m" ExpanSion B03rds)
allowyoo to add an ad<MionaI6-4K, 128K, 192K or 2S6K The IBM6-4KKJI'MII
popu lale Ihese boardSIn 64K byte Increments The KJIis simple to install
;ust insert the 9 - 64K RAMcnlps In Itle prOYIdodsockets alKl sel lne 2group s
of switcnes,Com~!e conVOI"$lOl'l documo nbtlOn Il'IChJded

IBM64K (Nine 200ns 64K RAMs) $33.49

IBM PC AT
Eacn kll comes complete 'Mtn nine 128K dynamic RAMs and documentation
IofconvorSlon

IBM128K (Nine 250ns128K RAMs)... . . $199.95

PM1200
PM1200A

1----------------1 =~~gg:s
MAC PAC
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KEYTAONIC 51~1 • • • • • • , . l M 00f 1" ,00
MOUSE SYSTEMS t.IOUSE WISW. •• , ,"a"
ClUAOBOrAAO W....K• • • . • • ••• • _••• 283 ,00
l"ECMAA GAAf'HCS IoIASTER, . , . _•• 5ot-500
TECMARCAPT~ &o4K ., ••• .3 1aoo
CURT1SPC PEDESTAl. :N 00
PGS or OUAOCHAOtro4e ADAPTOR.• • • . . aoo
TIlT .-,d SWIVEl S TANO •.. . , •• 2100
SYSTEJr.4 STANO.. .• . . .•••• . .•••• . . 2100
EXTENSKlN CABLE IBMMONO . 38 00
KEYBOARD EXTENSION CABLE.. . •.. . 28,00
SURGE SURPR£SSORS.
DlAMONO (LEMONI . . 3a 00
Et.4£RALO (UME) . • . . ",aoo
SAPPHIRf: {PEACHI. . . . . . . . MI 00
PU8Y (ORANG£) . . . ee00
COEX3&-4KMUlTICAPIDwlOK• •• • • •1tKl 00

1'" 100
8 PlnSTIt.P S .13 S .10

' ''' PlnSTIt.P 15 .11
18 Pin STIt.P .17 .12
18 PIn STIt.P .20 .17
20 PIn STI\.P 28 2e
22 Pin STI\.P N 27
24 PIn STIU' 29 27
211Pln ST/l P 3ll 32
38 PIn 8TIlP "5 38
"'0 PlnST/lP .(8 "'2
a.PlnSTItP 3 " 325

WlREWlUJ' (OOl OI , ... 100
aPlnwwJJt.. S ",a 1<40

UPlnWWf1. 82 "a
18 Pln wwrx.. &6 .66
18PlnWWf1. sa T7
2OPlnWW!1. tKl "
22PlnWWI3I.. 1.1a 113
2"PlnW'NJ'3I.. 125 1.17
28 PIn W'N13I.. 1 "i 138
"'OPlnW'NJ'3I.. 1.18 1,75

TEXTOOUZlFZ[ JIK) INSERTION
18 PlnS875 2"'Pln171l6 2aPln$&e5

(We l lOd: .... Typel of $odIell)

Ne,.,
NeH
MeT·M
Jr.4CA·2M.....
"'N27.....

PN222204.
PN23&GA.....,.
2H221aA
2H221aA,.
2N2Sk)7,.,.,,,
'N_,.3838
2N3T72

Qtyl 0 u,."
Qty 100 n'.•1

ADVANCED ~985NOW LIQUIDATING GAVILAN COMPUTER
~ CALL FOR GAVILAN 8/16 LINE COMPUTERS

~ • See Below •GAVILAN SPECIALS ,,00 p~::
If a. I"\' tt\. fllaa., Corporate Buyers ••• 5\.\. "\'O\.

MAIL ORDER PRICING ONLY Call For Volume Quotesl C"
AT MM . • .• . • . • . •• .m.H
n..,; RAM . •• •• •• ••••• , •. "
14K AAM SET•• •• ••• • •24.1$

HEW FACTORY
DIRECT

• • • l.; .o!"~ . .. . ,. #'

NO TICE TO DEALE RS - We Will P.1Y

fop Dollar For Your [ _cess lnven lory

i:J&'U M;f.!;'.JSB;!
AST "C()l,l:9Of"LUS" 84K . . . . . . $ 1'19 00
SIGMA " lrMXIMlZER" a.K . .•. .• .. 2"a a5
SIGMA DtSK COHTAOllfA . • . .• .. 1eua5
HARD 0lSfl: COHTROl.l£R ..•••••• •. 2"a a5
10 Mtl INTERNAL HARD DISK. • . •• •eee00
10 lr.4b EXTERNAL HAAOOISK• •• • • •. aea,oo
15 Mtl INTERNAl HARO asK 64a 00
16 Io'b EXTERNALHARD DISK, •... , l04a 00
eo WATT BOOSTER SUPPlY . •..... l "'a a 5
130 WATT IBM SUPPlY 1M185
PC COMPATIBLE KEYBOAAO.•• • • ••. lXlOO
IBM PC Qt.\SSIS .. .. .. 129 85
Pl.ANTAOHICS " COlOA PLUS.. . . . . , 380 a5
10 lr.4b INT. TAPE STREAMER. • •.. . 116000
P£RSY8T loOK) CARD. •••. . .• • . .. '" 00
PARADISE r.K:lNOICOl.OA ••••• _. • -0408 e5
HEACUlES MOHO CARD. • •• • , • • , , . 388 ,00

SUPER SAVER
SHUGART SAe04 HARD

5Mb DISK
$14 9. 95

FARADAY IBM PCS ROCKWELL AIM

WW·'au' F-i ·"·i ' ·I;F-WM

AlS CP"-l 3.0 PlUS CARD.•• ••• $3:2iOO BLlFJ'£AEO QftAPPl.ER ••• • • • • • • • •"ao~
CO£)( 18K AAhl CAflO, •• . . .SAlE 38 .e!5 GRAPfI'lER SUPER SERIAL .•• SAlE $11Q,D5
OO£J( PAR, PRINTER CARe wICABlE . . •UI,Q5 VlOEO 7 RG8 Itc 110. . . • lag 05
COEX 80 COl. EXT 8« CARO •• SALE ~05 APPlE lie SERIAL CABlE • •3e~
IS PKASO IIOflU'.I .• • •. _•... • . •. . l3lil,~ APPlE'" KEYBOARO <l:O~

KENNSINOTON SYSTEM SAVER. ••.. ,eoD5 APPt..ElIMe POWER SUPPly .• . . . . . . . 6IU'5
KENNSI«JTON PC SAVER.• • • •• • •• • •30 es APfI't..E IlIlIe DISK COHTAOU.EA . . .• • . -40t5
KRAFT JO'rSTlCK ... •...• • •••...• . 3805 APPLf MIll COOUNG FAN SYSTU.. . . 4lU5
UCT Sf'EED DEMON . • . :r..IU I5 STRE£T ECHO " SPEE.Qi SYSTa4 • • • •ell"
MlCACl80fT Z-80 SOFTCAAD • • • • • • . 241.t5 mAN ACCELERATOR . CAAO• • • • • .~06
GRAPPLERPU.IS . . . . • 11' is MZARO eo COl.UMH CARD•• . SALE De 00

CI"U han! .....1( MI DOS e-peUb" 1101 SIng" hwII CoMfIU'er

$348.85 $248. 00

_ .m,?j.f.1:Iw:+f_
5... ·· CASE POWfR SUPPlY lea,a5
5 WI" DUAl.~HI w/POWER SUPPlY 7a a5
a " DUALCASE wlPOWER SUPPlY 2711a5
8" THlNUNE DUAl.wlPOW£R SUPPlY '""
514." HAAOotSK w1P()W(R SUPPlY '" a5
514." '" HIGHHARDDISK '" 95

··'Pij·j ·lF-i' '' j'Wf--
APPlE COhIPATlBl.E 117'" e5
APPLE COfM'ATlBlE ,., HIGH la. 85
IoIK:ft08Cl APPlE Ilc 0RrvE 21a e5
APPlE" 10 APPlE lie ADAPTOR li e5.

en
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z
oa:
I
()
W
...J
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is«a:
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8000
2112 256x4 (450ns) 2.99 8035 5.95 6502 4.95
2114 1024x4 (450ns) 8 /9.95 8039 5.95 6520 2 .95 74LSOO .24 74LS157 .6 5
2114-25 1024x4 (250ns) 8 /10 .95 8080 3.95 6522 5.49 74LS01 .25 74LS158 .59
2114L-4 1024x4 (450ns)(LP) 8 /12 .95 8085 4.95 6532 9 .95 74LS02 .2 5 74LS160 .69
2114L-3 1024x4 (300ns)(LP) 8 /13 .45 8085A-2 11 .95 6551 9.95 74LS03 .25 74LS161 .6 5
2114L-2 1024x4 (200ns)(LP) 8 /13.95 8087-3 129.00 6502A 5 .95 74LS04 .24 74LS163 .6 5
TMM2016-200 2048x8 (200ns) 3.25 8087·6 119.00 6522A 9 .95 74LS05 .25 74LS164 .6 9
TMM2016-150 2048x8 (150ns) 3.75 8088 19 .95 6551A 11 .95 74LS08 .2 8 74LS165 .9 5
TMM2016-100 2048x8 (100ns) 4 .75 8155 6.95

6800 74LS09 .29 74LS166 1.95
HM6116-4 2048x8 (200ns)(cmos) 3.69 8155-2 7.95 74LS10 .25 74LS169 1 .75
HM6116·3 2048x8 (150ns)(cmos) 3.95 8156 6.95

68000-8 39.95 74LS11 .3 5 74LS173 .6 9
HM6116LP-4 2048x8 (200ns)(cmos)(LP) 3 .95 8748 24.95

6800 2.95 74LS12 .35 74LS174 .55
HM6116Lp·3 2048x8 (150ns)(cmos)(LP) 4.25 8755 24 .95

6802 7.95 74LS13 .4 5 74LS191 .8 9
HM6264P-15 8192x8 (150ns)(cmos)(LP) 17.95 8200 6809 8 .95 74LS14 .59 74LS192 .7 9

LP =Low Power 6809E 8.95 74LS20 .2 5 74LS193 .7 9
8203 39 .95 6821 2 .95 74LS21 .29 74LS194 .6 9

DYNAMIC RAMS 8205 3 .50 6845 12.95 74LS26 .29 74LS195 .69
8212 1 .80 6850 3.25 74LS27 .2 9 74LS197 .79

16384x1 (250ns) 8 /6.95 8216 1 .75 6883 22.95 74LS32 .29 74LS221 .8 9
16384x1 (200ns) 8 /8.95 8228 3 .49 74LS33 .5 5 74LS240 .95
16384x1 (150ns) 8 /10.95 8237-5 15.95 DlSKCONTR 74LS37 .3 5 74LS241 .99
65536x1 (200ns)(5v) 9 /19.95 8243 4 .45 74LS38 .35 74LS242 .9 9
65536x1 (150ns)(5v) 9/21.95 8250 10.95 1771 15 .95 74LS40 .25 74LS243 .99
65536x1 (150ns)(5v) 7 .95 8251A 4 .49 1791 23.95 74LS42 .49 74LS244 1 .29

5v. Single 5 Volt Supply 8253 6 .95 1793 23.95 74LS47 .75 74LS245 1 .49
8253-5 7 .95 UPD765 19 .95 74LS51 .2 5 74LS251 .59

EPROMS 8255 4 .49 74LS73 .39 74LS253 .5 9
8255-5 5 .25 INTERFACE 74LS74 .35 74LS257 .59

2708 1024x8 (450ns) 3 .95 8259 6 .90 74LS75 .3 9 74LS258 .5 9
2716 2048x8 (450ns)(5v) 3 .95 8259-5 7 .50 8T26 1 .59 74LS76 .3 9 74LS259 2 .75
2716-1 2048x8 (350ns)(5v) 4 .95 8272 19.95 8T28 1 .98 74LS85 .69 74LS260 .59
TMS2532 4096x8 (450ns)(5v) 4 .95 8275 29.95 DM8131 2 .95 74LS86 .39 74LS266 .5 5
2732 4096x8 (450ns)(5v) 4.25 8279 6.95 DP8304 2.29 74LS90 .55 74LS279 .4 9
2732A-4 4096x8 (400ns)(5v)(21vPGM) 4.95 8282 6.50 74LS92 .55 74LS280 1 .98
2732A-35 4096x8 (350ns)(5v)(21vPGM) 4 .95 8284 5 .50 CLOCKCHIPS 74LS93 .55 74LS283 .6 9
2732A 4096x8 (250ns)(5v)(21vPGM) 6.95 8286 6.50 MM5314 4 .95

74LS107 .39 74LS290 .8 9
2732A-2 4096x8 (20 0 ns )(5 v)(21vPGM) 10.95 8288 14.95 MM5369 1 .95

74LS109 .39 74LS293 .89
74LS112 .39 74LS299 1 .752764 8192x8 (450ns)(5v) 4.95 ZSO MM58167 8 .95 74LS122 .4 5 74LS323 3 .502764·250 8192x8 (250ns)(5v) 5 .25 M5M5832 3 .95

2764-200 8192x8 (200ns)(5v) 8.95 2.5 Mhz 74LS123 .7 9 74LS365 .4 9
27128 16384x8 (250ns)(5v) 13.95 Z8O-CPU 2.49 DATAACQ 74LS124 2 .90 74LS367 .4 5
27256 32768x8 (250ns)(5v) 29.95 Z80-CTC 2.95 74LS125 .4 9 74LS368 .4 5

5v = Single 5 Volt Supply ZBO-PIO 2.95 ADC0804 3.49 74LS126 .49 74LS373 1 .39

280-510/0 9.95 ADC0809 4.49 74LS132 .59 74LS374 1.39
21 vPGM = Program at 21 Volts

ADC0817 9 .95 74LS136 .3 9 74LS377 1.39

SPECTRONICS CORPORATION 4.0 Mhz DAC0808 2 .95 74LS138 .55 74LS390 1.19
Z80A-CPU 2.49 MC1408L8 2 .95 74LS139 .55 74LS393 1.19

EPROM ERASERS Z80A-CTC 3.95 74LS145 1.20 74LS640 2 .20
Z80A-DART 8.95 SOUNDCHIPS 74LS148 1.35 74LS645 2 .20

Chip Intensity Z80A -PIO 3.95 74LS151 .5 5 74LS670 1.49
Timer Capacity (uW /Cm2 ) Z80A-SIO /O 10.95 76477 3 .95 74LS153 .55 74LS682 3 .20

9 8.000 83.00
6.0 Mhz

76488 5 .95 74LS154 1 .90 74LS688 2 .40
X 9 8.000 119.00 AY3-8910 12.95 74LS155 .69 81LS95 1.49
X 9 9.600 175.00 Z80B-CPU 8.95 551263 39 .95 74LS156 .69 25LS2521 2.80

7400 74S00 ****HIGH·TECH**** LINEAR
7400 .19 7492 .50 74500 .3 2 J.lPD765 FLOPPY DISK CONTROLLER

TL084 2 .19 NE564 2.95
7401 .19 7493 .35 74502 .3 5 LM301 .34 LM565 .99
7402 .19 74100 1 .75 74504 .3 5 * AS USED IN IBM PC LM307 .45 LM566 1.49
7403 .19 74107 .30 74505 .3 5 * 5UPPORT5 UP TO FOUR 5'1. ' LM308 .69 NE592 .98
7404 .19 74116 1 .55 74508 .35

OR 8" DI5K DRIVE5 $19.95 LM309K 1.25 LM733 .98
7405 .2 5 74121 .29 74510 .3 5 LM310 1.75 LM741 .35
7406 .2 9 74122 .4 5 74511 .35 * 51NGLE OR DOUBLE DEN5ITY• LM311 .64 LM747 .69
7407 .29 74123 .4 9 74520 .3 5 51NGLE OR DOUBLE 51DED LM317T 1.19 LM1310 1.49
7408 .24 74125 .4 5 74532 .4 0 * DMA OR NON-DMA OPERATION LM317K 3.95 MC1330 1.69
7409 .19 74126 .4 5 74537 .88 LM318 1.49 MC1372 6.95
7410 .19 74132 .45 74574 .50 ****SPOTLlGHT**** LM323K 4.95 LM1458 .59
7411 .2 5 74145 .6 0 74586 .5 0 LM324 .59 LM1488 .69
7413 .35 74148 1 .20 745112 .5 0 LM331 3.95 LM1489 .69
7414 .4 9 74150 1 .35 745124 2 .75 LM334 1.19 LM1496 .85
7416 .25 74151 .55 745132 1 .24 CRYSTALS UARTS LM335 1.40 LM1800 2.37
7417 .2 5 74153 .5 5 745133 .4 5 LM336 1.75 LM1812 8.25
7420 .19 74154 1 .25 745138 .85 32 .768Khz 1.95 AY5-1013 3.95 LM337T 1.95 LM1889 1.95
7421 .35 74155 .7 5 745139 .8 5 1.0Mhz 3.95 AY3-1015 6.95 LM338K 3.95 ULN2003 1.29
7425 .2 9 74157 .5 5 745140 .55 1.8432 3.95 TR1602 3.95 LM339 .99 XR2206 3 .75
7427 .2 9 74159 1 .65 745151 .9 5 2.0 2.95 2651 8.95 LM348 .99 XR2211 5.25
7430 .19 74161 .69 745153 .9 5 2.4576 2.95 IM6402 7 .95 LM350K 4.95 CA3146 1.85
7432 .29 74163 .6 9 745157 .9 5 3.579545 2.95 BIT-RATE LF351 .60 LM3900 .59
7437 .29 74164 .85 745158 .9 5 4.0 2.95 GENERATORS LF353 1.00 LM3911 2.25
7438 .29 74165 .85 745161 1.95 5.0 2.95 LF356 1.10 LM3914 3.95
7442 .4 9 74166 1 .00 745163 1 .95 5.0688 2.95 BR1941 11 .95 LF357 1.40 MC4024 3.95
7445 .69 74173 .7 5 745174 .9 5 6.0 2.95 4702 12 .95 LM358 .69 MC4044 4 .50
7447 .69 74174 .8 9 745175 .9 5 6.144 2.95 COM8116 10 .95 LM359 1.79 RC4136 1.25
7448 .6 9 74175 .8 9 745240 2.20 8.0 2 .95 14411 11.95 LM377 1.95 75150 1.95
7473 .3 4 74185 2 .00 745241 2 .20 10 .0 2 .95 M ISC. LM383 1.95 75154 1.95
7474 .33 74192 .7 9 745244 2 .20 10 .738635 2.95 LM386 .8 9 75188 1.25
7475 .45 74193 .79 745280 1 .95 14 .31818 2 .95 LM393 1.29 75189 1.25
7476 .3 5 74194 .8 5 745287 1.90 15.0 2 .95 LM393 1.29 75451 .39
7483 .50 74259 2.25 745288 1.90 16 .0 2.95 TL497 3.25 75453 .39
7485 .59 74367 .6 5 745373 2.45 17 .430 2 .95 NE555 .34 75477 1.29
7489 2 .15 74368 .6 5 745374 2.45 18.432 2.95 NE556 .65 75492 .79
7490 .3 5 74393 1.35 745471 4.95 20.0 2 .95 T=TO-220 K =TO-3
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IF PURCHASED WITH

$ 8 95 50 DISKETTES OR MORE
• $9 .95 if purchased alone

$1.39 ea. $1 A9 ea. $1.59 ea.
Q1Y 250 Q1Y 100 Q1Y 50

* SMOKED ACRYLIC CASE
WITH SIX INDEXED DIVIDERS

* RUGGED, HIGH QUALITY
CONSTRUCTION

* HOLDS 70 5';"" DISKETTES.
WITH ROOM TO SPARE

NASHUA DISKETTES 5'14' SOFT SECTOR
DOUBLE SIDED, DOUBLE DENSITY WITH HUB RINGS

BULK PACKAGED IN FACTORY SEALED BAGS OF 50. INCLUDES
DISKETTE SLEEVES AND WRITE PROTECT TABS . IDEAL FOR SCHOOLS,
CLUBS, AND USERS GROUPS . THIS IS A SPECIAL PURCHASE, SO

QUANTITIES ARE LIMITED. 5 YEAR WARRANTY .
LIGHT EMITTING DIODES

JUMBO DISPLAYS
1-99 100-up

RED .10 .09
GREEN .18 .15
YELLOW .18 .15

IDE 20
IDE 26
IDE 34

SWITCHING POWER SUPPLIES
PHS1IC PS-3

MODELAA 12110 ASTEC AA11190
+12V @2A +5V @4A
-12V@ .1A +12V @ 2.5A
+5V @ 2.5A or -5V @ .25A

5A if 12V not used -12V @ .30A

19.95 39.95

5%" DISK DRIVES
TANDON TM100-2 DS /DD
SHUGART SA400L SS/DD
MPI B52 DS /DD
TEAC FD55B V, Ht. DS /DD
TEAC FD55F V, Ht. DS /Quad

8" DISK DRIVES
SIEMENS FD200-8 DS /DD
SIEMENS FD100-8 SS/DD

BEST SELLING IDC CONN.
RIBBON HEADER SOCKETS

IDS 20 2.25 IDS 40
IDS 26 1.39 IDS 50
IDS 34 1.59

RIBBON EDGE CARDS
2.25 IDE 40
2.65 IDE 50
2.75

105.00
169.00
279.00
199.95

19.95
34.95

9.95

39.95
79.95
49.95

169.95
139.95
179.95

49.95
159.95
129.95
129.95

39.95
49 .95

259.95
419.95
159.95
129.95
109.95
27.95
29.95

DISKETTE FILE

ACCESORIES & PERIPHERALS
FOR IBM

MAXIMIZER Memory Multifunction
HAYES SMARTMODEM 1200B
130W POWER SUPPLY
TEAC FD-55B 'h Ht. Disk Drive. DS/DD
MPI-B52 5W' FDD. DS/DD
PROTOTYPE CARD
PROTOTYPE CARD With Decoding

FOR APPLE
JDR 16K RAM CARD
EPROM PROGRAMMER RP525
PRINTMAX P....llel printer interfece
BAL-500 VZHt. Disk Drive. Teec Mechanism
BAL-525 'h Ht. Disk Drive, Alps Mechanism
MITAC AD-1 Full Height. Shugart Mechanism
DISK CONTROLLER CARD
VIEWMAX-80 80 Column For Appl e 11+
VIEWMAX-80e 80 Column For Apple lie
THUNDERCLOCK Official PRODOS Clock
KRAFT JOYSTICK
&OW POWER SUPPLY

MISCELLANEOUS
ZENITH ZVM-123 15 MHz Green Monitor
NEC JB1201 M 20 MHz Green Monitor
BMC BM-AU9191 U Comp .13" Color Monitor
BMC BX·SO PRINTER
NASHUA DISKETTES SS/SD Box of 10
VERBATIM DATAUFE DISKETTES DS/DD
DISKETTE FILE Holds 70 Diskettes

100/6.00
100/8.00

100/12.00
100/15.00

CAPACITORS
ELECTROLYTIC

RADIAL AXIAL

50v .14 10 50v .16
50v .15 22 16v .14
35v .18 47 50v .20
16v .18 100 15v .20
35v .20 150 25v .25

50v MONOLITHIC
.14 .1 .18
.15 .47 .25

50v DISC
.05 470 .05
.0 5 560 .05
.0 5 680 .0 5
.05 820 .05
.05 .0 01uf .05
.05 .0 015 .05
.05 .0022 .05
.05 .005 .05
.05 .0 1 .07
.05 .02 .07
.05 .05 .07
.0 5 .1 .12

BYPASS CAPS
50v
12v
50v
50v

ICSOCKETS
1·99 100

.13 .11

.15 .12

.17 .13

.20 .18

.29 .27

.30 .27

.30 .27

.40 .32

.49 .39
64 pin ST 4.25 call

ST=SOLDERTAIL
8 pin WIN .59 .49

14 pin WIN .69 .52
16 pin WIN .69 .58
18 pin WIN .99 .90
20 pin WIN 1.09 .98
22 pin WIN 1.39 1.28
24 pin WIN 1.49 1.35
28 pin WIN 1.69 1.49
40 pin WIN 1.99 1.80

WIN=WIREWRAP
16 pin ZI F 4.95 call
24 pin ZIF 5.95 call
28 pin ZIF 6.95 call

ZIF=TEXTOOL
(Zero Insertion Force)

D-SUBMINIATURE TRANSISTORS

MOUNTING HARDWARE-s1.00
FOR ORDERING INSTRUCTIONS, SEE IDC CONN. ABOVE.

DESCRIPTION

LE
FEMAL

FEMALE

FEMAL

DBxxP
DBxx

B x R
DBxxSR

xx
ID xx

CONTACTS
9 15 25

1.19 1.59 1.90

1 .
2 .18 3.

37
2 .85

2N2222
PN2222
2N2905
2N2907

1N751
1N759
1N4148
1N4004
KBP02
4N33

.25 PN2907

.10 2N3055

.50 2N3904

.2 5 2N3906

DISCRETE
5.1v zener
12 .0v zener
(1N914) sw it c h ing
400PIV rectifier
200PIV 1.5a bridge
OPTO-ISOLATOR

RIBBON CABLE
SINGLE COLOR COLOR CODED

VOLTAGE
REGULATORS

.75 7915T .85

.35 7805K 1.39

.75 78H05K 9.95

.7 5 7812K 1.39

.75 7912K 1.49

.85 78L05 .69

.85 79L05 .79
7912T .8 5 79L12 .79

C. T=TO-220. K=TO-3. L=TO-92

CMOS
.25 4027 .45 4066 .39 4538
.25 4028 .69 4069 .29 4543
.25 4029 .79 4070 .35 4553
.25 4040 .75 4071 .29 4584
.38 4042 .69 4081 .29 74COO
.39 4046 .85 4082 .29 74C04
.39 4047 .95 4093 .49 74C14
.69 4049 .35 4503 .65 74C74
.79 4050 .35 4511 .85 74C906 .95
.75 4051 .79 4518 .89 74C922 4.49
.29 4053 .79 4520 .79 74C9234.95
.65 4060 .89 4528 1.19 74C926 7.95
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• Pho " . o"eI Mo.1
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Ou llid . USA
S. " d $2 .00

• Sal. , a rid Ord.r Delli:
Op . .. frO M 6 ·00. lit t" ST)

• TUMS; C.O.D.• V••• ,
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I
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MANUFACTURERS OF QUALITY
ELECTRONIC COMPONENTS

• BA TTERY C Ll PS &. H O LD ERS

• CA B LE SETS . C O N N EC T O R S . CAP ACI TO R !.

• DI S PLA YS. LED! . FU SES. JAC KS " PLU GS

• KNOBS . LA M P S. PO TENTIO METE R S

• R.F CO IL S. R ELAY S . R ESI STO R S

• SWIT C HES . SE MIC ON D UC T O RS . SPE A KER S

• TES T EO UIP ME N T • TR A NSF OR M ERS . TOOL S

• WI RE" CA BLE

OVER 15 ,000 DIffERENT ITEMS IN STOCKI

MOUSER ELECTRONICS
11433 WOO DSIDE AVE. SANTEE. CA 92071
PHONE ( 619) 449 ·2222 TWX 910 ' 33 1- 1175

..................."" " , \
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Cali 601 -323-5869 in Miss., outside continental
USA, tech/order/repair info. TELEX 53-4590.

MFJ ti.~t~~::lf~DS,
Box 494, Miss issippi State, MS 39762

THE BEST PRICES

New MFJ·1024 Active Receiving
Antenna mounts ou tdoors away from
electrical noise for maximum signal.

Gives excellent reception of 50 KHz
to 30 MHz signals, Equivalent to wlre
hundreds of feet long. Use any SWL,
MW, BCB, VLF or Ham rece iver.

High dynamic range RF amplifier. 54
in. whip, 50 foot coax. 20 dB attenuator
prevents receiver overload . Switch be
tween two receivers . Select auxiliary or

active antenna. Gain control. "ON"
LED. Remote unit, 3x2x4 in. Control ,
6x2x5 in. 12 VDC or 11 0 VAC with

, optional adapter,
MFJ-1312, $9.95.

$129i~~,
Order from MFJ and try it. If not delighted,

return within 30 days for refund (less shipping).
One year unconditional guarantee.
Order today. Cali TOLL FREE 800·647·1800.

Charge VISA, MG . Ormail check, money order.
Write for free cata log. Over 100 products.

I : II I' : I I

20 HURLEY ST.

UNIT~CH CAMBRIDGE, MA 02141
'i TEL:I:SI7l"UNI-TECH"

ACTIVE
RECEIVING
ANTENNA

Gives excellent reception,
50 KHz to 30 MHz.

ON'T
BLAME THE
SOFTWAREI

ISO-} ISOLATOR
3 isolated sockets; qualit y spike
suppression; bas ic protection.. 81.95

ISO-3 SUPER·ISOLATOR
3 dual isolated sockets; suppressor;
commercial protection...... 122.95

ISO-} 7 MAGNUM ISOLATOR
4 quad isolated sockets; suppressor;
lahoratory grade protection. . 8213.95

Our Isolators eliminate equipment
interaction, clean up interference,
curb damaging power line spikes
and
lightning
bursts.

~ Electronic Specialists, Inc .
171 S. Main . Natick . MA01760 (617)655'1532

Toll Free Order Desk 1'800-225-4876
MasterCard. VISA. American Express

SNOOPERPHONE- Allowsusertocall hispremisesandlisten
inwithout phoneever ringing.
SNP20 Assembled $89.50
SNP2 Plans 59.00 SNP2K Plans/Kit.....SS9.50
LONG RANGE WIRELESSMIKE- Miniaturedeviceclearly
transmitswell over onemile. Super sensitive, powerful.
MFT1 ........ Plans....:...$7.oo MFTl K.....Plans/Kit... ..S49.5O
WIRELESSTELEPHONETRANSMITIER - Transmitsboth
sidesofphone conversationover one mile,shutsoffautomatically.
VWPM5...... Plans...... sa.oo VWPM5K...Plans/Kit...S39.5O
TALK & TELL AUTOMATIC TELEPHONERECORDING
DEVICE - Great for monitoring telephone use.
TAT20 Assembled $24.50
TAT2 Plans 55.00 TAT2K Plans/Kit... ..514.50
Our phoneisopenforordersany1Jme.Technicians areavailable 9·11
a.m..Mon·Thursforthoseneedingassistanceorinformation. Send
S1 .00forca1alogofhundreds more similardevices.Send check, cash,
MO, Visa, MC, CODto: INFORMATION UNLIMITED

DEPTRS.PO. Box 716. Amherst. N. H. 03031Tel : 603·673·4730
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PERSONAL DEFENSEAND PROPERTYPROTECTION
UTILIZE SPACE AGE TECHNOLOGY.
CAUTION THESE OEVICESCAN BE HAZAROOUSANDMAY SOON
BE ILLEGAL.
POCKET PAIN FIELD GENERATOR-IPG50
Assembled $64.
IPG5 Plans sa.oo IPG5K Kit/Plans $44.5

• PHASORPAIN FIELDCROWDCONTROLLER- PPFl 0
Assembled 5250.00
PPFl Plans 515.00 PPFl K Kit/Plans 5175.oo
BLASTER - Providesaplasmadischargecapableofpuncturing
a can. Produces a 100,000WATTPULSE.
BLS10 ASSEMBLED $89.50
BLSl . . PLANS .. S10.OO BLS1K .. KTI/PLANS .. S69 .50
PLASMA STUN GUN · Very intimidatingand affective5 to10
feet100,000VOLTS
1TM10 ASSEMBLED S99 .5O
1TM1 . . PLANS . . S10.00 ITM1K . . KIT/PLANS . . S69 .50
RUBY LASER RAY GUN- Intensevisibleredbeamburnsand
weldshardest of metals. MAYBE HAZARDOUS.
RUB3AII Parts Available for Complellng Dev/ce$15.oo

• CARBON DIOXIDE BURNING, CUTIING LASER - Pro
ducesacontinuousbeamofhighenergy.MAYBEHAZARDOUS.
LC5..AII Parts Available for Complellng Dev/ce ..$15.oo
VISIBLELASER LIGHTGUN- produces intenseredbeamfor

• sighting, spotting, etc. Hand held complete .
LGU3..Plans..$10.oo(KII & Assembled Unlls Available)
IR PULSED LASER RIFLE - Produces 15-30watt infra-red
pulsesat200·2000 persec.
LRG3 AII Parts & Diodes Avallab/e $10.oo
BEGINNERS LOW POWERVISIBLE LASER - Choiceof
red,yellow, green- providesanexcellentsourceofmonochromatic
light.
LHC2 Plans 55.00 LHC2K Kit. $34.50
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Un surp assed quality at an unb eatab le price. the Ramsey osc illo
scope co mpares to ot hers costing hundreds more. Features include
a com po nent testing circ ui t fo r res isto r, capacito r. digi tal circuit and
diode testi ng. • TV video syn c filt er . wide bandwidt h & hi gh sensi 
tivity • in terna l graticu le • fron t pa nel trace rotator. Z axis . high
sensitiv i ty x-y mode . regulated pow er supply . bui lt- in calibrator
• rock so lid t rigge r ing
*USA-Add $10.00 per unit for postage , overseas orders add 15%
of total order for Insured surlace mail.

high quality hook on
probes Included

45 MHz DUAL SWEEP OSCILLOSCOPE
$79995 *The Ramsey625 ISII dual time base. delayed sweep Unit that includesa bUIIHn

signal delay line to permit clear vIewing dunng veryshort nse nmes of high fre
quency waveforms Other features mcrcoe. vanable trigger holdoff • 20 can
brat ed sweeptime ranges from 0 5 sldrv to 0 2 Jl5! orv • fUlly adjustable sweep
time . X5 sweep magnification . uve trtgger sources. CH1. CH2. lINE EXTernal
and INTernal (V mode) • front panel x-y c peret.c n. Z aXIs mput • sumOIHer·
enee of CH1. and CH2 waveforms displayed as Single trace . sweep gate and
sweepoutput . auto focus . single sweep
' Same as unit to left

20 MHz DUAL TRACE OSCILLOSCOPE *
$39995
hlgh quality hoclt CX1.,.-1ncIudod

RAMSEY 0-1100
YOM MULTITESTER
Comp act and re liab le, des ign ed 10
servi ce a wide variety of equipm ent.
Featu res include . mirr or back
scale . doub le-j eweled pr ecisio n
moving coil . dou ble over load pro
tection • an ideal low co st un it fo r
th e begi nner or as a spare back-up
unit.

$199 5 test lead••nd
b.Uery included

NEW RAMSEY 1200
YOM MULTITESTER
Check transisto rs, diodes and
LEOs wit h this pro fessional qua lity
meter. Other features lnctude:
decibel scal e . 20K volt metering
sys tem . 3W' mir ror ed sca le .
po larity switc h . 20 measur ing
rang es. safety probes . high
imp act pla stic case

$249 5 te.t lead• • nd
batte ry Inc luded

RAMSEY 0-3100
DIGITAL MULTIMETER
Rel iable , accurate d igital mea
sure ments at an amazing ly low
cost . in- line color code d pu sh
buttons. speeds range selecti on
• abs plastic tilt stand . recessed
input jacks. overload protection
on all ranges. 3'h digit LCD dis
play with auto zero, auto pol arit y
& low BAT. indicato r

$499 5 te. t lead• • nd
batt ery Included

';0.: --
CT-70 7 DIGIT 525 MHz
COUNTER
Lab qualit y at a breakth rough pric e. Featu res

:e?:t~%~:~;rer~i~:; :agCa~:~~~i~rt~ ~:;'J:c:t~~al
• SOmV @ 150 MHz typ ical sensttlvity e wide
frequency range . 1 ppm acc uracy

$1199 5 wired Incl ude.
AC adapl er

CT-70 kit . $99.95
BP-4 nica d pack . . .. . .. . . . . . . . . . . . ... 8.95

CT-90 9 DIGIT 600 MHz
COUNTER
The most versati le for less than $300. Featu res 3
selectab le gate tim es . 9 dig its . gate indica to r
• display hold . 25mV @ 150 MHz typica l sen
sit ivity • 10 MHz timebase fo r WWV cal ibratio n
• 1 ppm acc uracy

$1499 5 wi red Include.
AC adapter

C T-90 kit $129 .95
OV- 1 0.1 PPM oven tim ebase . . . . • • . . . . . • . 59.95
BP-4 nicad pack 8.95

CT-1259 DIGIT 1.2GHz
COUNTER
A 9 digit counter th at will outperform uni ts cost
ing hundreds more. • gate indicator. 24mV @
150 MHz typ ical sensitivity . 9 dig i t display
• 1 ppm accur acy . disp lay hold . dual inputs
with preamp s

$1699 5 wired Include.
AC adapter

Bp·4 nlc ad pac k •. . .• . .• . .• .•• . . . . . . . . . . . . 8.95

CT-50 8 DIGIT 600 MHz
COUNTER
A versat ile lab bench cou nter with opt ional
receive frequency adapter, which turns the CT
50 into a dig it al readout for most any receiver
• 25 mV @ 150 MHz typical sensitivity . 8 digit
display . 1 ppm acc uracy

$1699 5 wir ed

C T-SO kit .•. . • ... . .. . •.... . . . . ... •.. • $139. 95
RA-1 receiver adapter kit .. . • .. ... .. . ... . . 14.95

800A06ANO Rf' PAEJI,MNlflER
10...., · · 0><1

DM-7ooDIGITAL MULTIMETER
Profession al quali ty at a hob by ist price. sea
tu res include 26 diff erent ranges and 5 func
tio ns • 3'h digit . 'h inc h LED display . auto
mat ic deci mal placement . auto matic polarit y

$11995 wired Include.
AC adapter

OM-l OOkit S99.95
MP-1 probe set 4.95

PS-2AUDIO MULTIPUER
The PS-2 is hand y fo r hig h resolu tion audio
resol ution measurements, mult iplies UP in fre
quency • gr eat fo r PL tone measu rement s
• mu ltiplies by 10 or 100 • 0.01 Hz resol ut ion &
bui lt - in signal preamp/co nd it ioner

$499 5 wir ed

PS· 2 kit. $39.95

PR-2 COUNTER PREAMP
The PR·2 is ideal for meas uring weak signals
f rom 10 to 1,000 MHz . flat 25 db gain . BNC
co nnectors . gr eat for shifting RF • ideal
receive rfT V pr eamp

$44 9 5 wired Inc lud e.
AC adapter

PR-2 ki t. $34.95

PS-1B600 MHz PRESCALER
Extends the range of you r present counte r to
600 MHz . 2 stage preamp . divide by 10 cir
cuitry • sensitivi ty ; 25mV @ 150 MHz . BNC
connecto rs . dr ives any counter

$599 5 wlrodlnc lud<t.
AC adapter

PS- 18 kit $49.95

ACCESSORIES FOR RAMSEY COUNTERS
Telescopic Whip antenna-BNC plug . . S 8.95
High impedance probe, light loading . .. 16.95
Low pass probe, audio use . . . . . . . . . . . 16.95
Direct probe, general purpose use . . . .. 13.95
Tilt bail,lor CT-70, 90, 125 3.95

1.& .1 .~ - ~

PHONE ORDERS CALL
716-586-3950

TELEX 466735 RAMSEY CI

TERMS: • satisfactionguaranleed • examinelor 10 days: II notpleased. returnin
original lorm for relund • add 6'10 lor shippingand insurance to a maxim um 01
S10.00 • overseas add 15%forsurfacemail • COO addS2.50ICOO in USA onlyl
• orders under S1500addS1.50 • NY residentsadd7'" sales tax ' 90day parts
warranty onall kits ' 1year paris& labor warranty onall wired units.

~ RAMSEY. ELECTRONICS, INC.

~~~~~i:I~I.r~.~.di4626 ...
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RS232 TRANSMISSION LINE TESTER

New-Tone Electronics 43

Phil ips Tech 124

Phoenix Electronics 28

PTS 32

Pacific Cabl e 123

90 Paia 46

253 PanaVise 103

68,274,297, Philips ECG CDIO

298,299

116

260

89

MIDWESTfTexasiArkansas/Ok la.

Ralph Ber gen
Rad io-Ele ctronics
540 Frontage Road - Suite 325
No rthfie ld , IL 60093
312-446-1444

267 Quietrole 107

254 RAG Electronics 44 ,45

RCA D&SP 22 ,27

ADVERTIS ING SALES 212-777-64 00

Larry Steck ler
p ub lisher

She lli Wei nma n
advert ising associate

Arline Fishman
adve rt is ing coordinator

Lisa Strassman
cred it ma nage r

Donna Sala
c redit ass oci at e

Naomi Matten
ad ver tisin g assista n t

PACIFIC COAST/ Mountain States

Marvin Gre e n
Radio-Ele ctronics
15335 Mo rriso n St.-Suite 227
She rma n Oaks , CA 91403
818-986-2001

Sales Office s

EAST/SOUTHEAST

Sta n ley Levitan
Radi o-Ele ctron ics
200 Pa rk Ave . So ut h
New York, NY 10003
212-428-6037,21 2-777-6400

Ge rns back Pub licati ons, Inc.
200 Par k Ave. So uth
Ne w Yo rk, NY 10003
(212) 777-6400
Chairma n of the Board:

M. Ha rvey Gernsback
Pres ide nt : Larry Steckler

125 Power Plus 103

Rad io Shack 127

Ramsey 137

Regency 1

Sintec 42

Spartan Electronics 138

Tektronix CV2

Texas Instruments 36

264 Unitech 136

271 Wavetek 26

78

70

257

73

75

. . .. . ...... . 121Barta .

Beckman Instruments 24,25

CIE 38

Chaney 136

Chemtronics 28

Command Productions 107

Communications Electronics 2

Coop 's Satellite Digest. 15

DICK SMITH EL ECTRONICS . . 57-72

Deco Industries 102,103

Dieh l En gineering 106

Digi-Key 133

Digital Research Computers 122

Digitron 104

Dokay 128

Educalc Publications 47

Elec . Industry Association 113

Electronic Salvage Parts 119

Electronic Specialists 136

Electronics Book Club 7

Elephant Electronics 103

Etronix . . . . . . . . . . . . . . . . . 118

Fircstik II . . . . . . . . . . . . . . . . . . . . . . 118

Fluke Manufacturing 5

Fordham Radio 13,37,CV4

Galaxy 103

Gemini Electronics CD2

Grantham College of Engineer ing 48

Heath 17,89.9 1

JDR Microdevices .. : 134. 135

Jameco 130.13 1

James Walter Sa tellite Rec: 103

Jensen Tools ' 103

Kepro Circuit Systems 46

Logical Technolo gies 102

MC M Audio 125

MFJ 136

McGraw Hill Book Club 29

McIntosh Labs 16

Micro-Mart 124

Mouser 136

NRI .. .. . . . . .. . . . . . . . . . • . . .. . .. .. 8

NTS 18

A.I. S. Satellite 102

A.W. Sperry 115

AMC Sales 120

AP Products 23

Active Electronics 126

Advance Electronics 33.34,35

Advanced Computer Products 132

All Electronics 129

Amazing Devices 136

Appliance Service 103

Augat 122

B&K Precision CV3

BUYUS . . . . . . 103

ADVERTISING INDEX

252

265

RADIO-ELECTRONICSdoes not assume any respons ibility for errors that may appear
in the index below.

Free Information Number Page

67

270

117

269

60

261

120

III

100

251

86,262

113

114

124

115

258

273

87

105

255

266,272

256

82

57

110

109

54

79

106

107

72

84

52

77

53

263

50

108

76

98

21.95

S1Y.95

- T,st s tf!'lllphone ~ "., l" ncl >Ol'lS lhat att«1
telephoneO!=*.llon

-1Jo<" ..s~neal'lClf\ng\iOhag.lttYt<s
- Chedo:.sconditiOI'! ol lelephot1e ~ne from

CI.,lral oIloCe10 II'MU telephone~
- Vet"," ,,' opheIM bne ~r.tr thlIt c.n

Vlect po' ''''IyS«lS,we le ltphones

Features; •All 25 Stgn;tllinesiI xesslble •Dual
Color- RedGreen

Atussories: t Cable 10· male 10Female Extension
JumperSet 6 Sll4Ilght

1 J-Jumper

RS232 to Centronics 6 '
para llel printer cable

10'lollhR ...

!II - IOI ...scee c .....

IN STOCK

The Next Logical Step in Test Instrumentation
n..=~':=;':==-.:',I~~oM

CABLES
RS232 male-male 6' 14.95
pins 1-8 & 20

.ll .... o....kl.\, .. n

. , .. Rant., "c o,......
Ll&M ....ftctM,lhM lleW

Vmyl Case
till for quntity prittS .

r_ lOI n--lf_D~

~100 Ilil ...... ...... \ ",-,"

REFURBISHED MONITORS
9" and 12" Bell & Howells
or GBC Commercial Grade
as low as -
$10.00 off with a purchase
of 2 refurbished monitors

BEFORE YOU PAY SS FOR ATELEPHONE
SERVICE CALL, TEST IT YOURSELnFr>7lII__
Telephone Line Analyze Model .. 1042 BJjjjjjJjJJjJjJ

~

Jerrold 58 Channel Wireless
Remote Converter $84.95
Jerrold 36 Channel Remote
CATV Co nve rte r wlo n/n ff Fin e
Tuning $74.95

CIJ
o
Zo
a:
fo
ur
-'w
o
(3
<:a:
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Model DVM·636

$6275
8 funct ions, 37 ranges.
Capac itance measurement
inclu ded.

FEATURES . Overload Protection. Auto
decimal LCD readout . Polarity Indication
• 3000 hour battery life with9V transistor
battery . Low battery indication

11 func tions , 38 rang es.
Includes logic level detector,
aud ible visual co ntinu ity,
capacitance and co ndu ctance
measurement.

Model DVM·638

$7995

SCOPE HAND-HELD DIGITAL

CAPACITANCEand
MULTIMETERS
.0.5% DC Accuracy
• Highest Quality
• Highest Performance
• Lowest Prices

Digital Multimeters
• DC Voltage 100 uV - 1000 V
• AC Voltage 100 uV - 750 V
• AC/DC Current 200 uA - 10 Amps
• Resistance 20 Megohms
• Capacitance (DVM 636/638) 1 pF - 20 uF

7 functions, 32 ranges.
Transistor measurement
inclu ded.

Model DVM·634

$4875
Model DCM·602

$7995
Digital Capacitance Meter
8 ranges with full scale values to 2000 uF
FEATURES. Broad test range - 1 pF to
2000 uF • LSI circuit provides high
reliabil ity and durabil ity . Lower power
consumption . Clear readout even in bright
light . Crystal time base . Easy to operate,
compact, lightweight . Protected from
charged capacitors . Frequency range 
800 Hz to 8 Hz

Service and Shipping Charge Sch dule
FOR ORDERS ADD
$25-250 $4.50
$251-500 $6.50
$501-750 $8.50
$751-1,000 $12.50
$1,001 and up $15.00

Charge it with VISA/MASTERCARD. Money orders, checks accepted . C.O.Do's require 25% deposit.

Fordham 800:&45-9518
260 Motor Parkway, Hauppauge, NY 11 788 InNY State 800·832·1446 L...- ---l


