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Btc g 21! Builld R-E’s
exhaust analyzer. Use it to
une up your car: Its easy!
t's accurate! it works!
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Futurize Your
Home with our
Rhome control
computer. 256
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Now there's
a new breed of
Beckman hand-held
DMMs tough
enough to withstand
accidental drops,
input overloads
and destructive environments.

The new HD100 and HD110
DMMs are drop -proof, packed
with overload protection and sealed
against contamination. You won't
find more rugged meters than the
Beckman HDs. Inside or out.

roof

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

Contamination Proof
The HD series meters are
designed to keep working even
around dirt, heavy grime, water
and oil. The specigl o-ring seals,
ultrasonically-welded display

window and sealed input jacks pro-

tect the internal electronics of the
HD meters. The cops-proof meters
are sealed so tightly, they even
float in water.
Accidental Overload
Protection

All DC voltage inputs are
protected up to 1500 Vde or 1000
Vrms. Current ranges are pro-
tected to 2A/600V with resistance
ranges protected to 600 Vdc. Tran-
sient protection extends up to 6KV
for 10 microseconds.
More Meter for
Your Money

For starters you can get 2000
hours of continuous use from a

CIRACLE 100 ON FREE INFORMATION CARD
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common 9V transis-
tor battery. You can
run in-circuit diode
tests and check con-
tinuity. You even get
a one year warranty.

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

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

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

To locate your nearest dis-
tributor, write Beckman Instru-
ments, Inc., Instrumentation
Produets, 630 Puente Street,
Brea, CA 92621, (7T14) 778-8453.

BECKMAN
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Probably

the second {;..
most important ',
BOOK you can

turn to for
guidance.

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

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

A North Amerfcan Philips Company

.CIACLE 47 ON FREE INFCRAMATICN CARD
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~  RADIO-ELECTRONICS

NEW!
W

ec“e-v\c&‘_@
Scanners

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

We give you excellent service be-
cause CE distributes more scanners
worldwide than &8nyone else. Our ware-
house facilities are equipped to pro-
cess thousands ol scanner orders
avery week. We also export scanners
to over 300 countrles and military
installations. Almost all items are In
stock for quick shipment, sofvou're
a person who prefers fact to fantasy
and who needs to know what's really
happéening around you, order your
radio today from CE.

NEW! Regency? MX5000

Lisi price $599,8%/CE pric® $378.00
Mufti-Band, 20 Channel ® No-cryelalecanner
Search ® tockout ® Priority ® AC/DC
Sefactable AM-FM modae » LCD diepiay
World's lire! conlinuous coversde sosnner
Frequency range. 25-550MHL conlinuous cOvirage
Never bafore hava 50 many features coOm® in
such a small package. The Regency MX5000
mobilé or home scanner has continudus Cover-
age from 25 to 550 MHz. That means ¥ou can
hear CB, Tetevision audld, FM broadcast sia-
tions. all aircraft bands including military and
the normal scanner bands, all on your choice of
20 programmable channels.

NEW! Regency® MX3000

List price $299.85/CE price 5181.00
8-Band, 30 Cheannel ® No-cryeial scannar
Sawrch ® Lockout! ® Priorily ® AC/DC
Bands: 30-50, 144- 174, 440-512 MH2

The Regency Touch MX3000 providasthe ease
of computer controfled, touch-entry program-
minginacompact-sized scannerlor use at home
of on the road. Entéryour favorite public sarvice
frequencies by simply touching the numberad
préssure pads. You'lf even hear a“"beep” lone
that lets you know you've made contact.

In sddiion to 5canning the programmed
channels, the MX3000 has the ability 10 search
through as much as an entire band for an active
frequency. The MX3000 Includes channel 1
priority. dusl scan speads. scan or search delay
and a brightness switch for day of night operation.

NEW! Regency® Z30

List price $269,95/CE price S178.00
@-Band, 3 Channal ® No-cryeial scanner
Bangs' A0-50, 144174, 440-512 MHL

Cover your choice of ovar 15,000 trequencies
on 30 channels al the touch of your finger.

Regsncy

Aecancy

NEW! JIL SX-200

CE price S264.00/NEW LOW PRICE
8-Band, 18 Chennei ¢ Nocfyeial scenner
Querix Clock ® AM/FM ® AC/DC

Bands 26-88, 108-180. 380-514 MHz

Tune Mllitary, F.B.i.. Space Satellites. Police &
Fire. D.EA. Deiense Department. Aeronautical
AM band. Aero Navigalion Band. Flsh & Game.
Immigration. Paramedics. Amateur Radio, Jus-
tice Department. Staéte Depariment, pius thou-
sands ol Dther restncted radic frequencies no
other scanner is programmad to pick up.

Regency® HX1000

Aftow 60-120 days tor deflivery alter recelpt of
order due to the high demand for this product.
Liat price $329.95/CE price $209.00
8-8and, 20 Chennel ® No Crystal acanner
Search ® Lockou! ® Priority ® Scan deiay
Sidelit iquid cryeist diepiay

Fraquency range: 30-50, 144-174, 440-512 MHZ.
The new handheld Regency HX1000 scanneris lully
kéyboard programmablie for the ullimale in versatil-
ity. YOu can scan up 10 20 channel 8l the same time.
When you activate the priority cantrol, You automat-
ically overmithe all Other calisto lislen fo your {avorite
frequency. The LCO dispiay is even sidelit lor night
uSe. A die-cast aluminum chasis makes this the
mest regged and durabls hand-held scanner avall-
able. There I8 aven a baCkul ithium battery to main-
tain mamory for two y#ark Includes wall charger,
carrying case. beit Clip, flexiblé anténna and nicad
battery. Reserve your RegenCy HX1000 now.

Regency® R106

List price $149.95/CE price $32_00

S-Band, 10 Channe! ® Crysialscanner ® AC/DC
Fraquency range: 30-50, 146-174, 450-512 MHL
A versatile 3canner, The Regency R- 106 15 bullt
to provide maximum reception at home or on
the road. Rugged ¢abinet protects the advanced
design circuitry aliowing you years Of depend
able listening

NEW! Regency® D810

List price $399.95/CE price §244.00
&8-Rand, 50 Chennel ¢ Cryetaliess & AC only
Bands 30-50,85-108, 118-136, 144-174, 440-512 MHz
This scanner otfers Pubilic service bands. plus
Awcrat and FM broadcasi stations. You can
listen to Bach or a Boeing 747, tha Rolling
Stones or the riot squad, or any of S0 channels.
Plus spacial direct atcess keys let you lislen to
police, fire, emergenty. or any of your tavorile
channels Just by pushing a button.

Regency® R1040

Lisl price $199.95/CE price $124.00
8-Band, YO Channai ® Cryatsiisss ® AT only
Fragquency range: 30-50, 144-174, 440512 MHE
Now you can @njoy computerized scanner ver
saillity at a price that's 1ess than some crystal
unils. The Regency R1040 lets you inon allthe
action of police, fire, weather, and emergéncy
calls. YOu'll @aven hear moblle teiaphones.
Programming the R1040 s sasy. Merelytouch
the keyboard and enter any of over 15,000
trequencles on your choice of 10 channels.

NEW! Regency® HX650

List price $118.95/CE price $78.00

S-Band, 8Channe! » Handheidarysialscanner
Bandy: J0-50, 146-174. 450-512 MHLZ

Mow yOou can tune i any emergency around
town. Irom wherever You are. the second it
hapPens Advanced circuitry gives you the
worlds smallest scanner. OQur low CE price In-
cludes battery charger/A.C. adapter.

QUANTITY DISCOUNTS AVAILABLE
Ordertwo scanners at the same time and deduc!
1%, for three scanners deduct 29, lour scanners
deduct 3%, live scanners geduct 4% and six or
more scanners purchased at the sameé time
earns you & 5% discount ol our super low
single unit price.

Regency
NXTO00

Regency
NXB30

CIRCLE 35 ON FREE INFORMATION CARD
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OTHER RADIOS & ACCESSORIE
Regency® C403 Scannar .350.00

Reg&ncy” 210 Scanner. $149.00
Penasanic AF-9 Shodwive receiver . $84.00
Panasonic AF.B3) shortwave recabver . $129.00
Panasonle RF-T9#$ Shortwevs mpciver . . $219.00
Panasonic AF-2800 Shortwive recand. $19%9.00
Panasanic AF-2900 Shortwive NCewer . $249.00
Panasonic AF-3100 Shortwive recener. $279.00
Panasonic AF-8300 Shortwive recemer, $195.00
Panssanic AF-B800 Shorhesve recenay. . $429.00
Pangnonic AF-8300 Shortwive o .. $539 00
Bearcat’t 350 Scannas, . $399.00
Bearcet® 300 Scanne . $349.00
Dearcat® 280 SCanner . $259.00
Hearcat' 2%0 Scannes . $219.00
Bearcat® 200 Scanner, $189.00
& $229.00
$23000

$159.00

»t® o oo $289.00
Besrcat® Five-Six Scannec. | ... $120.00
Bearcar OX1000 Shortwawe Aecaomes $489.00
Bearcat® Wealhe: Aier. . - e $49.00
Frasdom Phone® 4000 Cordiest tewphons ., . 3527900
Fanon FET-200 Cordiess telephond ., $13800
SPESCarnIhg caye fOr Bearcar Free-Sin | $15.00
MA-SD8 Caming case for Aegency HX8SD ... $15.00
£B-E Fraquency Qirectory tor Exstern URA . $12.00

£B-W Frequency [Hrectofy o western UBA ... . $12.00

TSG"Top Secrer Repsiry ol LS Freq ... 310800
ARF Ralroad Frequency Direciovy. $1000
ESD Enargy Servecan Directory, . . $10.00
ASD Frequency Direc1ory fgr Alcratl Band . $10.00

$10.00

SRF Survive) Redio Frequency Directory
TIC Techng fos I 9 Comm. M i
CIE Covert inteliigonce, Elct Eavosdropping Man,. .. 31200

B-4 1.2 ¥V AMA NrCad batterien (set of four) . 38,00
B-8 1.2 ¥ AA NrCad batterion (st of foun . $12.00
A-135¢ Crysial certiticate . $2.00

ABO Magnel mount motule nnlenha , $35.00
ATC Bayn gtation anlennda . . 53500
Agd $3.00 shiopeng 1o gll acce 33o0ed ordered at i same time,
Add S12.00 par shonweve tetewer for LLP.S. shipping.
Acd $3.00 shipping Der acanner anienng

BUY WITH CONFIDENCE

To get the feetesl delivery from CE of any
scanner, send or phone your order directiy to aur
Scanner Disiribution Cantes” Be s 10 Calculate
yourl PnCe using the CE prcas in thie ad. Michigan
resicents Plosss add 4% sates tax OF SUPDIY Your
tax LD. nuMber, Writlen purchase Orders are accep:
ted lrom apOroved government agencies snd most
well rated Hrma 8t § J0% surcharge 1or net 30
billing. All sales ars Bubiect o availabiWty, accepl-
ance Bnd verdiCation. Al sale$ on accessc.es Bre
final Prices. terms and specdicalions are gublact
10 Change wilhout nolice. Al prices are in US,
dollars. Oull of stock Hems will be placed on back-
order Sutomatically unless CE o wnatructed dli-
iotenily. & $5.00 adaitional handing lee will be
charged for all prepaid orders under $50.00 or
Purchase orders under 520000 Shpments are
F.OB Ann Arbor, Michigan No COD's. Most pro-
ducta (hel we sall have B manutacturer's waranty.
Free cOpios of wirranties on these Product® are
avalabl# priot 1o purchase by wilting 1o CE Inler-
national ordess are invited with @ $20.00 surcharge
tor spacial handing in Addiion 10 SNPPING Charges.
All shipments are F.0.B. Ann Arbgr, MiChigan. No
COD's please. Non-certified @nd foredgn checks
require bank cléarance.

Mall orders to: Communications Electron-
ics” Box 1002, Ann Arbor. Michigan 48106
U.5.A Add 57.00 per scannerfor U.P.S ground
shipping and handling in the continental U.S A
For Canada, Puerto Rico. Hawall, Alaska. or
APO/F PO delivery, shipping charges aréthree
timas continental U.S. rates. If you have aVisa
or Master Card. you may call and pisce a credit
card order. Order tolkfree in the U.S5 Dial
800-521-4414. In Canada. otder tolktree by
calling 800-265-4828. Telex CE anylim®, dia|
810-223-2422. If you are ouiside the U.S orin
Michigan dial 313-973-8888. Order today.
Scannar Dstribution Center™ Snd CE logo$ Sre frade-
marks of Communications Elactronics”

1 Bearcar S iaderally ragistarad trademark of Electra
Company, s Division ol Masco Comporation of Indiank
§ Regency inalederalty rggi3ered irademark of Flagency
Elacironice Inc. AD 80315844
Copyright *1984 Cammunications Elgctronics

OrderToll Free...call

1-800-521-4414

M COMMUNICATIONS
ELECTRONICS™
Consumer Products Division

318 Prosnix T Barn 1002 O Aan Asbor, Mchgan 48108 ULBA
Call TOLL.FACE 800-532 14414 or oprpial URA 3138728880
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Electronics publishers since 1508

THE MAGAZINE FOR NEW
IDEAS IN ELECTRONICS

MAY 1984 Vol. 55 No. 5

BUILD THIS 47 AUTOMOTIVE GAS ANALYZER
Does your stale require &n annual emissions test? Now you can
be sure that your car will pass Philip M. Van Praag
61 NO MORE WRONG HUMBERS
Part 3. We start this monih with datails on construchon. Then we'll
show you how 10 hook everywng up to keep 1hose unwanled calls
awry Gary McClelian
64 HOME CONMTROL COMPUTER
Part 2 Werll take OO firs! ook @ the computers second boand,
which confains the power-supply and remote-Conirol circuitry.
Then we'll look at the | O system Steven E. Sarns
TECHNOLOGY 4 VIOEO ELECTHAOMNICS
Tomorrow s news and 1echnology In this quickly changing industry.
David Lachenbruch
32 SATELLITETELETEXT NEWS
The lalest happenings i commuricabons technalogy
Gary H. Arlen
CIRCUITS AND 38 NEW IOEAS
COMPONENTS A proxiemity power switch.
40 DAAWING BOARO
Bipalar power supphes—a 100k al reader respanses
Rabert Grossblalt.
42 DESIGHER'S NOTEBOOK
How 10 expand the range of the 2017 counter. Aobert Grossbiatt
75 MAKING MEASUREMENTS ELECTRONICALLY
Wel introduce you 1o & vanety of ransducers and show you how
you can use thermn eflecinvety Harry L. Trislley
80 DESIGNING WITH LINEAR IC'S
Par1 2. We look at the inverting foflower and how 1o solve some
probiems commonly encountered with op-amps. Joseph J. Carr
92 HOBAY CORMNER
Finding the locaton of @ transmitter Earl “Oo¢™ Savage, K45DS
96 STATE OF SOLIO STATE
A Spalial, slermo. and pseudo-stero sound IC. Rober! F. Scott
VIDEQ 57 WHAT'S NEW IN 3.0 TV
A ook at Lhree diferent methods o 8Chigving three-dimansional
sffects Carl Laron
100 SERVICE CLINIC
How 10 test TV IFs and tuners. Jack Darr
103 SERVICE QUESTIONS
Radw-Electronicy Service Edior solves technicians problems
RADIO 104 COMMUNICATIONS CORNER
= Digital commurseabons and AFl Hark Friedman
COMPUTERS 79 TELECOMMUNICATIONS
AN Introduchon 10 COmpuler-Commumeabons hardware and
software Herb Frietdman
%4 COMPUTER CORNER
Getting started wilh computer-lteracy machings Lou Franzel
EQUIPMENT 22 Ksypro Inc. Kaypro t0 Hard-Disk Compuler
REPORTS 27 Heath EE-3201 Oigital Techniques Course
DEPARTMENTS B Advertising and Sales OHices 108 New Books
138 Advertising Index 109 New Literature
139 Free Information Cerd 31 New Products
14 Lelters 8 Publisher's Letter
111 Marxel Center B What's News

ON THE COVER

Does your state require that your car
pass an annual emissions tests? In
those states that do, many "do-il-
yourselfers™ are beginning tofeel left
out. After all, who else but the state-
licensed inspection shop can make
the emission test? if you buid this
month's featured project. you'll be
able to keep tabs On your own ermnis-
sions—even while you're drivingl
The story begins on page 47.

WILL THERE EVER BE A 3D TV syslem that will
give us mone than eye strain? Carl Laron, our
Associate EQHOr I8kes 8 100k &l three systems
hat look promising. Each has its own advan-
tages—and drawbacks. Bul one thing is sure:
You'libe hearing 8101 more aboul those sysiems
in the future, But read about them here first,
slarting on page 57.

COMING NEXT MONTH
On Sale May 22

® Satellite TV, A special section
that deals with antennas, down-
converters, receivers, and more,
including a look at DBS.

® Repairlng PC Boards. It's

gasy—we'll show you

Tuning Microwave Downcon-

verters. It's easier than you think

and you don’t have to perch your-

seif on your roof!

And lots more!

Aadio-Elecironics, (1S5 0033-T852) Pubkshed mpnihly
Publicaiions. g, 200 Park Avenua South,
0003, Second-Clasa Postage Pawd ol New
York, NY mdaddnlma!mmlmnﬁm&\e yRur subscnn-
ton rale US A and L5 posseasons 514 57, Canada.
$17 97 Other countngs. S22 47 (cash orders only, D b
U.5.A currency) Single Dopies £1 75, € 1584 by ]
Publicaions, inc. Al nonts reserved Ponisd o LLS A

POSTMASTER. Please send atdtreys changes fo AADIO-
ELECTROMICS. Subscrplion Dept., Box 2520 Bouldar, CO

&
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& RADIO-ELECTRONICS

VIDEO ELECTRONICS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

8mm
CAMCORDER

Eastman Kodaks debut in video has upset the plans of the Japanese VCR establishment.
Kodak Jumped the gun on what seemed 10 be a tacit agreement to hold up introduction of the
new Bmm-Video format until 1985, at the earliest, by demonstrating two one-piece camera-
recorger combinations slated for sale in the U.S. in July. (See leit-hand photo.) Kodak's
machines weigh about 5% pounds with battery and the little cassette, which is about the size
of an audio cassette. The camera section contains a newly designed Y-inch Newvicon pickup
tube, a Ya-inch electronic viewhnder, and a 6:1 power zoom; the recorder Section has two video
heads, fast-forward, reverse, and visual scan. The deluxe model adds autofocus, fade-in and
tade-out, three heads, still-frama, and the ability 1o superimpose the date on the recorded
picture.

For playback, the entiré camcorder is placed in a “cradle,” which contains RF circuitry and a
battery charger. An accessory to the cradle is a slip-in tuner-timer for recording off the air or
from cable. The cassettes Initially will be available In 30-, 60- and 90-minute lengths, in either
metal powder or metal evaporated tape. Suggested list pnces of the camcorders are $1,599
and $1,899; the obligatory cradle Is $199, and the tuner-imer $300. However, the products
actually are expected to sell for considerably less. The camcorders ane.made by Matsushita,
the tape by TDK, both in Japan.

TINY CAMERAS

Just about the time that 8mm is being introduced, along comes a barrage of miniaturized,
lightweighl cameras designed to be used with portable VCR's. Sony has introduced a camera
using 2 CCD pickup; it weighs two pounds five ounces and sells for $1,350. (See right-hand
photo.} RCA countered with a palm-sized MOS camera, weighing two ounces less, for $995,
But the lightest one introduced to date has a pickup tube instead of a solid-state sensor. Its
made by Konika and weighs less than one pound ten cunces, has a new Yz-inch “Cosvicon”
tube, and sells for $750. 1ts light weight 1s due partially to the fact that it lacks such features as
electronic viewfinder and motorized zoom lens—it has a 3:1 manual zoom and a through-the-
lens viewfinder. Upcoming ame solid-state cameras from Sanyo and Fisher pattermed after
35mm still-film cameras.

THE SWITCH TO
VHS

As | forecasted in this space last month, Zenith has dropped its line of Beta VCR' and joined
the VHS camp with & line of recorders made 10 its specifications by JVC. Included In the five-
unit ling is the miniaturlzed Video Movie camcorder, the hit of Berlin's Audio-Video Fair
{Radlo-Electronics. December 1983). Video Movie uses the 20-minute VHS-C cassette,
which can be played back on any VHS deck by placing itin an adaptor. Zenith's home decks all
feature remote control units that will operate any Zenith Infrared remote-control TV set that was
made since 1977. In addition to Zenith, NEC—long a Beta stalwart—has added VHS o its
new line In the United States, but NEC is also retaining its line of Beta maghines. Thus NEC,
with nine different VCR models, including the Betarmovie camcorder, has more VCRS than any
other brand. R-E
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www.americanradiohistory.com

TE 7 2213A/2215A THE PERFORMANCE/
\ 60 MHZ OSCILLOSCOPES PRICE STANDARD

Tek’s best-selling
60 MHz scopes:
Now 25 ways better for
not a penny more!

Now Tek has improved its
2213/2215 scopes with brighter
displays. Greater accuracy.
And more sensitive triggering.
At no increase in price.

The 60 MHz 2213 and dual time

giving these scopes the final measure
of convenience
iggering, sweep accuracy,
CMRR and many more major
ifications are better than ever.
heck the performance chart: not

T —
. T
e

=

i T
s

base 2215 have been the most 1-800-426-2200 bad for scopes already considered
pular scopes in Tektronsx the leaders in their Class!
istory. Now, Tek The price: still
introduces an"A" £1200° for the
Series update with 213A, $1450° for

more than 25 specs-
fication and feature
enhancCements —
things have
asked for such as
single sweep—all

the 2215A. Or, step
up 1o the 100 MHz
2235 for just $1650°1
You can order, ob-
tain literature, or

get expert tech-

included at no nical advice,
added cost through Tek's

A brighter National Market-
display and ne irg Center.
vertical amp irect orders
fier design include oper-
provides sha ator manuals,
crisp traces. two 10X probes,
That makes the 2213Af A ‘ 18-day retum policy,
2215A a prime candidaté  CRT brgntness 1.1 kv accal potemnal 10 kv accel poiential world-wide service back-
for tasks like TV trouble- Vertical acCuracy 3%. 0" to 50°C 3%. +20%to 30°C up and comprehensive
shocting and testing, Chop raie 500 kHz 250 kHz 3-year warranty.
where fast sweeps are Input capacdance 20 pF 30 pf .
typical. CMAR 1010 1 at 25 MHZ 1010 1 al 10MHZ Talk to our technical

New features include Channal isolation 100:¥ at 25 MHz Mot specified AXperin,
10 MHz bandwidth limit A Trigge: sensiy (nt) 0.2 dv al 5 Mz naavazmn:  Call toll-free:
switch, separate A'B TV inggering 1.0dvcompos sync 2.0 dnv COMpos. Sync 1-800-426-2200
dual intensity controls Sweep accuracy (in 10X) 4%, 15°1035°C 5% 20P1030C
{2215A only), and power-  Ceay jner 20000101 zzm{ ~ 10.00010 1 (2215) Ext. 156.
on light: additions custom- 1000010122134} 500010 1(2213) In Oregon call collect:
ers have suggested for gl 10:1 il (503) 627-9000 Ext. 156.

Tektronix

COMMIT TED TO EXCELLENCE
‘Prce FOB Besverton, OR
Ml scopes are UL Listad anc CSA
approved 3-yeal waridnty mciides
CRT and appiies to 2000 temity oscilio-
scopes purchased after WS

Y6L AYIN

[+

Copyrght ©1354, Teutrona, Inc Al nghts reserved TTA438
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WHAI’S NEWS

Phlilps and Sony agree
on a CD read-cnly
memory format

Phllips and Sony have an-
nounced agreement on & basic
losmat for a Compact-Disc Read-
Only Memory system. Details will
be formalized shortly

The new format is based on the
Compact-Dvsc Digitar-Audio Sys-
tem sound-reproduction lormal.
Since June, 1980, Philips and
Sony have been studying the pos-
sibilities of using the CD as a read-
only memory, 10 take advaniage of
its large capacity. compaciness,
and ease of operalion.

The CO read-only memory has a
storage capacity of 550 mega-
bytes. which 1s 500 to 1.000 times
that of conventional loppy disks.
The 12-cm disc can contain the
contents of up to 12,000 standard
lypewritien sheets

The new CD read-only memory
standard format comes as an addi-
tion to the existing CO standard for
audio apphcations, which remains
unchanged.

MCI plans new services
to Belgtum and Greece

HCI. an internafional voice- and
datd-communlications services
company, 18 prépanng to test di-
recl-dial vouce services to Greece
and Belgium in preparation for im-
plementing sendce between the
United Siates and those countnes

MCI oHicials have stated Ihat.
with the encouragement of the
Federal Communications Com-
mission—which has urged U.S.
camers o seek arrangemeants 10
provide international services—
negotialions with Belglum and
Greece have reached the stage
where MCI has asked the FCC for
permission to conduct the tests.

Games and education
software o boom?

"It 1982 was ‘the year the com-
puter came home’,” says Frost &
Sullivan, intermafional market re-
searchers, “the year 1983 18 pro-
grammed to be the beginning of a
home-computer software boom.”
But games and education. rather
ihan home-tinance and word-pro-
cassing programs, will dominate.

Software for machines costing

less than 51,000 should increase
70 percent per ye8r between 1984
and 1986. Games will represent
well over 50 percent of the software
sold tor home use. Educalional
software will advance from almost
3 milion units 1IN 1983 16 more than
18 millicn in 1586, according to the
report. That will increase its share
of the market 10 20 percent.
Home-management software
has not been as popular. partly be-
cause low-end home computers
tack the memory needed by many
of the programs. With the coming
ot more powerful small compuiers,
however. the segment 15 expected
to increase s present 5 percent
share over the next few years,

Navlgation satellites
outllve expectations

The U.S. Navy Transif satellites
Placed in orit In the early 70s
have greally surpassed their ex-
pected idetimes. RCA Astro Elec-
tronics macde fifteen sateiites for
the Navy's Strategic Systems Proj-
ect OHice, three of which were im-
medlalely launched, while the
others were heid as spares. Two of
the onginal three are still operating.
Their iong Iite and high rehability
have kep! the remaimng twelve in
ground storage

Those drum-shaped satelliles,
traveling in polar orbits. beam $ig-
nals o ground every two minutes.
Using those signals. ships or air-
craft with |he required on-board
equipmenl can ascertain their
positions on or over Earth's surface
within & lew hundred feet

RCA Aslro-Electronics is now
modifying esght of the remaimng
Transii satelliles for dual launches,
beginmng in 1885, That operalion
is known as Slacked Oscarsin Ser-
vice. The satellites will be kept In
orbital storage whena they will be
more readily avallable when
needed.

Videocassette sales
pass $3-mlllton mark

Sales of wideocassetie record-
ers {(VCR%) in 1983 had lopped \he
$3-millien mark #n Oclober, the
Electronic Industnes Association’s
Consumer Elecironics Group ra-
ports, Sales to that date amounted
1o nearly 400,000 units. up 91.8
percent over the same pericd bn
1982

Cotor TV's also registered im-
pressive gains. Sales up to Octo-
ber exceeded 11 million unils, an
improvement of more than 20 per-
cent over the first 10 months of
1882. Biack-and-while-TV sales
were slightly lower than in the
same perod the previous year.

RCA builds three
advanced satellites

Three Advanced TIROS-N sat-
ellites arp Deing buyilt for NOAA
{National Oceanic and At-
mospheric Agency) under the su-
pervlslon of NASA's Goddard
Space Flight Center in Greenbelt,
MD. Advanced TIROS-NS arg the
lourth generation of satellites buill
since the launch o the firsl weather
sateliite, TIROS-1, In 1960. They
will bring the TIROS-N senes o 11
spacecralt.

Each satellie 1s equipped with
syslems to collect meteonsiogical
data from several-hundred data-
collection locations. Those supply
informauon tor weather forecasl-
ing. hurncane tracking and warmn-
ings, agniculture, hshing, and other
activities. Since 1966 no slorm
anywherm in the world has gone
undeiectad by those satelites

All 29 of the nation’ polar-orbit-
ing weather saleiltes have been
provided by RCA Astro-Elec-
tromcs.

ElA sets new standards
tor sHicon digital IC’s

The Englneerng Department of
the Electromic industnes Associa-
tion has established JEDEC Stan-
dard No. 7. setting Industry
speclfications lor three Series of
new high-speed silicon-gate digital
ICs.

The 5474HC serigs inCludes
buffered CMOS 1ogic devices with
the primary characteristic ol Vi
{logical low-input voltage) and Vi
{logical high Input voitage) ratings
for good noise immunity In CMOS
system designs. The S4/74HCU
series includes a [imhed number ot
unbufiered (1 actrve kogic crcurt)
nverters or gates where Vi and
Vi ratings are less than those of
the HC senes The third senes is
designated 5&74HCT, having Vi
and Vi, ratings of 0.8- and 2-wlis
respectively for direct intérfacing
with TTL logic IC's,

New G.E. picture tube
adds more color to TV

Introducing Neo-Vision, & new:
picture tube whose faceplale con-
tains neodymimum oxide. General
Elecinc claims two advantages:
First. the new Dlue neodymimum
g'ass absorbs the usually yellow-
1sh room light. thus produces
richer, mare natural colgrs and 1s
less affected Dy the ambeent il-
lumination.

The second advantage is the ap-
pearance of the blue-wbe set
when turned o, a distincl improve-
ment over the “dull, drab, greenish-
grayish blank screen of present-
day sets,” says G.E.

The Neo-Vision tubes will ap-
pear in mne models, including the
“Command Performance™ senes.

Police radar tnaccurate
another test shows

In a recent release, Regency
Electronics ol indianapolis, IN
urges both police and drivers 1o be
suspicious of the accuracy of po-
lice speed radars, citing a report of
lests of six speed-measunng radar
units: the tests were prepared by
the Natonal Bureau ot Standards.

GB fransmissions #n particular
were cited as one cause of inac-
curacy Whike police transmissions
from the vehicle in which the radar
was operated had a hmied gifect:
“CB transmission M the same vehl-
cle affecied nearly all radars.”
When radar and CB radk were
connected o the same battery,
readings on the radar target read-
out depended on the frequency of
the CB audwo. "CB radwo mounted
in a pickup caused readings of 60
to 70 mph at distances up lo 75 feet
from patrol car, . ,100-watt polica-
radio transmession did not interfere
with the radar units at gestances
beyond 30 leet from the venhcle In
which the radar was operated ~

Other sources of error were
shagowing, or the tendency of a
maving-mode radar 1o use a slow-
moving large vehicle rather than
the ground to measure the speed
of the patrol car; and baiching, or
target speed bumping. & change Irt
the target-vehicle speed display
when the pawrol car changes
speed. Shadowing was obsarved
10 some extent in all b one of the
Six radars tested and target-speed
bumping was seen in three. R-E
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Y83 John Fluke Mg Ca, inc. Al rights reserveg

The Digital
vs. Analog
battleis over.
$ 85 buys you the new champion.

The new Fluke 70 Series.

They combine digital and analog displays for
an unbeatable two- punch combination.

Now, digital users get the exira resolution of a
3200-count LCD display.

While analog users gel an analog bar graph for
quick visual chedis of continuity, peaking, nulling
and lrends.

Plus unparalleleg operating ease, instant
autoranging, 2,000+ hour battery life and a
3-year warranty.

Al in one meter

Choose from three new modeds. The Fluke
73, the ultimate in simplicity. The feature-packed
Fluke 75. Or the deluxe Fluke 77, wilh its own
multipurpose protective holster and unique
“Touch Hold” funclion (patent pending) that cap-
tures and holds readings, then beeps to alert you.

Each is Fluke-tough 1o take a beating.
Amencan-made, to boot. And pricad to be, quite
Simply, a knockout.

For your nearest distnbutor or a free brochure,
call loll-free amtime 1-800-227-3800,

Ext. 229. From outside U S. cah 1-402-496-1350. Ext 229,

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

Fluke 77

pr-
Ansog/ Qi depiay
vorz ghere. A, mi.
oo w5

Joguie corbulty
“Rch Hod” kanclrn
Mvorarge/ege hod
3% i & MrLey
2000+ bosst ey e
3 o vy

Muavupose oty

Supoestet LS, kst price. efiecree Doiooer 1, 1951

FLUKE
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PUBLISHER'S LETTER

As | promised last month, this issue of Radio-Electronics
includes something new. Directly following pages 106, you'll find
the premier issue of ComputerDigest Yes; Volume 1, Number
1 has amived. Please note that it is a separate tear-out section.
We have tried to put together a package you will enjoy, find
valuable, and one that meets your needs as an electronics
professional.

We do expect the section to grow, but it will not take any space
away from the regular Radio-Electronics editonal lineup of
features that you are accustomed to receiving each month.

Whats inside? Four feature articles. The lead story presents a
quick comparnson of LISA - PC - MACINTOSH - PEANUT. Then
we go on with a feature that teils how you can upgrade budget
printers....present a look at the new Macintesh....and show you
why CPM is an operating system you should leam more about.

If you like ComputerDigest, take a moment to tell me that you
do and why you do. If you don't like it, I'd like to know why.

Remember, this is only the beginning. As ComputerDigest
grows, we'll be able to bring you even mone computer coverage
designed for the interests of the electronics professional....you
and other readers just like you.

Now go ahead and enjoy this action-packed issue of Radio-
Electronics and the bonus 16-page issue of ComputerDigest.

%%M,

LARRY STECKLER
Publisher

WWWwW americanradiohistory comm
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HICKDOK

i HHITACH)
-,R“TA PRECISION TRIBLETT

@HITACHI

vizz 999%

DC to 40 MHz,
1mVidiv, dual-trace,
DC offset function

e 5499 95

" - ..“
HI-PERFORMANCE

DC to 20 MHz,
1mVidiv, dual-trace,
DC off. func., Alt.

V-1050
| .-

1,249°"

V-1050F

100 MHz Quad Trace
widelay sweep

magnify function

v 439

‘DC to 20 MHz,
1mV/dtv, dual-trace

PORTABLE
OSCILLOSCOPES

ALL FEATURE 6" RECTANGULAR CRT
Full 2 year parts & labor warranty.

vasor 999

60 MHz Dual Trace
widelay sweep

PRICE DOES NOT INCLUDE
PROBES PROBES 550 A PAIR
WHEN PURCHASED WITH SCOPE
$15 SHIPPING WITHIN
CONTINENTAL US

BECKMAN’S CIRCUITMATE °

AVAILABLE NOW. . ..

6455

Circulimate DM 20—
3% diglt, pociet-size
multimeter; 0.8% Vdc
accuracy, diode tesl,
hFE test, conductance,

Sﬁg 95

Clrcuitmale DM-40 -
3% -digil multimeter;
0.8% Wdc accuracy,
diode jesl, avto-
polarlty, auto-zero,
auto-deckmal

The DM73 Is the asmallest digital

multimeter on the market. Its
?robe style design makes It ideal
or taking measurements in hard-
to-reach test areas.

10 amps AC and ll)C s 95
ranges, auto-polarity 89
autc-zaro, auto- . s 95 :(S:rgall IS{ZG
el Clrcultmate DM 45 - mpiete
S 95 S dlglt multimeter Autoranging
/ VdC accurac i o
79 diode test.continuity 'AT%‘;E:‘ Hold
beeper, 10 amps A e
Clrcultmate DM-25— and ranges, auto- : ti 9"
3 dight, pockel-size z0r0. auto-polarity, S g5 CONINKILY
multimeter; 0.5% Vac auto-decimal checking
accuracy, diode teat,

capacitance, continulty
ji beeper, conductance,
& 10 amps AC ang DC
ranges, aulo-poiarity,
autc-zero, auto-
declmal

The DM 77 gives you
th& convenlence of
autoranging plus 30
amps acide
measuremant
capability. You slmrly
salecl the funcuon
Juu want, and the
DM 77 automatically
se1s the required
range.

THE TEST EQUIPMENT SPECIALISTS|

ADVANC
ELECTRONICS

L

TOLL FREE HOT LINE

800-223-0474

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

d
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é‘; PHILIPS WESTON @ Non:Linear Syatema !g m

77 * 0.3% Accuracy F I l ' B E
* Manual or
Autorange CLDILGE & T o
* 10A + mA Range SER@ Fo e 1 e
* Beeper MULTIMETERS.
¢ “Touch-Hold” T ey e
Function s Analog Display = Rotary Knob = Volts AC &
DC » Resistance to » 32 M{}e 10 Amps » Diode
Test = 3200 Counts = Fast Autoranging = Function
Annunciators in Display » Power-Up Self Test
* 2000 + Hour Battery Life w/ Power Down “Sleep

$12 00 Mode” = New Test Leads = VDE & UL Approval

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

75 73
0
4% DIGIT F_LU_'(_E_! * Manual or * Autorange Only
. MULTIMETERS Autorange * 10 Amp Only
. ;orzq'q(lil:nt:y messusments lo ¢ 10A + 300 mA
z
534 9 00 * dB messuremenis . > gggggr
N R 1o Y ke iy 70 MHz Dual Time Base
* Roialive mansurements SCO PE MODEL
MODEL  ° TueRMS 25
ORI LERgeRd, Besper o Precision '
- INDUSTRIAL r g
TRANSISTOR ot F A
S4 erecision i "!-n .
[ POWER SUPPLIES $499Q 9% > n:\
MODEL %1
520 INCLUDE PROBES
« 1mVidivisicn sensitivity o 70
M 5 95 ® Now with HULO Drive MHz
5299 85 ?6[0)1EL 3 29 MODEL 1650 ® Works in-circuit when * 500 M Vidivision cascade
Isolated O-50VDC tinuousl i I:unc‘l:om Pl b g ¢ D Gt :::il":::’; opatation provides
* SO « CONY [+] u o 1y ] I L}
varabls: 0-2A In four ran:o: ; 5 Ea:ru:i:o treching elrcult O I:::;::"‘:::" three tran- trigger view zlc_' 4 separale inputs
« Fully automatic shuldown, * Flxed output SVDC, 54 y a 1590 100 MHz Dual
adjustable current [Imit ¢ Two 0 10 25vDC ocutputs al 0.5A ® Random lead connection T B S
* Perfect for salid state servicing | b oo i Cumntimited o DMty Sha vl Ruaily I Ime base S1 595 00
overicad piotectlon dicates GOOD lransistor SCO PE ’
FUNCTION GENERATORS B ¢ | ARACSACERETER T
MODEL $ 95 8
Moo °319% 519995 159
* Four insirumants In one package 8 Automatically mea- & Resolves to 0.1pF
¢ Sine, squars and triangle cutput =, y
* Varlable and fixed TTL outpuls 9-ra.:::t.:t.gl;ﬁ::.;‘:::?:ﬁ::.ot‘;ne- SETeS, CHUMEIINITES & 4 digh easy-to-read
« 0.1 Hz 1o 1MHz In six Minges Durst generalor trom 0.1pF to 200mF LED display
. Dullh ti:utwn range and tunclion * Covers 0.02Hz-2MHz ® 0.1pF resolution ® Fuse protected
Ol AL AN T ® 0.2% basic againsi charged
et dier < Comamonion ghaceumey  ® (70 Chpactors
8 3% diglt LCD display 8 Overrange Indication
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HITACHI) AWS >
BRI ccioon Do LECC. HICKOK  VIZ rin

@HITACHI 532995

15 MHz
TRIGGERED SCOPE

QUANTITIES ARE LIMITED
SPECIFICATIONS

Vertical Defiacon

Sarmitrrity Smv/fdee 10 Swidee 15%. 10 calibratsd s1ep
Imidn o 1%/ dew t0%
IWhen using a5 ampidert
Lincairmten contimuous conthol batween
:IPD! 1. < 2.5 lprovided with chick - positioning
une

Bandwedth DC to 15Minz. -398 [at 4 dev)
DC 1o THH?, 398 a1 4 div)

. (When usng x5 ampli )
Frte Tema 24ng. (for x5 70m rvn
V-151F o

Maz, [Ppu1 Vot Eonvo-oa 00V {DC + AC peak, a1 11 HI]
Iy Couplmg AC.GHD, DC
Input |mpedance Dirvct 1M ohm, sppion, 30pF
v Convimen TRk ot
- 1en wrerndl trigges Fnpul ey,
FEATUHES i Veccal Input Y aan
» 1mVidiv sensitivity design. Effective for FEe L e eyl
1mVidiv high sensitivity design. Effective fo
measurement of weak signals. o arense BC 1o 10k s withun &
» Employs TV sync separator circuitry with one . P 4 div or more
touch synchronization of both TV horizental and Dutoo1 Voriage 20my iy or mars (1amicated o SO0
vertical signals. R Y- 5ot: to B -
» Delayed sweep function with one touch control Horizontsl Ouflection i
' l' o] +, -
10 X magnlfication. 119001 bodey AUTO, NORM. TV 121, TV {-)
» Trace rotation system for easily adjusting trace e g P
inclination caused by terrestrial magnetlsm. i o8 Sarare,felry (el
* Fine ad’uslln? click positioning function enhances Trvove: Sevaitrviey Fraquency | Inteinel | External
measuring efficlency. F0Hz 10 AHz | 050w | 200mY
» Signal output: Vertical output terminal to AUTO Low Bonauinn | S e L 180w | BOOWY
Frequency Counter’ e‘c I'.m"i"f' r Input :nom impeclance §g¥os. 1M ohm
» Z axis Input provided — possible to use as CRT T & J00F of fest '
displa Max Input voltage 100V
Y. 1DC + AC pear a1 1kM/]
» One touch shifting of waveform slopes for easy Sweep Time i vy e g
observation of rise and fall of waves. UnCalitrated 68nTnuous contral beivonn
:::_!1'1‘“"( 25 | prowsciac] with click Dosi tioning
Swerp Tima Magnifmr 10 ormves L1 7%

H I ACH I kax Swesp Time lmdwllmdw and SDri/dw. nO1
I calibrated

Wevglorm Apprax 1kHE £ 10% 11¥P). sauare wis

Viltage 0.5V 15%
O z Fowsr Rqusmanrs TOW | Z0FE200240V 1 10%
80 10 60H: sppron 40W

Dimeraont _Aporax 2T5IWI x 1901H] 2 40010) mm
SCOPE | = =&

Price does not include probe. Probe $20. when
ORER 0% s549 95 purchased with oscllloscope.
DUAL TRACE

2 -
W/DELAY A S ST TS Full 2 year parts & labor warranty.

probes. Probes $50. a pair | wEg CARRY A FULL LINE OF HITACHI
All HITACHI Oscilloscopes when purchased with OSCILLOSCOPES

; . Shippln
feature 2 year paris & labor  SSOP® $15.8
warranty. within continental U.S.

oruNe  THE TEST EQUIPMENT SPECIALISTS)

0l 1OLL FREE |
o 300-223-%1; ADVANC L
26 WEST 46th STREET. NEW YORK, N.Y. 10036 ELECTR m, c
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SATELLITE/TELETEXT NEWS

GARY ARLEN
CONTRIBUTING EDITOR

RADIO-ELECTRONICS

TELETEXT TEST
ENDS

Several teletext/videotex projects closed down at the end of 1983, forcing reevaluations of the
immediate prospects for developing such systems In the U.S. Time Telelext ended its $25
million, two-year teletext experiment, which had Invoived satellite-cable TV transmission of a
5,000-page teletext database. Maisushita, which had been working with Time to build a low-
cost leletext decoder, will continue its efforts to design tetetext equipment using the NABTS
format. Meanwhile, ConTetVision, a videotex project in Manassas, Virginia, run by one of the
nation’s largestindependent phone companies, shut down until videotex technology becomes
more Clearly defined. Another videotex experiment in Connecticut, run by the Southern New
England Telephone Co., was temporarily closed atter a legal settlement with the state's
newspaper publishers association, which opposes phone-company invoivement in videotex
operations. And the pioneering British Columbia Telidon tnal in Canada has taken a hiatus
until commercial operations can be defined.

AUDIO ADD-ON

¥Com, a French videotex company, has introduced an audio enhancement that brings digital
sound to online systems. The device, called Demosthene, permits audio to be linked to
individual videotex frames, with digital audio encoded at 2.4 kilobits-per-second, Seventy
videotex frames can carry up to eight minutes of sound. The technology costs about $2,500
per umit, far higher than the pnce planned for a prototype Japanese audio add-on for
videotex—but the XCom system is envisioned primarily for public-access videotex terminals,
replacing other audo-visuai technologies now used.

DIGITAL
TELETEXT IC'S

In @ move that could accelerate teletext Introduction throughout the L.S., Zenith may begin
installing teletext receivers in some 1985 model television sets late this year, using new digitat
IC's developed by ITT in Europe. Zenlth's exclusive deal gives the company a lead of one or
two years over other U.S. manutfacturers in incorporating a low-cost teletext device into TV
sels. The ITT Digivision ICS are built to Specifications for British-format teletext service, being
sold in the L).S, as “World System Teletext.” ITTS teletext processor IC set (MAA 2700) is one
of three new integraled circuits developed at ITTs German technology center. Target price is
$10 per sel when production begins lhis spring.

DOWNLOADING
TEXT TO
COMPUTERS

Financial News Network, a satellite-programming service used by cable TV and some
broadcast telewvision stations, is laying the groundwork for a fin@ncial-data teletext service to
be sent to personal computers via the vertical blanking interval of the business-news channe!
{Westar IV, transponder 10). The service, due for lale-1984 start-up, would download data to
home computers, eliminating the need for expensive teletext decoders. Matenat would be
formatted Into pages consistent with a teletext standard. Computer sottware sold as part of the
FNN package would format and analyze information as it is fed into the unit.

DBS
DEVELOPMENTS

Skyband Inc., the DBS company owned by media mogul Rupert Murdoch, has delayed its
DBS service until late 1985 at the eariest. Skyband, which will use an existing 1412-GHz
satellite operated by Satellite Business Systems, had Intended to go up in mid-1984. Now o
wants to wait until a new generation of higher-powered birds is ready—which is more than a
year away,

Home Box Office is working with Turner Broadcasting Co, (which owns Superstation
WTES and Cable News Network) to develop a quasi-DBS service. The service, which could
beqgin by late 1984, would use the newly launched Galaxy | satellite, a 4/6-GHz bird which is
becoming & major cable TV programming source. Galaxy |I's transponders are tuming oul to
be 60% more powerful than expected, encouraging the belief thal dishes as small as 4 to 6 feet
in diameter could pick up a high-quality video signal. HBO and Tumer are negotiating with
other Galaxy programmaers (including Group W, Disney, Spanish Intemational, and C-SPAN)
about using signals from that bird for direct-to-home service, aimed primarily 8t areas where
there are no cable-TV systems. R-E
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WP-709.
Double-slot
Supplyst™
power supply.

Power supplied

13V orSv,
adjusiable

Measure Circuit
vollage #1

Measure Circus
vollage #2

Qutputs: 5V or 13V DC,
adjustable = 1%V

Zeroto 7.5 aml;, each voltage.

Two LED displays,
monitor ¥ or A—
or two DC voltmeters

Adjustable current limiting

Only
$339.00

DC power to test logic or mobile
equipment. Another VIZ Value

HERE'S REAL PRECISION

Seiect the precise voltage you want
5V or 13V adjustable £ 1%V at each
range. Output is laboratory quality.
Rippte less than 10mV. peak to peak
Requlation better than 0.1%.

HERE'S REAL POWER
Up to 7.5 amp. at each voltage—

plenty for computer circuits. PA
systems. mobile transmitters, aulos.
boats. planes

HERE'S REAL CONVENIENCE
Front panel controls for instant
voltage adjustment and precise fine
adiustment to within 0.1V. Two 3-digit
LED displays permit continuous

maonitoring of both voltage and
current during use. Current limiting
coniro! with instant pushbutton reset.

The WP-709 is like two precision
power suppiies for a price less than
you might pay for one=PLUS two
digital DC voitmeters.

VIZ Supplyst ™

power supPlles with digital displays of voltage and currenl

WP-705 $325.00

Single output
0-50vDC. O0-2A.

WP-707 $423.00

Dual output
Two 0-25VDC. (-2A,

s o

Trivle output Two G-20VDC. 0-2A

Fully regulated. adjustable current limiting power sup-
plies, PLUS two built-in digital DC voltmeters In a single
quality unit. Digitally monitor output voltage or current,
or two external voltages.

WP-706 $341.00

Single output
0-25vDC. O-4A

WP-708 $489.00

One 5VDC, 0-3A.

VIZ DC power supplies

Fully regulated, continuously adiustable voltage
outputs with short circuit protection
Analog meters and overload indicators

0201 0500m $119.00

S P 12585

viZ RELIABILITY

oyl OO ! ol
L AL Af oFf o1k X
Dual WP-702A Two 0-20VDC. 0-200ma  $167.00

VIZ Is a 50 year-old company. Our instruments are
fully warranted, parts and labor. for a year.

All iterns tested to NBS standards. We ofter service and parts
1 avaitability for a minimum of ten years Over 15 repair depots in U S A

yant full technical details and a demonstration? Call toll-free. 1-800-523-3696, for the VIZ distributor nearesl you

Over 70 instruments in the line— PLUS full accessories.

M"Z Look to VIZ for value, quality, availability.

VIZ Mfg. Co., 335 E. Price St., Philadelphia. PA 19144
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LETTERS

Address your comments to: Letters, Radio-Electronics,
200 Park Avenue South, New York, NY 10003

COMPUTER SECURITY

! would like fo comment on Les Spindles
aricle on page 111 of the February 1984 is-
sue, entitied "Computer Secunty.” He fails to
discuss call-back units, an important and rel-
atvely new proteéction device thal prevents
unauthorzed remole-computer access The
unit 1s placed between the phone hne and
your modem. ¥Yhen a call 1s placed 10 that
phona ne, ihe call-back unt recesves the call
bul does not produce a carner 1one; In fact,
there is no sound produced at all. Using a
tane-phone, you enter a security-access
code that mdicates who and where you are.
Then you hang @, and # the code you have
enlered Is vaid, you will be called back auto-
mahcally at a pre-designaled phone number.
That prevents the sequential auto-dialer
search depicted in War Games (see photo).
There are many companies which sell these
units: Digtal Pathways, 1060 Easl Meadow

Circle, Palo Alto, CA 94303, (415) 493-5544;
Intemational Mobil Machines Corp, 100 N,
20th Street, Philadelphia. PA 19103, (215)
569-1300: LeeMAH, 729 Fibert Street, San
Francisco, CA 94133, (415) 434-3780, and
Western Datacom Co., 5083 Market Street.
Youngsion, OH 44512, (216) 788-5583.

One other point needs correction. The arti-

cle states: “When the secunty problem is not
one of remote on-line access (for example, an
on:premises computer used by several peo-
ple), another protection scheme is possible,
Passwords can be assigned...”. However
Passwords are useful. and necessary, re-
gardiess of whether the access Is from on-
premises or off-premises. In fact, passwords
are probably the least expensive and most
beneficial securily meéchanism.

| enjoy reading your magazine, Despite this
long letter aboul computer secunty. | reag
your magazine for the electronics articies.
Keep up the good work. In lact, | discontinued
my subscnplion (0 Popuiar Elecironics when
the name was changed 1o Computers and
Eiectrorncs | do not believe that one maga-
Zine can successfully cover both subjects.
TONY S. PATTI
Ariinglon, VA

contined on page 20
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RCR's new
UCR Parts Package.

RCA'’s newest Parts Package holds the 25
fastest-moving VCR parts you'll need for
servicing RCA and other brands of VCRs.

And it's priced to save you money.
The whole package sells for less than the
total cost of the individual parts. You get all
25 mechanical and electrical parts with one
convenient order.

For full infoermation, see your RCA
Parts Distributor. Also ask him for the RCA
VCR Parts Cross Reference (Form 1F6627)
and VCR Tool Catalog (Form 1F6857).

“e" Distributor and
Special Products Division
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Wwe will beat any advertiseqd price

BECKMAN Curcmtmate@ DMM
$ 7 Q95 st

® N5t pOCR Sire Multmeter &
0 5% Voo accuracy & o lest #
CADICARICE & CONbty beeper #
conduclance & 10 amps AC ard DG
ANOE & Lui-polanty § auto-reo v

=

MODEL DMT3

S~ 5645 -
s6995 ﬁ & 8 3%-thd pocketgze multimeter o

08°% Vdc accurdCy & diode lest w hFE
* SMalies) Sgtal Mt On e maoel 1 Probe £ fest -wumnoammac nd
1Memwm¢muhmmﬂ

B&K PRECISION

100 MHz FREQUENCY COUNTER gug priCE

MODEL 1803 314450
REG. $169.95

* & Mz i 100 MHZ range ¢ B dgd LED
i & BN Contecis 1Dt & Overiow
o L G eoen oo

NTSC COLOR BAR GENERATOR
MODEL 1251
REG. 5595.00

GUR PRICE

“84ges

¥ (Gienmraies B wiCH vahety Of 1es1 SINAS and patle O COMFenenswe lastng

Er and aciustment o wrivgily 8 Wenson and vEeG BG U]
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o burst phasa Chvormuinance v A il assoiment of COMANDENCE Datiams rasier
Caolons gated or full bedkd mu Nyl

FORDHAM

550 MH2
FREQUENCY COUNTER

CAPACITANCE METER

MODEL OCM-801
REQ. $149.95

OUR PRICE
OUR PRICE

s 95 MODEL
79% 2 sqaQ9s
REG. $189.85
IDvorhdaplayn!yhr:u‘c ; ] O“Gngith-d"lr COUMST with &
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AnnuNCIAE ¥
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39900

260 Motor Parkway. Hauppauge, N.¥Y. 11788

COR 4wty |raguend T8% epoast | oviv $1000

ko imal

H ITACHI PORTABLE OSCILLOSCOPES

MODEL V222 (20 mH2) MODEL V-422 (40 mHz2)
REG. 3895.00 REG. $895.00

CALL FUR SPECIAL PRICING

-anudmmmmmmm waghl » Lage S-nch
wlernal grascule CRT # Autolocus owcud ag'su'a Hurmwiabon e BDC

'ﬂ’w on ® volageamkmmm ® High acOuiecy - + 3%
" Hlmseﬂsr'-‘ y ey

LEADE R NTSC WAVEFORM MONITOR

MODEL LBG-5860 OUR PRICE

e 4880

Parmils varical inlevvial tes] and relerencs
signaly !:N fron paregl Bg ssecion,

NTSC VECTORSCOPE
MODEL LVvS-5850 DUR PRICE

WEEE 31850

Convenmnt method I0r obienang and measunng 1he
relatnl phase and awmﬂ CHVOMINBNCE LQNal

VI Z DC TRIPLE POWER SUPPLYST
MODEL WP-T08 e

OUR PRICE

339995 Tev @ ve ay. |

s Dual DC Yoirmelst » Trpig &ﬂj’ 9 COMpighery
awudDCpuwmmozova ong fapd \"lt&k

WELLER

SOLDERING STATION

__SOLDERING STATION

MODEL EC2000
QOUR PRICE

*139% =

MODEL EC1000
OUR PRICE

o5

# loerlcal i the EX excep| LED
Degda! MmO 1]
& The EC1000 » Ol controtied

] TOLL FREE

| HERNE |(B00) 645-9518

el 'n N.Y. State call BOO-832-1446

Free Catalog on Requeg]
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Learn robotics and

you build this

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

The wave of the future is
here. Already. advanced robotic
systems are producing every-
thing from precision electronic
circuits to automobiles and
giant locomotives. By 1990,
over 100.000 "smart” robots
will be in use,

Over 25,000 New Jobs

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

You get and keep Hero 1 robot with gripper arm and speech synthesizer, NRI

to grow. salaries have no place

to go but up!

Build Your Own Robot
As You Train at Home

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

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

€

Discovery Lab for electronic experimentation, professional muitimeter with
3%a-digit LCD readout, 51 fast-track training lessons.

WWWW americanradiohistorv. comm

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

Program Arm and Body
Movement, Even Speech

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

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

You'll learn how your
completely self-powered robot
interacts with its environment
1o sense light. sound, and
motion. You program it to
travel over a set course, avoid
obstacles using its sonar
ranging capability. Program
in complex arm and body
movements using its special
teaching pendant. Build a
wireless remote control device
demonstrating independent
robot control in hazardous
environments. You'll even
leamn to synthesize speech
using the top-mounted
hexadecimal keyboard.
Training to Build a
Career On

NRI training
uniquely incorporates
hands-on building
experience to

Your mobile robot duplicates functions of state-of-

the-art industrial units.

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

WwWww americanradiohistorv comm

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

Send for Free
Catalog Now

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

NRI NRI SCHOOLS

v " r McGraw-Hill Continuing
e“}. Education Center
H

3939 Wisconsin Ave.
Washington. DC 20016
WE'LL GIVE YOU TOMORROW.

¥BEL AV

-
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LETTERS
continved from page 14

AM STEREO

Marty Bergan's recent construction article
dealing with AM sterec {Radio-Electronics,
January 1984) was a real delighi, but there is
one stalement that should be more fully ex-
plained so that readers will nol assume that
there are congurnerc-type AM radios available
thal are capable of hi-fi performance. The
author states that the Healistic 12-656A has a
3-dB bandwidik of 12 kHz. He 18 ciearly refer-
nng to the IF bandwidth, bul that would imply
that the 3-0B audio bandwidth s 6 kHz. The
test data {see Fig. 1) shows that the 3.dB
audio bandwioth is under 3 kHz for that par-

1Ly

£ P ok em s |
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o
841w 11
Tt T

20 50 100200 50O tK 2K 5K 10K
FREQUENCY-H:
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I =TEr—1- =1 f—]
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FIG. 1

ticular radic. which s still better than 1he typi-
cal AM radio.

The 12-656A uses the standard arrange-
ment of 2 IF ampifiers with 3 singly 1uned
transiormers. The adjacent channel selec-
tivily is set by those couls. and. assuming that
ihe loaded Qs of the cods are equai. an audio
response of 3 kHz means that the attenualion
at plus and minus 10 kHz is only 18 aB. The
attenuation at ptus and minus 20 kHz is 33

R-2000

SSB, Cw, AM, FM, digital
VFO’s, 10 memories, memory/
band scan, optional 118 ~-

174 MHz coverage...

The R-2000 is an innovstive all-mode
S8B. CW. AM. FM receiver that covers
150 kHz— 30 MHz. with an optional
VC-10 VHF converter unlt to provide
coverage of the 118-174 MHz
freqnency range.

R-2000 FEATURES:

« Covers 150 kHz— 30 MHz in 30 bands. UP/
DOWHN band swiiches YFQ's tune across 150
kHz—30 MHg.

* All mode: USB. LSB, CW, AM. FM.

* Dighal VFO's, 50-Hz. 500-Hz or 5-khiz steps.
F. LOCK swiltch.

* Ten memories siore frequency. band. and
mode data. Each memory may be tuned an
a VFO, Original memory frequency may be
recalled.

¢ Lithium batl. memory back-up. |[Est. 5 y¥. life).

* Memory scan. Scans all or sclected memories.

* Programmable band scan. Scans within pro-

rammed bandwidth.

* Fluorescent tube digital display of frequency
(100 Hz resolution) or Ume. DIiM switch,

* Dual 24-hour quartz clocks. with timer.

* Three bullt-In IF fliters with NARROW/WIDE
selector swilch. ICW fiiter optional.l

* Squelch eircuit. all mode. bulll-in,

* Noise blanker bullt-in.

* Tone contral

¢ Large front mounted speaker.

* RF siep atlenusior. 10-10-20-30 dB.]

* AGC switch. |Slow-Fast.)

* "5 metel. with SINFO ~5° scale.

* High and low impedsnce antenna terminals,

* 100/120/220/240 VAC. or 13.8 VDC (Option]
operation.

* RECORD cutput Jack

* Timer REMOTE oultpul [not for AC powen

* "Beeper”

* Carrying handle,

R-1000 High performance recelver

* 2000 kHz—30 MHz » digi1a) display/clocks
timer = 3 IF lillers = PLL CONVEraion

* nolse blanker * RF slep attenuator » 120-
240 VAC 10ptional 11.8 VDCL.

R-600 General coverage receiver » |50
kHz =30 MHz « digital display = 2 [F fllters
* PLL UP converalon * nolse blanker = RF
at * front speaker * 100-240 VAC
[Opilonal 13.8 vDl.

Optional accessories:

« VC-10 118-174 MHz converter.

* H5 -4, HS-5. H5-6. H5-7 headphones.
* DCK-! DC cable kil

* YG-455C 500-Hz CW filter.

* HC-10 World digital quanz elock.

* AL-2 Surge Shunt

KENWOQOD

TRIO-KENWO 0D COMMUNICATIONS
1111 west WalnutiCompton. CA 90220
Telephone: (213} 639-9000

CIRCLE 45 ON FREE INFORMATION CARD
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dB. Since the ¢oils have a Ioaded Q of 38,
each oodl has a bandwidth ol 12 kHz, and that
handwdih might be what the author had in
mind when he made his statement.

F. DAVID HARRIS

West Hartford, Connecticut

COMREX

The article on the abililies of the Comnex to
improve the frequency response of remote
broadeasting using a teiephone company dial
line {Radio-Electronics, January 1984 —
“Communications Comer™), was greal as far
as it went. However, YOur readers might be
interested n another product line that does a
much befter job. The C.N. Rood BAX 114
portable transmiiter and 1100 receiver, when
hooked together through two 1elephone dial-
up Enes, will deliver the sporis announcer’s
VOICE 10 the conlrol room with hisiher “studio®
sound.

The Rood iransmit/receive pair has the fre-
quency response and signal-lo-noise ratho of
a 5 kHz equaiized telephone company line
from anywhere in the world. Briefly, the trans-
mitter cirCuls include a band spiitier (SO Hz fo
2.5 kHz and 2.5 kHz to 4.95 kHz), an audio
compressor for each band, a 350 Hz siide up
for the low band and 8 2.1 kiHz slide down for
the high band. The receiver ciIrcuits include
an audio expander for each band, a 350 Hz
slide down for the low band, and a 2.1 kHz
slide up tor the high band. The two bands are
then seni through a CoOMbining netwark,

The resul! can be considered "nothing
short of a miracle”™ as one gnzzled oid radio
enginesr puls it. That “muacle”, however,
does not come cheap. [Name me a miracle
that doesl) Expect to pay close to $3.500 for
the required iransmit/receive pair.

G. JOHN WEED
ABC Badio Network
Larchmont. N.Y,

REPRINT APPRECIATED
Thank you for the great idea of this reprint
{The Electro importing Catalog). | am and
aiways will be In love with Hugo Gemsback
and all of his publications. If you ever decide

TRE LLACTERO POl TUG COMPANY, NEW YORE, CAT, Fa

to repnnt any other dems, please keep me in
mind; price is no objact. Use the best grade of
paper and the latest techniques. you will find
that 1he collecting lratemity Is not a penny-
pinching crowd. Thanks again.

PHIL WEINGARTEN

Forest Hil, N.Y,
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NO MORE COMPUTER MAGAZINES

Why don’i you {ell Edward W. Loxterkamp
ol New Yok, that | be wants 10 read more
about computers, there are plenty of maga-
zines he can buy | definitely agree with Step-
hen F. Wiiey. You dont need any more
emphasis on compuiers than you have now.

Radio-Elecironics 15 the last good gener-
at-interest electronics magazine on the
stands. 1 have subscribed to both Radio-
Electronics and Popular Electronics since
1976. As long as you Stay the all-around elec-
ronics magazine that you are, I plan tobe a
subscriber for lite.

The February 1984 1ssue of Computers &
Elecirorics | ust received doesn't have 8 sin-
gle article deaking with anything bui comput-
ers. The next renewal slip | get from them
goes In the round file.

RICHARD D. TAYLOR
Shorewood, IL

POWERLINE TRANSIENT
SUPPRESSOR

In refer@nce to the powerline transient sup-
pressor, Radlo-Electonics. September
1983, pages 57-58:.As that crcult is pre-
sented, when an excessive ransient causes
fuse F1 1o biow. whatever is pagged inlo the
suppressor s nol protected from any further
{ransients thal may occur.

When | buitl this powerin@ transient sup-

pressor | altered the circuit 8 shown in Fig. 2,
I the fuse bigws, the relay drops out and stays
oul lo Protect the equipment Disconnect the
relay from FL1 and reconnect it 10 fuse fop-
~see Fig. 2.

| would appreciate & # you would publish
this letter. s0 readers could make this modi-
fication %0 ther transient suppressors.
ERIC DEUTSCHMANN
Spence Bay. Canada

TV SOUND CONVERTER

The articte on the “TV Sound Converter™,
that appeared in the Novemnber, 1983 of Ra-
dio-Elecironics seems 10 have generated
quite a b4t of inteérest and bas brought an
excellent response from the readersl|

Many people have asked questions regard-
Ing the circuitry. Here are alew answersto the
most frequent anes.

It you wish (0 vse the project with your
sterg0 ampifier. Simply tap off the audio at
switch $1. In addition. it will probably be nec-
essary 1o connect a 1uF capacitor in senes
with the hot |ead to remove the DC-offset
voltage. It you chose to do that. § may not be
necessary to bulld the rest of the audio circuit-

ry, as f isn'l used.

With some LM30B9 IC'S, squelch operation
may be poor or nonexisient. You can easily
snap up 1be squelch performance by building
the circunt shown i Fig 3 onlo the back of the
board. No foul culs are necessary, but you
must remove all parts connected 1o pins 5 and
12 before slarting the wirg Pin 10 winng
stays as is.

And hnaily. for those readers who made
their own circunt boards. there 1s troubleshoot-
ing assistance available, ! needed. Please
send a SASE to the supplier address given in
the aricla,

GARY McCLELLAN
La Habra. CA

— Y
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Look

for trouble
...and find it.

New “Understanding Digital Teoubleshooting™
book from TL
The move is on o digial circuits. increasing the need
foe expert maintenance and repan tluablznutmg.
Before trouble finds you, get the new T Under-
standing Series Digstal Trovbleshouting book. The book
covers basic concepts and operating ponciples and
leads you through o acurate ning
techmques,
This 264 page book is filled with the latest
information, clear dlustracions and self-
tests, [th everything you need ro find m

, d(ig:ilrsx“;;w today. .
]
TeExas b
INSTRUMENTS

and services for you.

Pieaty 3] e . Ousnity Pricy Mall 1o I

l g?mm-m 0 Texas [nstruments |
(LLB4036) —E P.O. Box 3640, MJS 54 |
a ]l g Sthd-State £ n

| ooty B . e Dallas. Texas 75285 |

| _D]umwb-nu{m—‘mil _=:= Add $1.25 per bock for postage shd handling. Prices |
Undiecsiandmg PRI - 7", -/ R ;

I o R : ot wubject to change wahow notice. l
[ Ungersiandeng Communcatons Syshems — E\Ch&cchcck“mﬂl’-lhuhtu(tnctﬂ

I GMI — AKX, DE. NH, OR). Foreign arders must be m US. !
Understieang Computer Scnct— (LLBSATY, & H.8 dollars and inclikde shippmng charges. No phone

[ s siedhapptt == gt S EROR A g v

| 0 Underviandeng Automotve Exectronas — Q=) |

I CasTh} pu—— 1] 1
) Ungeratandang EMctrort Securty M |

] —{CR7HY) pu—-y Y '
3 Uncevatanding ¢cirone: Convnd of £rerdy

| e - —aun i |

| “nesneny —_— e |

| [ Undar3andany Emcirores Cortrol ol Automatron Ciry 1
Syshems — (LCBMA1) —

| Salt Swdy Comrsen: ,
[ AC Auded (LCBGEST AL Tod {LOWSB1ES) — Etan Sus Lp.

| 6 0¢ e (c8582210C et (UEWBIEY —_amm [

I ) Losrning Camier Lirary Cutmbog 1EM-110L) — T T C19eaT] '
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EQUIPMENT REPORTS

Kaypro 10 Hard Disk
Computer

This portable computer comes
complete with a hard disk and
bundled software.

CIACLE+101 ON FREE INFORMATION CARD

FOR IUST A FEW DOLLARS MORE THAN THE
cost of adding a separate hard-disk unit to
an existing compuler systém, you can
have a full-feawred portable computer

with hard-disk mass storage from Kaypro
Inc. {533 Stevens Ave.. Solona Beach,
CA 92075). The compulter system. priced
at $2795. features a buili-in 10-megabyte

hard disk. a double-density two-sided
floppy-disk drive. and most of the sofi-
ware you'll ever need,

Description

Ouwwardly. the Kaypro /0 closely re-
sembles the well-known Kavpro {f in
overall size and appearance. though it’s
slightly heavier at 31 Ibs. The computer is
housed in & metal cabinet with 2 carrying
handle on the top. When placed flat on a
table, two catches release the keyboard
unit revealing the front panel of the com-
puter. The typewriter-style keyboard con-
tains four-way directional keys and a
separate |4-Key calculator-style numeric
keypad. The fromt panel of the computer

continued on page 25

fea

AUTORANGING DMM

There's no sacrificing
quality, even at this low
price. And check out these

* Autoranging

* Shock Resistant

» Continuity Buzzer
* Fuss Protection

» Salety Construction

High Quality. Low< Prices.

MODEL DM-6500

Priced at only

S79

tures:

MODEL DM-6590
ELECTRO-PROBE™ DMM

Lowest price available!

Including case
The hottest new instrument to hit the
markel, Contains features such as:
* Autoranging
* Data Hold Button
* Shock Resistant Housing

* Continuity Buzzer
® 200 hr. Baltery Life

i

RANGES
DC Volt?‘N GES AC/DC Volis: Resistance:
200m/2/20/200/ 1000V 2/20/200/500V 2W/20k/200k/2000k0
AC Volis: For more information on the DM-6500 and
2/201200/600V DM-6590 see your local distributor or con-
0 AC/DC Current tact A.W. Sperry Instruments Inc., P.O.
O 200 mA/10A Box 9300, Smithtown, N.Y. 11787. Phone:
5 Resistance: B00-645-5398 Toll-Free (N.Y., Hawaii, Alaska
E 200/2k/20k/200k/2000k0D call collect $16-231-7050).
e
i
O
g The Measurable Advantage.
i
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o IT WASN’TOUR IDEA
23 | =  TOADDTWO NEW SIZES
,». TOOURLINEOF

== ACE BREADBOARDS.
A885e. *  ITWASYOURS.

Good ideat You told us you wanted to build
larger projects. And, that you needed bigger
solderless breadboards to bulld them.
well, our two new A P PRODUCTS All Clrcult
Evaluators are just what you had in mind.

The ACE 245 has 25% more capacity than
our previous largest breadboard. {t has @
circuit building matrix of 4520 solderless,
. \ g = _— plug-in tie-points. And, if
A \ e ! eal” == bigger is better our new
ACE 254 has a circuit
building matrix of 5424
solderless fie-points.

For the AP PRODUCTS
dealer near you
¢all Toll Free
800-321-9668.
In Ohio, call collect
(216) 354-2101.

A P PRODUCTS INCORPORATED
9450 Pineneedle Dr. ® Box 540 ® Mentor, Ohwo 44061-0540 [216] 354-2101 » TWX: 810-425-2250

In Europe, contact A P PRODUCTS GmbH * Baeumiesweg 21 » 0-7031 Wal 1 = West Germary » Phane: [07157] 62424 » TLX: B41 07 23364
CIRCLE 87 ON FREE INFOAMATION CARD
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Il mV

VERTICAL JI 11
SENSITIVITY

G W NP

e

HIGH ACCELERATION

-L o VOLTAGE
£ SWEEP TIME/DIV
Ll Y e badils DUAL TRACE ON 1580

Sy TRIPLE TRACE ON I560

VANAARY . <% IDUAL TRACE ON 1540
V \/ \}\/ J_J\’ £ 6\ X10 SWEEP

MAGNIFICATION

Three new B&K-PRECISION scopes
loaded with features

at competition-busting prices

— =

o
4

60MHz 1560 - N 40MHz 1540
$1150 . ' $950

100MHz1580 $1.595

FOR MORE INFORMATION. see ihe i ]
latest Bs K-PRECISION catatog, For .‘K' RECISION E:JC\},FII\FIDIDAES'AN
your [ree copy. conlit your bocal 10

disibuior or BaK-PRECISION. 5460 Wesl Cortland Street « Chicago, linnoill 60635 + 312/BRS-9087

F Chucago llnges 6OB5
a as Electroncs. Ontano
Exporicrs, Plainview. NY 11803
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EQUIPMENT REPORTS

continued from page 22

contains an 80-column X 24-row 9-inch
green monochrome anti-glare CRT dis-
play. To the right of the display there’s a
power-indicator lamp, a hard-disk-ready
lamp, and a vertically mounted half-
height floppy-disk drive.

A swing-out tilt bracket eleviues the
front of the computer so that its bottom is
level with the top of the keyboard. The tilt
bracket allows easy access to the floppy-
disk drive. It also positions the display
screen so that it’s tilted directly loward the
user’s eyes, making it onc of the few com-
puter displays that won't give you a stiff
neck after extended use. Unfortunately,
most computer displays are oo high. and
you'll really appreciale having the tilt
bracket after several hours at the computer
punching in data.

In addition, the display is recessed so
that it's shielded from overhead lights and
its face is etched o sharply reduce the
affects of room glare. The screen position
and antiglarc precautions make that dis-
play one of the best we've seen for long-
term viewing.

Kaypro Kaypro 10

I

OVERALL
PRICE

INSTRUCTION
MANUAL

Turning to the rear of the computer we
find a power-cord receptacle along with
storage clips for the cord, the power
swilch. a reset switch. a brightness con-
trol, and a parallel-printer output with a
Centronics-type connecior. The rear punel
also contains two standard RS-232 /O
ports—one that can be used for a serial
printer and the other for a inodem—and a
modular telephone connecior for an op-
tional tight pen. In addition. there is an-
other modular connector for the con-
necting cable that is used to connect the
keyboard lo the computer.

The main features of the Kaypro 10 are
the internal 10-megabyte hard-disk, a
CP/M operating system, and an extensive
bundle of software. (Bundle means soft-
ware supplied with the computer at no
additional cost.) The hard disk has a basic
cazpacity of 10-megabytes and is automat-
ically partitioned to function as drives A
and B. Almost all the softwear is dupli-
caled on drives A and B and is so exten-

sive that it uses more than 2.5-megabytes
of storage. thus the hard disk comes with
almost 6 megabytes already in use.

[f the user inadvertently
“blows "(erases) a program on, say, drive
A; it can recopied on drive A from drive B
using the PIP (copy) command. The flop-
py-disk drive is used as drive C and
provides 390K of storage. That drive can
be used 10 make bick-up copies. Almost
all the software can be transferred to fop-
py disk. thereby freeing the hard disk for
data storage. (As you can see from Lhe
preceeding. the system is exiremely flexi-
ble and easy to handie.)

Software

The list of software provided by Kaypro
al the time 1his report was prepared in-
cluded: MBASIC. an easy-to-use BASIC
language for the beginner and experi-
enced programer: SBASIC. an advanced
BASIC language 1that you can use to wrile
your own programs. There’s also Perfect
Writer Ya word-processor program) and
Perfect Speiler (a spelling checker). The
Word Plus (a highly rated spelling check-
er). and Perfect Filer (a dulabase pro-
gram). In addition there’s Perfect Cale (u
“What If...7" prograum). Profit Plan
("What If... 7" business planning). and a

Where's Your ELECTRONICS CAREER Headed?

Put Professionol Knowledge ond a

COLLEGE DEGREE

in yowr Electronics Career through

HOME
STUDY

Earn -Your —a
DEGREE —

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

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

Qur free bulletin gives full details
of the home-study program. the de-
grees awarded, and the requirements
for cach degree. Write for our free

Bulletin 5-84.

Grantham College of Engineering is
a specialized institution catering o
mature individuals who are employed
in electronics and allied fields such as
computers. The field of electronics is
so enormous thalt opporiunity for
advancemem is always present. Pro-
motions and natural tumover make
desirable positions available to those
who are prepared 10 move up!

Advancement in electronics is made
casier and more certain by (1)superior
knowledge, and (2) documemation of
that knowledge. Grantham specializes
in making both | and 2 as listed above
available 10 you.

Grantham®s home-study program
leading to the

B. S. DEGREE

may fill an important need for you.
This is a comprehensive correspond-
ence program in which you first review
some things you already know, in
preparation for the studies that come
later. Some previous knowledge in the
field is presumed, but is thoroughly
reviewed in depth, 50 as 10 give you
a thorough foundation for the level of
studies you have not previously under-
taken. Even though some students
hold associate degrees before enrol-
ling, an A. 8. Degree is awarded along
the way toward the B. 8. Degree.

For full information, write for Bulletin 5-84.

Grantham College of Engineering
2500 So. La Cienega Blvd.

P. O. Box 35499
Los Angeles, CA 90035
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game package. Also included are the usu-
al CP/M utilities such as PIP and SUB-
MIT, as well as some unusual but
extremely convenient routines. For exam-
ple. one utility allows the user o in-
stantancously select the baud rate for the
modem RS-232 pan, while another utility
allows the simultancous selection of a dif-
ferent baud rate for the second RS-232
pon. (Since Iwo serial pons have been
provided, you, of course. can have both a
modem and a serial printer connecied at
the same time; the modem does nor dis-
able the printer.)

There's also Kaypro's version of the

-public-domain utility XDIR that provides

an alphabetized direclory showing the
size of cach program and the free space on
the disks. Kaypro also provides a dumb-
terminal program and a wtility called
SAFETY.

SAFETY is the software thal permits
the hard disk 10 be truly ponable. As you
mighl have wondered. how does one pre-
vent knocks and jolis from causing the
hard disk’s heads from crashing into the
disk and damaging the magnetic surface?
The very last thing the user does before
shuiting down is 1o run the shon and fast
SAFETY program that parks the heads on

AN INNOVATIVE

=
wm e
w —

LEADER

Irintr wvsarrtn Corg

Tektronix
KEITHLEY

@ HITACHI

5 . mNAﬂAC'-.N

BECKMWMARN

A ————

= Polaroid

Pl

‘ ASSOCIATID
PESLARCH, 1NC
(e a e rsmne

HRAMELS

SS5702
DC-20 M2 OSCILLOSCOPE

20 MHz
OSCILLOSCOPE
THAT EMPHASIZES
OPERABILITY

= oE
e
-

6-inch rectangular, parallax-free CRT

POWER DERIONR

TV-V trigger

Variable sweep length

yEw

Double Lissajous figure
1 mv/div to 10 V/div sensitivity

100 ns/div to 0.2 s/div sweep

WESTON

Ditferential input with ADD mode

*User pnce, inchuding orobes

SOLTEC g

CORPORATION

The Professional Test Equipment Source

The Instrument Mart

295 Community Drive. Greal Neck. New York 11021
(916) 487-7430 ousice n.v. (800) 645-6535

Sales, Servica, Rental/Leasing Programs — .
.. and Pre-Owned Test Equipment also Avaiable —— @
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a safe arca of the disk. With the heads
parked, knocking the computer around
causes no damage o the surface of the
hard disk.

Keep in mind that in the past Kaypro
has continuously upgraded and changed
the sofiware bundled with their comput-
ers, so that by the tme you read this repon
the bundled sofiware that is being
provided with the computer might be
completely different. There might even be
several different packages. In that case,
you might even be allowed to choose be-
tween different sofiware packages at no
extra cosl,

Instructions

We had the founth draft of Kaypro's own
preliminary operating manual for the
computer. It was excellent: notably Clear,
well organized. with an excetlcn table of
conients (among the best operating man-
uals we have seen). Unfortunatcly, the
same cannot be said for the other soft-
ware., whose documentation is the origi-
nal from the software houses. Except for
The Word Plus documentation, the re-
mainder of the software documentation
was the usual wordy, dull. tutorial style
that has come to characterize personzal-
computer manuals. The CP/M documen-
tation thal was provided was the version
by Digital Research. which is vinually
incomprehensible to anyone except a
computer specialist or engineer. (We wish
that mosl of the documentation were re-
written by Kaypro!)

There is not much negative to say about
the computer itself because it worked
Rawlessly. even afier being subjected to
some rather rough handling for two
months. However, we must point out that
we were extremely carcful at all times
about always parking the hard disk’s
heads with the SAFETY program.

The screen display is guite bright and
razor sharp, with an outstanding. easily
readable font (type style). The display
looks as good as what you'd cxpect from a
high performance typewriter or printer.
As mentioned., the averall handling of the
unit was cXCeptional, though we're nol
fond of the locklng lever on the half-height
Hoppy-disk drive (most half-height drives
have a similar lever).

The only real complaint with the com-
puter is the female Centronics-type socket
connector used for the parallel printer out-
put; it's the wrong gender. A sockel is
generally used on a prinier. The computer
should have a plug connector 5o a stan-
dard extcnsion or connecling cable can be
used. (And anyone who's cver looked
knows. it’s not easy to locate a male-to-
male cable in local computer slores.)

Other than the primter conneclor there
are no complaints, not even nil-picking,.
The Kavpro 10 does exactly what it's sup-
posed to do—and it does it remarkably
well. R-E
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Heath EE-3201 Digital
Techniques Course

Learn ail about digital
electronics with this home-study
course.

CIRCLE 102 ON FREE INFORMATION CARD

IF THERE IS ONE WORD WHICH TYPIFIES
the world of electronics today. the word is
digitat. There is no escaping it. Every-
where we turn in this electronics world—
whether we re involved with it for hobby
or business purposes—we cncounter the
nced to be familiar with digital tech-
niques.

It doesn’t matter whether we're in-
volved with computers. radio. clevision.
of consumer-clectronics repair because
they arc all using digital circuitry in one
way or another. And. since that is the
case, it makes sense to lcarn about digital
theory and applications,

But. where do you begin the leaming
process? If you are in school, then you
have ne problem because it’s what you are
studying. Otherwise, you have the alier-

natives of going 1o the library and ying
to icach yoursell from the books on the
shelfi buying every moderm book on the
subject and studying them thoroughly;
signing up for an evening course at a tocat
school or college. or taking a home-study
course

A home-study course

Some of the best home-study matcrial
on thc market is provided by the Heath
Co. {(Benton Harbor. MI 49022) via hcir
series of continuing education courses.
Those courses provide the type of training
needed for the person who wants some
knowledge. but doesn’t need the full
course pruvided by a traditional corre-
spondence school. To be sure. you can
use the Heath senes in such a manner.

But, if you are simply looking for specific
training on a specific topic. then Heath's
courses provide an ideal program.

The course we will be looking at this
month is their £EE-320! Digital Tech-
niques course. Using well-written. highly
illustrated extual material. that course
takes you through every siep you need 1o
become fully fumiliar and comfortable
with digital theory and electronics. The
course relics nut only on the traditional
question-and-answer technique of leamn-
ing. but alse provides positive reinforce:
meni to that learming with short tests at the
end of each learning unit and with z final
examination at the end of the course. The
unit exams allow voulotest your knowl-
edge and give you the opporunity of re-
viewing any material on which you may
be a litlle weak, while the final examina-
tion 1ests your overall tearning of the ma-
terial. I is returned to Heath for grading
and. if you pass the course, you can ¢arn
continuing education credits.

As with other Heath courses. pro-
grammed experiments are used 1o help
you appreciate and gain a beiler under-
stunding of what you have ieamed. Like
all Heath products, the company supplies
you with all the discrete componenis you
will need to complete the experiments.

However. completing those experi-
ments does require that you to invest in

Quick charge cordless
soldering Iron. Up to 125
electronics jolnts per
charge. Total recharge
in less than 4 hours.
Isplated tip deslgn. One
of more than 2 dozen
1SC-TIP and ORYX irons
available. write for free
catalog and name of
nearest distributor.

A Hot Tip
on

Cordiess
soldering

Soldering Iron

¥ 1sopme ~—4

ORYX"

WAHL CLIPPER CORPORATION
Sterling. lilinols 61081 = (815) 4256525

CIRCLE 8 ON FREE INFORMATION CARD

QUICK CHARGE

No 7700

Cordless

THE PCBH-50
AN?CmPgBH'm

This compact and rugged
Printed Circunt Board
... Holdey and Solder Station
with self loching end
support atides easily

to sux board

width. Board
holders are spring
losded for ¢ a3y board removal. Bosrd may

b rovated a full 360° for eawy access
toboth sides._ Inciudes
soddering iron hobder and
tip cleaning sponge.

82-80
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ELECTRONK. TOOLS & ACCESSORIES

205 BANTA PLACE
FAIR LAWN. MJ. 07410
TEL: 201.796-1720
TELE: 968771
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the E7-32008 Trainer, which provides not
only three built-in. regulated power-sup-
plies. but also four logic switches, a
three-frequency clock, and a solderless
breadboard. You can assemble this kit
yourself or have it preassembled from the
fuctory. The kit costs $99.95, while the
assembled version costs $179.95. Either
way. itdoes increase the $89.95 cost of the
course. although you can buy both the
course and trainer kit for $174.90.

That added investment is well justified
if you intend to continue with other Heath
courses. of if you do breadboard circuits
and need a way 1o 1est them as part of your
hobby or professional work.

Further. the course does reguire you to
have 2 multimeter and single-trace os-
cilloscope. which. if you are just purchas-
ing them for the first time. can also raise
the cost of this course appreciably.
However, once you have that important
test equipment. 1t is always there on your
bench for you 10 use.

As with all Heath courses, Digital
Techniques comes with high-quality vinyl
binders that hold the course material. and
ail of the components needed for the ex-
periments. Al one time. Heath offercd
audio Ieaming aides as part of the course.
but thar policy has now changed and the
company makes them available as a
519.95 option.

‘Heath

INSTRUCTION
MANUAL

What% covered

The purpose of all of that is to make you
compleiely comfortable when working
with digital circuitry, By the time you
finish the course, you will be able to dis-
cuss the advantages and benefits of using
digital techniques in electronic equip-
ment. You will also be able to name the
major applications of digital techniques in
¢lectronics, convert between the binary
and decimal number systems, and recog-
nize the most commonly used binary
codes.

Further. you will alsc be able to name
the major components used in imple-
menting digital circuits, such as gates and
flip-flops. and explain how they operate.
You will also be able to identify the more
commonly used fntegrated circuit fam-

iltes used in digital equipment, as well as
be able o discuss their operation, charac-
teristics. and features.

Other topics covered in the course in-
clude Boolean algebra and how 10 use it to
express logic operations and minimize
logi¢ circuits in design. Among the digi-
tal circuits examined are binary and BCD
counters. shilt registers and a variety of
other sequential and combinational logic
circuits.

Also covered is how to design com-
binational and sequential logic circuits for
a given apptication, the operation and ap-
plication of digital counters in tine and
frequency measurements, and how a digi-
tal computer is organized and how it oper-
ates. Finally. the course concludes with a
thorough discussion of microprocessors,
ineluding a look at their operation and
applicitions.

Through all of the Iessons in the course
you are constantly performing experi-
ments to help increase your knowledge
and reinforce what you've already learn-
ed. It is a very good teaching method.
Overall, we found the Heath EE-320!
Digital Techniques course 10 be worth the
time and effort involved. It was well-writ-
ten and casy to use. We would have liked
to sce the audio aids still included as pan
of the unit as they do help. As such we
recommend their purchase. R-E
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The Bearcat DX1000
makes tuning in London

as easy as dialing a phone.

Direct access keyboard tuning
brings a new level of simplicity
to shortwave radio. With the
Bearcat® DX 1000, dialing in the
BBC in London is as easy as
dialing a telephone. And you can
switch from the BBC to Peruvian
Huayno music from Radio Andina
instantly. Without bandswitching.
Featuring the innovative
microprocessor digital technology
made famous by Bearcat scanner !
radios, the DX 1000 covers 10 kHz
to 30 MHz continuously, with PLL
synthesized accuracy. But as
easy as it is totune, it has all
the features even the most
sophisticated "DXer” could want.
10 memory channels let you
store favorite stations for instant
recall—or for faster “band-

scanning” during key openings.
The digital dis-
play measures
frequencies to
1 kHz, or at the
touch ot a but-
ton, doubles as
a two lime zone, 24-hour digital
guartz clock. A buiit-in timer
wakes you to your favorite
shortwave station. Os, it can be
L programmed to activate
peripheral equipment like a tape
recorder to record up to five
different broadcasts—any
frequency, any mode—while you
are asleep or at work.
The DX 1000 also inCludes
I Independent selectivity selection
to help you separate high-
powered stations on adjacent

® Copyright 1983, Masco Coiporation of Indiana
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frequencies. Plus a noise blanking
system that stops Russian
pulse radar interference.

There’s never been an
easier way 10 hear what the
world has to say. With the
Bearcat DX 1000 shortwave
radio, you have direct access to
the world.

For the name of your
nearest retailer dial toll-free..
1-800-SCANNER.

Fraquency Range: 10 kHx 1o 30 MHz continu-
ousty Tuning: Dwec! keyborrd entry, selectable
Jor 24 kHZ per revolulion knob Tuneng, o MBMUE|
slep luning In selectabie 1-99 kH2 sieps Sendl.
Hvity: 1.0 vV AM. 05 o CW/SSB/FM. 1 630
MHz image and IF Rejection: 70 dB or more
Memory: 10 Mequency capacty Frequency
Siability: Betier than 100 Hz after warm-up,
Modes: AM/LSB/USBICWIFM AGC: Seect
able Fasl/ Siow release Wnes. Filler Bandwidthe
27 kHzr 8 wHz and 12 kH2. Filtesr Selection
Inde peadent of Mode.

|

Beoncaot DX 1000

shortwave radio.
Direct Access To The World.
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THE POMONA PROMISE

Our constant goal is to provide the design engineer
with the best DIP IC test clips made in this country.
Or anywhere.

LI LT

(1111101

The best.

Yes, we know that's a big
statement, the kind that puts your
reputation on the line.

But that's okay with us be-
cause it's what we'’ve been saying
ever since we started in business
back in 1951. So it's only natural
that when we began producin
test clips for dual in-line integrat
circuit packages we would prom-
ise design engineers only one kind
of performance. The best.

Well, we've been making the
DipClip for quite a while now, and
the professionals in the electronics
industry who have used our prod-

JARRAARERITT

g3

ucts will tell you plainly and sim-
ply that we kept our promise.

At ITT Pomona Electronics,
we know there is no such thing as
standing pat. We also know that
your neech change and your ex-
pectations become greater as the
demands become more severe. To
this end we will continue to create
a better way. A better product.

That's a promise.

All of our products are
described and illustrated in our
General Catalog, and it's free. Just
call (714) 623-3463 or 623-6751.

TWX 910-581-3822. Write to us at
ITT Pomona Electronics, a Divi-
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sion of ITT Corporation. 1500 E.
Ninth St., Pomona, CA 91766.

In Europe: ITT CANNON
BELGUIM S.A/N.V. Rue Colonel
Bourg Str. 105 Space A (B.3) 1140
Brussels, Belgium. Phone: 02-735-
6094,

Our products are available
through your favorite electronics
parts distributor.

*Dip Clip s & rrademack for 4 Pomone Electronics test elip.

ITT Pomona Electronics
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NEW PRODUCTS

For more details use the free
information card inside the back cover

MOBILE SCANNER, model MX-3000 15 a
compact-size unit with computer touch-entry
programming and six-band Coverage, with 30
channels, gesigned for use at home or on the
road. Programming IS simple and & "beep”
lone venfies entry.

The model AMX-3000 can also search for
active channels through as much as an entire

reply. it scan delay I1s not selecied; scanning
resumes in about six-tenths of a second.
Scanning can be at edher 5 or 15 channels
per second. A channel-lockout feature ex-
cludes selected channels from the scan; that
keeps generally busy channels programmed
into the scanner, while preventing them from
“lacking 10" on gach scan

CIRCLE 101 ON FREE INFORMATION CARD

band; when one Is found. its frequency will
appear on the digital display. Search can then
resume, of the new frequency can be slored
in one of the 30 scan channels. A selected
priority frequency can be programmed nto
Channel 1; if active. t automatically overndes
any other signal. A scan-delay feature hoids &
channel open lor approximately two seconds
at the end of a transmission to wail for any

The multitunchion digital dispfay shows
channel numbars when scanning, the chan.
nel and frequency when receiving, delay-
tunction and channel.lcckout status, and
search-mode operation. A brightness switch
can be sel for day or night operation.

The model MX-3000 is priced at
$299.95 —Regency Electronics, Inc., 7707
Record Street, Indianapolis, IN 46226

COMPUTER-SECURITY DEVICE, "Gale-
way.” is a sland-alone device for use with
asynchronous modems on thal-up or leased
lines. connecting 1o micro s, MINI's, of mam-
frames. It requires entry of both & cofrect (D
code and password before entry 15 allowed. |f
the correct codes are not entered within three
anempls. Gateway forces the modem 10 dis-
connect. deteaiing evenything rom the often-
used "Monte Cario” to the highly-sophisti-
cated “Trojan Horse™ style of gaining illegal

entry. Thera 18 ais0 a user-delinable time limit
for the ogon atempl. Again, it successiul
logon fs not achieved before time runs out.
Galeway breaks the connection

Gateway allows the use of up 10 20 pass-
words and user D codes, which ¢an be easily
defined and changed by the authonzed per-
son, |D codes can be wp o 20 characters.
Passwords can be any length, with an op-
tional minimum lengtn, and can use not only
1eiters and numbers. but characters such as

Electronic Troubleshooting

WINNER

Hickok's MX333 with
VARI-PITCH® and LOGI-TRAK®

Instantaneous VARI-PITCH speeds:

» Voltage tracing

» Troubleshooting in hard-to-
reach locatfons

» Tuning type adjustments
» Resistance checks

» Digital logic troubleshooting

And . . . Detects signal charac-
teristics and abnormalities not pos-
sible with digital or analog meters.

LOGI-TRAK replaces the best
100MH2 logic probes and offers:

» Eves on the probe tip, HI/LO
indication

» [nstant identification of margi-
nal states and fault conditions

* 100MHz response

» 5n sec pulse detection

LISTEN to what the MX333 can
do for You. Ask about our NO
RISK 30 day Free Trial.

HICKOK

THE HICKOK ELECTRICAL INSTRUMENT CO.
10514 Dupont Avenue » Clevelang, Ofwo 44108
[216} 541-B060
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FINEST QUALITY

Government Approved QQ-S-57 1e
SOLDER
SPECIAL

FOR THE MONTH

SN 60/4D Rosin Core (RA)

o One |b. Reels
16 swg (064 $7.95
18 swg (048 38.45
19 swg 38.95
swQ [(036) $9.45
21 swg (032) $9.85
‘A |b. Resls
=~ 22 swg (028) %585
24 swg (D22) $7.95

SN 62 (2% Sitven Eutectic-Rosin Core
21  swg (031) $19.95

Plus FREE Pesoiderieg Wick

FREE Freight On All Orders Over $25
Unider $25 acd $2 50 per oroer Meamm o 510
W Check @ Morey Oroer @ Masw Charge B Visa

MY Slate resigents 300 apprograte Sales lan

To place your order cail:

TOLLFREEB00-645-4808
In NYS {516) 334-2660 na COU 1 aczepiea

PG Box 668 Jevicho, MY, 11753

CIRCLE s8 ON FREE INFORAMATION CARD

SEE YOUR DEALER TODAY

-ANTENNAS -
-ACCESSORIES -

HERE'S A TIP
THAT'S PERFECT!

AM/FM AUTO RADIO
AND CB

| ‘Firesti®’l

GOLDEN SERIES

_—

-

BARE-HANDS TUNABLE
< “NOQ TOOLS NEEDED™
HIGH PERFORMANCE ANTENNAS

ALSO ANTENNAS FOR
CORDLESS TELEPHONES
k MONITOR SCANNERS

Daaler & Datebudor Inguares Inviled
SEND FOR FREE CATALOG

| Ciy
i - Sirying e C6 aad
Communicallons Marksl Sinca 1962.
5-YEAR REPLACEMENT WARRANTY

CIRCLE 40 ON FREE INFORMATION CARD

N - D ens s
| 2614 £anxt Agama Proena. AZ B50M |
Name . |
Street |

|

|

spaces, commas, and control characiers for
added password security. Since the unit 1s
menu-driven, na programming knowledge is

AL

CIRCLE 102 ON FREE INFORMATION C ARO

needed o change passwords. ID codas, ime
limits. or other Gafeway leatures A record 18
kep! of all logon attempts, both successtul
and unsuccessful. The authonzed person
c¢an access that record and spot attempled
illegal entres. The record 15 protected from
power failure {as are all other Gateway func-
fions) by a non-volatile memory.

Gateway 15 pnced at $395.00.—Adalogic,
1522 Wistana Lane, Los Altos, CA 94022,

CDAX STRIPPER, No. 2037.4. has a holding-
ring design that allows the user to stnp coax
cable with minimum etiorl. With one’s finger in
the holding nng, ane simply iINserts the wire
and rotates the tool. It 15 designed 1o strp
cleanly all of the five mos1 popular sizes of

CIRCLE 103 ON FREE INFORMATION CARD

coax cable; RG-6. RG-8, RG-9. RG-174, and
RG-182. The stnpping blades ¢an be ad-
justed easily for ditfereni culting depths fo
meet the user’s specifications, and the tool
can be se! 10 perform both two- and three-
level stnps. A 2-bladed repiacement blade
cassefts lor the stripper s avaitable. The No.
70374 s priced at $45.90 — Vaco Products
Company, 1510 Skokie Blvd., Northbrook. IL
B0062.

EQUALIZER ANALYZER, the model dbx
10 20. enables autamatic egualization to be
achieved individualy for lett and right chan-
nels, or In combination, with the accuracy that
only & computer can provide, It can analyze

e
CIRCLE 104 OM FREE INFORMATION CARD

as many as 10 lccations within a room and
then automatcally adjust equanzation for flat
rasponse. The proper equahzation setting
within & room can be accomphished in sec-

continued on page 43
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CABLETV|

CONVERTERS
DESCRAMBLERS

Largest Selection
of Equipment Available
§ Buy Warehouse Direct & Save $

36 channel
convertaer
54595
36 channel
wirad remote
convearter -
only ] -3
$8895

Send 52 for complete caralog
of converters and unscramblers

Quanity Dincownts * Vi * Maviee Charge
Ak 3% woping — Mich readent, 5d 4% wies 1ax '

C&D Electronics, inc.
P.0. Box 21, Jenison. M1 49428
(616) 669-2440

CIRCLE 67 ON FREE INFORMATION CARD
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Foiding Meters are Better

Not all multimeters fold. There's a
reascn. White other manufacturers were
busy copying each others designs, BBC
Iooked al where portable meters were
used and how they could be Improved.

The result is a2 unique approach. Folding
melers with large displays (18 mm LCDs)
and adjustable viewing angles, Now you
can have high performance in a meter

that excels in the tield and on the bench.

Hands Free vs Handheld

In multimeters “"hands free” is
significantly better than "handheld.” You
need three hands to operale the lypical
"handheld" meter in tﬂe field. One for
the maler and \wo for the probes. BBC's
folding design Ietsrou use a neck strap
for the meter. This frees your hands for
lhe probes.

On the bench, the large, adjuslable
displays pay off. It's a sensible design
that lets you make measurements faster
and more easily.

A Meritage of Precision e &

BBC's track record of expertise in
precision engineering spans eight
decades. All our meters are buiil to
tough VDE and DIN safety standards.
The 3'2-digit DMM’s feature 0.1% basic
dc accuracy and externally accessible
fuses for overload protection.

CIRCLE 72 ON FREE INFORMATION CARD

by design

Compact, Rugged and Atfordable

To design the impact resistant case that
protlects these DMM's, BBC relied on the
industrial design skills of the Porsche
Design Studios.

When open, lhe display angle is easily
adjustable. When closed, the display
and the controls are protected, and the
meters turn off automatically.
Competitive pricing Is another feature of
BBC meters. Prices start at $193.00.

Available 1ocally

BBC meters are available throughout the
U.S. If your instrumentation supplier
doesn’t carry BBC yet, we'll gladly iell
you who does. Call toll free:
1-800-821-6327
{In CO, 303-469-5231)
BBC - METRAWATT/GOERZ
6901 W. 117th Avenue
Broomfield, CQ 80020, Telex 45-4540

Engineering Excelience in Test and Masturemant

BBC s
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At CIE, you get electronics
career training from specialists.

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

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

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

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

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

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

what we've planned for you at CIE.

What you should look
for first.

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

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

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

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

With CIE’s Personal
Training Laboratory...

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

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

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

Earn An Associate Degree
from CIE.

One of the best credentials
you can have in electronics
—or any other career field
—is a college degree. That's
why CIE gives you the op-
portunity to earn an
Associate in Applied
Science

in Electronics Engineering Tech-
nology. Any CIE career course
can offer you credit toward the
degree...more than half of the
number needed in some cases.
You can also prepare for the
overnment-administered FCC
Federal Communications
Commission) Radiotelephone
License, General Class. It can be
a real mark in your favor...
government-certified proof of
your specific knowledge and
skills.
Shop around...but send for
CIE’s free school catalog
first!
Mail the card. If it's gone, cut out
and mail the coupon. If you prefer
to write, mention the name and
date of this magazine. We'll send
you a copy of CIE's FREE school
catalog—plus a complete pack-
age of independent home
study information! For your
convenience, we'll try to have a
representative contact you to
answer your questions.
Mail the card or coupon—
or write: CIE, 1776
East 17th St,,
Cleveland,

Cleveland Institute of Electronics, Inc.

Cl

YES... I'm shoppi

and CIE sounds well worth

package of home study information’

WWWwW americanradiohistory comm

around for the right kind of career traini
looking into. Piease send me my
catalog—including details about the Associate Degree program—plus my FREE

1776 East 17th Street. Claveland. Qho 44114
ASCradted Member Nationsl Home Stuay Couneil

in electronics —
CIE school

Print Name. L.
Address. Apt.

City - L State . Zip._

Age . - Area Code/Phone No.. s WS S -
Check box for G.1. Bill information: (] Veteran 1 Active Duty
MAIL TODAY! RE 84

VGL AYIN

L]
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NEW IDEAS

Proximity power switch

HOW MANY TIMES HAVE YOU COME YOUR
home with your arms loaded down with
packages and. afier great difficulty. man-
aged 1o turm on the hght? And how often
have you wished for an casier way? This
month we’ll look at a linle gadget that
allows you to switch an AC device on and
off by simply passing a hand (or soine
other pan of the body) near an insulated
touchplate.

How It works

The circuit is powered by a 12.1-volt
regulated power supply made up of diodes
D3 and D4, capaciter €9, and resislors
R12 and R13. The AC voliage is picked
directly off the AC line and rectified by
D3 (half-wave rectifier). The resulting DC
voltage is filtered by C9 and regulated by
D4. a 12 1-volt Zener.

Turning to the rest of the ¢ircuit we have
ICl. which is a 4046 PLL (Phase-
Locked-Loop). That IC contains a VCO
{Voltage-Conirotled-Oscillator), a source
follower. and 1wo phase comparators

{which we'll call eomparators | and 2)
with a common input-amplifier. When
power is applied to the IC. the VCO out-
puts a signal at pin 4 that is fed 10 both
comparators via pin 3 for use as a refer-
ence. That same signal is also fed to its
input at pin 14 through an R-C network
consisting of R1. €1, and R2. As long as
there’s no phase difference detecied by the
internal phase-comparator between the
VCO output and the input signal. the out-
put of ICI is zero. Bul when a hand is
passed close to the touchplate, body ca-
paciiance causes a phase difference. That
phase difference is fed to the comparaiors
through the common inpul amplifier.
Comparator | now takes that input signal.
compares it (o the reference and outpuls a
squarewave signal at pin 2 that is propor-
tional to the difference between the lwo
inpul signals.

The output of comparator | is then fil-
tered and fed 10 the VCO as an error sig-
nal. The error signal causes the VCO 1o
generate an error-correction signal, which

is then fed back to the comparators. Com-
parator 2 then outpuls a train or series of
pulses that is fed 10 a pulse-streiching
circuit consisting of three of the op-amps
contained in 1C3, a 74CI4 hex Schmitt
trigget. (A pulse streicher is a shaping
circuit whose output pulse duration is
greater than its inpul.) The siretcher cir
cuit also provides for debouncing and
noise rejection.

Afler conditioning. the signal is fed (o
pin 3 of IC2, 2 4013 dual D-type dip-flop
that’s used as a opgle flip-flop for alter-
nate-action swilching. By that we mean
that the device is rned on or off alier-
nately by the input signal (push on/push
off). To accomplish that action, the @i
output of the flip-flop (pin 2) is fed to its
pata input (pin 5). The logic level at the
pin 5 is transferred to its @ output at pin
during cach posilive-going transition of
the clock pulse.

At this point. the @ output of the flip-
flop is fed 1o the remaining three inverters

continued on page 110
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New Dimensions
InTime & Frequency

Now a Unlque concept In benchtop/portable instruments
Global Specialties’ New Handheld Model

5000 COUNTER TIMER

Designed for both laboratory and field operation, the Model
5000 is sophisticated enough to handle virtually all your Time
and Frequency measurement needs.

BIGONVALUE.

. . FEATURES & PERFORMANCE. The only

things small about the Model 5000 areits SIZE (7.60x 3.75 x
1.72inches)and PRICE . . . atonly $349,95 can you

afford notto have one? In stock now and ready for dellvery

. . . callus TOLL FREE to find out how to get your Model 5000

todayl

® Measure Frequency, Period and Pulse Width

Fullinput signal conditioning

Battery or Charger/Adapter operation

Unique automatic master reset logic

High contrast 0.43 inch, 8 digit LCD display

LCD indicators: Overflow, Gate Open, Low Battery
Display storage function maintains last reading

[

Input: BNC
Impedance:
Sensitivity:

Modes:
Frequency:
Period:
Pulse Width:

Coupling:

Attenuation:
Polarity:

Time Base:
Controis:

Power:

Dimensions:
welght:

SPECIFICATIONS

1M {} @ 25pF inallmodes
30 mVRMS — 1 kHz2 to 30 MHz
50 mvVAMS — DC to 50 MHz

.1 Hz to 50 MHz (gate times 0.01,0.1,1.0, 10 s}
50nsto 10s(1, 10, 100, 1000 cycie averages)
25nst010s(1, 10, 100, 1000 cycie averages)

Full Signal Conditloning:

AC or DC switch selectable

x1,x10, x100 switch selectable

+/~ edge Freq. & Period, >/< trigger
level, Pulse Width

Trigger Level: varable 0 + 500 mV x attenuator setting

10 MHz crystal oscillator { = 4 ppm,0-40°'C.)
Power/Test/On, Mode, Gate

Time/Cycles Averaged,
Display-NormsHold, Trigger Level,

Polarity, Coupling, Attenuation

6AA Celis (Nicad or Alkaline) 10 hrs
continuous operation Optional AC
Charger/Adapter
7.60x3.75x%1.72inches,(193 x 85 x 44 mm)
14 0z.,{397q), withoutbalteries

GUIKL

GLOBAL SPECIALTIES CORPORATION

K.

5000 COUNTER-TIMER

TRIGGER LevEL

+

GATE TIME
O 1 1 g MODE

! 10 100 1%

CYCLES‘VERAGED F P Py

PWR. DISPLAY p
OL ¢o
ON UP, ATT
el NOFI = i EN.

- . u‘ SV
res
OFF DC

0™ SV
| 5oy

l-N.'.}tLT.Iz

GLOBRAL SPECIALTlES CORPORATION

70 Fulton Terr., New Haven. CT 06508 (203) 624-3103 TwX 710-465-1227
OTHER OFFICES:

San Francisco {415) 648-0611, TWX 910-372-7992.
Eurgpe: Phone Safiron-Walden 0798-21682, TLX 851-817477

Call toll free for detalls 1-800-243-6077 during business hourd
CIRCLE 56 ON FREE INFORMATION CARO
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THE DRAWING BOARD

Bipolar supplies from a single 9-volt battery

ROBERT GROSSBLATT

A FEW MONTHS AGO WE ASKED IF ANY OF
you out there could come up with a way to
generale posilive and negative voltages
using only one nine-volt batlery. To tell
you the truth, we expected to get a fow
answers and then that would be the end of
it. Well. as someone once said. the longer
you live the more you leam. In the first
installment of *"Designer’s Notebook™
(March. 1984) we presenied a handy cir-
cuil that would produce a bipolar supply
from a single baitery. Needless to say. that
column was written some time before we
started 1his ““contest™ and in aciual fact,
the circuit shown and described there is
on¢ that we " ve been using in one varistion
or another for quite a few years. 1 fills all
the criteria we ¢ talked about for ¢ircuil
design: simplicity. reliability. and best of
atl=it’s chewsp!

The circuits that were sent 1o us covered
the entire spectrum of possible designs
from the straightforward to the con-
voluted. and from the perfecily workable
to the absolutely ridiculous. A few of
them were absolutely wonderful and we
found ourselves really admiring them and
wishing that the laws of the universe were
changeable so that they could be made 0
work! In a nutshell. all the designs that
were sent in ¢isn be grouped into three
categories: 1, Simpic wllage dividers: 2.
Oscillator and charge-pump variations:
and 3. Wishful thinking. It's impossible
for us 10 list and mention all the people
who sent in answers, so we’ve had lo pick
a representative sampling from the three
calegories. The ones that we'll discuss
here are those that we thought would be
the most inleresting for cveryone—not the
best or the worst. mind you. but simply
the most interesting. (Everyone who sem
in an answer and included a returm address
will get an answer from me. |'m soemy that
I've gotien a little behind in answering my
mail but | promise that I'll 1ake care of
that in the near futwre.)

We had planned to spend this month
discussing our digital sinewave-gencralor
but obviously many of you out there want
to know abou positive and negative
powcr-supplies. In any event. we'll get
back 10 the sinewave generalor next
month: remember. any time that you
spend learning something is s far cry from
being time wasted.

Generating a bipolar supply

The most logical approach to 1he prob-
lem of creating a bipolar supply is 10 build
a simple voliage divider. Now. we know
that there are many very obvious disad-
vantages to doing something like that. but
there are also lots of advantages as well.
And since the whole purpose of creating a
bipolar supply is lo save time and nwney.
il stands 1o reason that you'd want 1o use
the simplest design possibie. In facl. the
wholc problem can be eliminated by the
simple expedient of using either a center-
lapped transformer or (wo batieries.

o i
+J

Ri R
L}

__..ow'

| ==
AT
T2

R2
L—.—_-__J.——o-v

FIG. 1

A classic voltage divider is shown in
Fig. I. That basic circuit was sent in by
Brian Corzilius. Ken Fink. and David
Berger among others. For staners. you
couldn’t ask for anything simpler. Just
dive into your junk box, grab a pair of
resistors and presto—as bipolar supply. No
fancy pans, no silicon. snd best of sil. no
brain damage. S¢ what, you may well
ask. is wrong with that? The first problcm
with the voltsge divider is thal it should
only be uscd with circuits that have a
relatively high input-impedance. Any cir-
cuil thal draws serious amounts of power
is going to drain the batlery in record
time. Remember: current has to return o
ground. therefore the same resistors that
are creating the bipolar supply will also
acl as current limiters, If the supply is to
power sonie device that draws 50 milli-
amps of more. lhen the resistor values
have 10 be chosen by the spplication of
Ohm’s law, but be cureful because it's not
quite as siraightforward as you might
think.

Let’s suppose that you necd 30 mA
from 1he positive side. 5 mA on the nega-
tive side and the voitages have 10 be the
same (i.e. plus and minus § volts). In
order to get equal vollages you have [0

hiwve equal resistors. That means that both
Rl and R2 must be able to pass 30 mA,
Since those two resistors are 10 series with
each other and in parallel with the battery.
that translates into 2 1S mA drain—rough-
ly 50% of the needed current. That's quile
a priee to pay. And if you pick a value for
R2 that limits the negative current to §
MA you’re not going to get an equal bipo-
lar supply.

Tom Mostcller has also pointed oul an-
other ofien overlocked drawback 1o that
kind of circuit. Baltefy impedance isn’l
constani: 1l rises with frequency: also re-
sistive voltage dividers can cause prob-
lems when used in circuits that have high-
frequency signals running through them.
Foriunately. that can be overcome by
using a pair of capaciters 0 decouple the
power supply from the rest of the Circuil,
For the capacitors shown with dotted lines
in Fig. . Tom recommends a value of
about 10 pF and we agrec with him.

The last awful thing that we have to say
about this circuil is that the best voltage
you can hope to get from cither side of the
supply is half the battery voltage (assum-
ing you wanl an equal bipolar supply).
Assuming thal were 1alking about a nine-
volt battery (which is what we were orig-
inalty talking about) we e only looking at
plus and minus 4.5 volis for a new bat-
tery—most nine-volt batteries are lower
than that right out of the blister pack. That
4.5 volts is a bit low for mosi applications
and the batlery is going 10 stan dying al a
seemingly incredible rwc. In addition.
when a nine-volt battety setiles into mid-
dle age. it wsually puls out around 7 volis,
That translates into less than 4 volts on
either side of the supply. and there’s not a
wholi: lot you can do with such small
voliazes. All in all. the voliage divider
appraach to a bipolar supply leaves alot to
be desired.

Unless your application can tolerate all
the restrictions we've just discussed. a
much betler approach 10 the problem is to
us¢ an oscillator/chsrge-pump design.
That's the kind of circuit that was shown
in the first installment of the ~“Designer’s
Notebook. ™ Although that circwit is more
complex. the basic idca is rather simple
and the design is a lot morc versislile.
Becauuse there’s no convenient AC source
in a battery-powered Cireuit, the most di-

WWWW.americanradiohistorv.comm



www.americanradiohistory.com

rect approach is 10 manufacture one. That
is, put together an oscillator and then rec-
1ify the resulting AC to produce a negative
DC supply. The amount of current you get |
from 1he circuit depends on how much
current the oscillator can output. The de-
sign of the circuit downsmream of the AC |
is a direct clone of the transformer/rec- |
tifier that we re all familiar.

Dick Kaufman. Dale Nassar, David
Van Stone. Tom Lewis. and others all
used that approach. though their individu-
al circuits differed. Figure 2 is a block
diagram of 1he circuit we're talking about.
it's really as simple as it looks and your
design can be as simple or sophisticated
as you need. The oscillator can be what-
ever you want and the rectifier can be
either halkwave or full-wave—it doesn’t
really matter. It should be set to trap the
negative hal{ of the voltage swing from
the oscillator but, other than that, there’s
nothing new. Sce the circuit in the March,
1984 “Designers Notebook™ for the cir-
cuit details. The circuit’s output voltage
will be unregulaicd bur that can be han-
dled easily enough by hanging a regulator
at the outpul. Since there’s a voltage loss
when you do that, it might be a good idea
to use a voltage doubling rectifier.

JIN
s

Jeeizw SLIT-N-WRAP®

CONNECTIONS are RELIABLE

wrapping or any
connection in switches,
relays, sockets, 1.0,
jolnts, printed

circuits . . .

VERIFY

NOW WITH NEW
P210 MILLIOHM
PROBE.

Write for free
brochure:

Vector Electronic Co.
12460 Gisdstone Avenue
Syimar, CA 91342-:0336
Telephone (818) 3659661

Wrap 28 or 30
gage Insulated wire
four times faster
without stripping,
measuring or
threadingl Daisy-
chain continuous
gas-tight joints.
Each connection

is infout, lowering
profile so 7 turns
is equal to 14
standard wraps.
Patented.

105-84-1
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The filter shown in Fig. 2 can be as |
simple as a capacilor or as complex a
scheme as you want—again it depends on
what you nced. Remember that your os-
ciltater is producing a hig h-frequency sig-
nal. and that the high frequency can drive
some cireuitry around the band. If you
have any doubis. make sure that your filter
can take care of it. i

The last category we listed was wishful
thinking: rather than describing some of
the more ridiculous circuits. let'’s take a
lock at an idea that is at least theoretically
possible—it was certainly the most direct
solution that was sent in. Mr. D. L. Bray
suggested. more or less as a joke, that we
take a 9-voli batiery apant and solder a
ground connection to the center cell. To
save all of you a lot of trouble, let us tell
you that we tried it and it works! Now all
we need is some advice on how to put the (
battery back together again.

Belore we forget, our special thanks (o ‘

[

James Richey for sending us 8 working
model of a charge-pump type of circuit.
It's always nice to sce an idea on paper.
but it's much more satisfying to see it
actuatly wmed into hardware. R-E |

Ntintosh

STEREO CATALOG
and FM DIRECTORY

Get all the newest and lalest Informatlon on the new
Mcintosh Stere0 aquipment in the Mcinosh catalog. In
addition you will receive an FM station direclory that
covers all of North America.

Mcintosh Laboralory Inc.

NAME

TODAY!

ADDRESS
cITY

.
)
|
I
|
)
|
L

East Side Station P.O. Box 96
Binghamton, N.¥. 13904-0096

STATE_ ZIP _

If you ara in a hurry for your catalog please sand the coupon to Mcintosh.
Far non rush service send the Readsr Service Card 10 the magazine.
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DESIGNER’S NOTEBOOK

Extending the counting range of the 4017

ROBERT GROSSBLATT

THE 1017 [$ ONE OF THE MOST POPULAR OF
the CMOS MS| (Medium Scale /ntegra-
tion) counters. Becausc it sequences its
outputs one at a time, it’s ideally suited 10
serve as a frequency divider, pulse de-
layer, and so on. That IC even has a carry
outpul that allows you to cascade as many
4017's as desired.

There is an application, however. where
the use of the 4017 isn't quite as simple
and straightforward. We're 1alking about
connecting several of them together so
that they will all sequence their outputs
one IC after another. The eamy output
15n°t any good here because it goes high
for onc-half of the 1C’s full count and low
for the other half. That's great if you want
a squarewave w hose repetition rate is onc-
tenth of the input clock frequency. But it
doesn’t help at all if you need a simple
circuit that will take an input-clock signal
and tum on more than ten outputs in se-
guence. Doing that requires a bit of exter-
nal gating.

This month we will look at how you can
arrange three 4017's 1o sequence in tum
and provide up to twenty-five outputs with
aminimum of external gating, We will be
using a 4011 quad-NAND gate to achicve

OUTPUTS 1.9

QUTPUTS 10-17
A

the desired gating arrangement. The same
principle can be followed if you nced
more than twenty-five ouipuis; just add
more 4017's and a few more gales. Since
there are four NAND gates in the 4011, it
will accommodate twn more 4017's to
give you a total of 41 outputs. We're los-
ing five possible outputs for a vaniety of
reasons that will become clear shortly.

How It works

In Fag. 1, the clock inputs of all the
4017 s are tied together so that they can all
be triggered by a common clock pulse.
ard the same goes for the reset pins. The
key to making the circuit work is using the
gates o control the enabie pins (pin 13) so
that the three IC's can be made to count in
sequence. Since the enable pins are active
high. they have 1o be brought low. We'll
use the NAND gates to control the order
in which the 4017's arc enabled.

When power is first applied to the ¢ir-
cuit., capacitor C] generates a reset pulse
that forces all the 4017's to output a “0™" at
pin 3. One of the unfortunate featsres of
the 4617 is the lack of a convenient inhibit
pin that we could use to turn off all the
outputs. When the enable pin is brought

OUTPUTS 18-2%

F i

/ 3 ! ) Iy )
ITI TTTI NCT TT 1] ]T
afz ety holi|s e _I—|3|241w15]ss|:|3]24rwlrss |:
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-
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FIG. 1

\ high it only disables the clock input—it
doesn’t do anything to the outputs. That’s
why we need the exiernal galing and that’s
also the reason that we can only get 25
outputs from the circuit instead of 30.

When the counting first starts. pin 11 of
all the counters is brought low. Because
pin 11 of IC| is connected to its enable pin.
the [C is enabled and starts o count. That
same low signal is fed to one leg of NAND
gate 1C4-a at pin S o control the cnable
pin of 1C2. The other leg of the NAND
gate. pin 8. is connected v IC2 pin 1]
through 1C4-b, which is used as an inver-
tcr. Because IC2 was reset at the stant of
the counting process. its output at pin 1 is
also low. That low output is inveried by
IC4-b and the resulting high output is ap-
plied 10 1C3 wa disable it. The high output
from 1C4-b is alsc applied 10 1C4-a,
which in tum oulputs a high to the enable
pin of IC2 disabling it too. That means
that only 1C1 is enabled at the stant of the
Count.

When pin 11 of ICi goes high. it dis-
ables IC) and at the same time that high is
fed to pin § of [C4-a. Because both inputs
10 iC4-a are now high. it’s output goes low
and that in wm enables 1C2. When the
output at pin 1l of IC2 goes high, it's
inverted by 1C4-b and the resulting low
enables 1C3. The same low is applied to
IC4-a causing il to change states {go
high) thus disabling IC2. After nine more
clock pulses the output of IC3 at pin 11
goes high applying that signal to all of the
reset pins simultaneously, causing all the
4017's to reset to zero and start the whole
sequence all over again.

Essentially, what we're doing is using
pin L1 of each 4617 10 control the enable
pinof the next IC in line. When the output
at pin 11 of the last IC in the sequénce goes
high. & high is applied to the reser pins of
all the [C's causing them to be reset to the
beginning. The same principle can be
used to extend the sequence. Just remem-
ber that you can only use eight of the
4017's ten outputs—pin 3 is needed be-
cause there's no inhibit control and pin 11
controls the next 4017,

Let us know if you can figure out a way
o us¢ a simple gating arangement to
recover the use of some of 1he five lost
outputs in the circuit. After all, there's
always a better way to do something. R-E
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NEW PRODUCTS

continued from page 32

onds. automatically and acturately.

Dighally conirolied. the model dbx 10.20.
with it$ calbrated microphone and built-in
pink-noise generator, can automatically
voice” & room and store as well as recall the
equalization setngs. Iis real-time anatyzer
lunction, which also serves as @ sound-level
meter, provides intormation on the music en-
€/Qy In eaCh frequency band. A display of 275
LEDSs shows the lunctioning of the real-time
analyZer by providing an instantaneous read-
out of musical content in each frequency
band. It can also display any equalization
curve stored In memory

The modet dbx 10 20has a suggested retail
price of $1200.00.—dbx Incorporated, 71
Chapel Stree1, Newton, MA 02(95.

FREQUENCY COUNTER. model LOC-831,
has a 150-MHz range. a 4% digit green LED
display, and 15 battery operated. An optional
AC adapter s availabie that converts the por-
fable unr to bench use.

CIRCLE 105 ON FREE INFORMATION CARD

For hgh-frequency operations. the model
LDC-831 can provide up to 6% digits of reso-
lubion. The five most significant digits are dis-
played. using the 0.01-second gate time. By
then $witching 1o the 1-$econd gate. all four
digrts to the ngh of the decimal poni are
displayed. The combination of o readings
yields 6% digis of resolution. The basic ac-
curacy of ihe LDC-831 15 = 10 ppm, and nt
carries a twao-yolir warranly. It salls lor
£210.00.—Leader Instruments Corpora-
tion, 380 Oser Avenu®, Hauppauge, NY
11788,

AC CALIBRATCR, model 4200, is a sohd-
state high-output instrument featuring pertor-
mance 10 40 ppm on a 6%-digit scale. with

i — L
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culput ranges from 1 nangvolt to 1000 voits ait
trom & single self-conlained and transpona-
bie package. An oplional AC currentt calibra-
tor is available. h is designed as a pnme
source for any standards or calibration labo-

THE
RIGHT
STUFFE

The growth of NTE quality replacement paris has
been nothing short ol astronomical. And the proof
is in our new 1984 Replacemenl Master Guede,
destined to be the standard directory ior lechnicians
across the country. fn excess of 3.000 quality NTE
types are cross-referenced o more than 220.000
industry part numbers -

YOU'LL FIND ALL THE RIGHT STUFF FOR
REPLACEMENT, MAINTENANCE AND REPAIR:
* Transistors « Memory IC's
» Thynistors * Thermal Cut-Dits
« Integrated Circuits « Bridge Rectifiers
+ Rectiliers and + Unijunctions
Dfodes « 8F Transistors
« High Voltage « Microwave Oven
Muttiptiers and Rectifiess
Dividers » Selenium Rectiliers
+ Optoelecironic * NEW! The Protector
Dewices 6G00™ Transient
= Zeners Yoltage Protection
* Microprocassors Strip
and Support Chlps |

Look for ousr Replacement semiconduclors in the
bright green potybags and cartons tha irst fating
limits. device type, diagrams and compelitive
reptacement nghi on the package. NTE quality
parts are available from your iocal NTE distributor
and come backed by out exclusive two-year
warranty. Ask for your FREE NTE Replacement
Master Guide and take off with NTEI

NEW -TONE ELECTRONICS. INC,

44 FARRAND STREET - BLOOMFIELD, NEW JERSEY 07003
(FORMERLY TCG)
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ratory,

Alihough based on true RMS principles,
distortion figures of only (0 04% enable the
model 4200 10 calibrate the many mean-
sensing InStruments still i use. For higher
accuracy thal may be required in specialisi
apphcabons, "spot” calibration is oplionally
available on any five selected and perma-
nently siored Irequencis,

The model 4200 is priced at $17,995. —
Datron Instruments Incorporaled, 3401
S.W. 42nd Ave.. Stuar, FL 33497

CIRCUIT/COMPONENT COOQOLANT. Freez-
#, makes thermal-intermittent troubleshoot-
ing ol oncunl boards and ekCironics compo-
nents easy. Apphed as an aerosol spray.
Free2-it will iIreeze to - 65°F instantly. Cop-

per circuitry wall tros1 and lurn white, exposing
hairline cracks in PC boards. Rapd chilling of
suspecled components allows Individual
components 1o be isolated kor testing. Delec-
tive resisiors, transistors, capacitors, and
other componenl parts can be identitied
quickly and easily

CIRCLE 107 ON FREE INFORMATION CARD

The coolanl can also be used o prevent
transiormer burnoul. If a transformar starts 1o
smoke, spraying It will keep wax, Wmish, and
shellac from Tunning and causing short cir-
cuits. It will aiso free adhesves lor quick re-
moval.

Freez-it 15 avallable In two sizes: 15 oz.,
priced at $2.95: 22 oz.. priced at $4,50—
Chemironics, Inc., 681 Old Willets Path,
Hauppauge, NY 11788,

POWER SUPPLY. model PS-101, 1s tnple-
requlated and is designed for the hobbyist.
student. and \ab technician. It fealures three
completely independent supplies. Those

CIACLE 108 ON FREE INFORMATION CARD

power supplies can be eithef positive or
negative; they can be stacked N series 5o thal
a 5-volt and two 15-volit supples can fotal 35-
volis DC, or any combination of the three,
resufting in a jully adjustable (- 1o 35-voit DC
power supply
The model PS-101 has a suggested retail
price ol $119.00.—E.W. Engineering, Inc.,
PO Box 624, Old Lyme, CT 06371.
contieed on page 46
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CALL NOW |
AND

RESERVE
YOUR SPACE

* & X rate $605 per gach insartion.

* Reaches 235.323 readers.

* Fast reader servce cycle,

* Short Iead ime lor the placement of
ads.

* We typeset and layout the ad at no
addnonal charge.

Call 212-777-6400 to reserve Space.
Ask for Arline Fishman. Limited num-
ber of pages available. Mail maierials
to: mint=ADS, RADIO-ELECTRONICS,
200 Park Ave. South. New York, NY
10003.

CA28 LUNIVERSAL CRT ADAPTER—NoOw
you can use your CAT Tester Restorer/Re-
Juvenaior on atl 2500 Color CRT Types. No
need 1o buy a new tester' Use Ihe functions of
your present tester on any Color CRT listed
Irom 9° 10 267, including foreign types.
Checks: Quintrax. InLing, Tonitrons, Tn-Po- |
tential. Pinless, Japanese & European. Re-
places over 50 Adaplers & guaranteed for all
Makes/Modeis of CRT Testers. Instruchona &
Obsolescence prool perpatual Set-up Man-
val included. Check/Money Order/Visa/Mas-
tercard/COD. §61.95 + $2.00 P&H. To order
call 1-800-321-9658, {(OK 918 68 2 4286}
DANDY MFG. COMPANY, 1313 N. MAIN ST,
MUSKOGEE. OK 74401,
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@

Bning in those hard to get channels with these
low prced amateur microwave T.V. recervers.
New wide band muth channel reception in the
2,1-2.9 GHZ range, 100% legal for ITFS chan-
nels. We stock all types. Complete systems
from $43.95 in quantity. Every item lully guar-
anteed. Free shipping, Phone or mail order
only. C O Ds accepied. H.M.R. Sales, 221
East Camelback, Sulte 1, Phoenix, Arizona
85012, Phone 602-993-0398.
CIRCLE 28 ON FREE INFORMATION CARD

PEDIA. Onginally pnnled in 1918 this 176-
page repnnt ol the complete catalog gives
you an accurate ook at the state ol electron-
ics m 1918. Contains everything trom a Zinc
Spark Gap to a 1000-Mile Recemning Curfi.
You can get your own ¢opy of 1his modem
anlique, profusely llusirated, for onty $4,95
plus $1.00 P&H. Order yours from R-E
BOOKSTORE, Radio-Elecironics, 200

Park Avenue, South, New York, NY 10003,

MODERN ELECTRICS. Minialure souvenir
of the first publicabon ever produced by Gemns-
back Publications This issue appeared in
April 1308—ust 75 years ago. You can own
your own reprint of this urique firsi edition for
just $2.50 plus 75¢ P&H. It's available irom
R-E BOOKSTORE, Radlo-Electronics, 200
Park Avenue South, New York, NY 10003

11

MINIATURE %W 5% CARBON FILM RE-
SISTORS offer supefior gverall performance
characlenstics compared to carbon composi- |
tion resisiors - at significant cost savings! EIA |
color coding. 1 ohen hry 10 megohm. $3,75
per hundred per value. Mastercard, Visa,
American Express, accepled. Piease add |
$2.00 tor shipping. Caltormia residents add
6% Sales Tax. No C.0.D. ACORN INDUS-
TRIAL ELECTRONICS P.O. Box 108486,
SANTA aNA Ca. 92711. 1300-D E. Edinger
Ave., Santa Ana, Ca. 92705, (714)
547-8424.
CIRCLE 46 ON FREE INFORMATION CARD
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FREE CATALOG OF HARD-TO-FIND

TOOLS 15 packed wih mora than 2000 qual-
| ty items. Your single source for precision
tocls used by electronic techmicians, engine-
ers, instrument mechanics, schools, labora-
fones and government 8gencws. Also con-
tains Jensen's line of more than 40 tool kits.
Send for your-iree copy today! JENSEN
TOOLS INC., 7815 46th St., Phoenlx, AZ

85040. {602} 968-6231.
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ViDEQ

SChAmBUNG

JICHNIQUES

SUBSCRIPTION TV MANUAL. This infor- |
mation packed bock details ihe methods
used by subscription TV companies o
scramble and descramble video signals.
Covers the Sinewave, Gated Pulse. SSAVI
system. and the meihods used by most cable

ory, and trouble shoofing hinis. Only $12,95
plus $1.50 firs1 class P&H. Info $2.00, refun-
dabie. RANDOM ACCESS. Box 41770-R,
Phoenlx, AZ B5080.
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AMAZING AVOIDER™, the intelligen! robot
you build yourself. Infra-red Sensors Detect
obstacles In its path. The Avosder measures
4% x 4%° % 5" and walks and turns thanks
to electronic controls. Complete kit of quality-
made precision parts with easy-to-follow in-
structions $59.95. ldeal starter kil for intel-
ligen! mactune enthusiasis. Check, money
order. (Include $2.50 bandling charge.) 3-4
weeks for delivery. 5.M. Robolics, 759 Boyl-
slon Sl., Chestnut Hill, MA 02167.

‘ compames. Includes circull schematics. the-
1
|
|

APPLIANCE REPAIR HANDBOOKS—13
volumes by service experls; easy-to-
understand diagrams, illustratons. For major
apphances {arr condiioners, refrigerators,

washers, dryers, microwaves. elc), elec. |

housewares, personal-care appliances,
Basics of solid state, setting up shop, tesi
Instruments. $2.65 to $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Box

| 789, Lombard, IL 60148, 1-(312) 932-9550.
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FREE 1984 ELECTRONIC TOOL & IN-
STRUMENT CATALOG Is packed with over
5,000 qualty technical produ¢ts for assem-
biing, tésting and repairing electronic equlp-
ment. All products fully illusirated with
photographs, detailed descriptions and pnc-
ng to allow for easy ordenng by phone or
mail. Most orders are shipped within 24
hours. 100% satisfaction guarantee. CON-
TACT EAST, 7 Cypress Drive, Burlington,
MA 01803. {617)272-5051.
CIRCLE 50 ON FREE INFORMATION CARD

FREE ELECTRONICS TOOL CATALOG.
104 pages packed with customized ool sels
for plant and field maintenance, test equip-
ment, soldering siations, plus specialized
tools for IC & PCB assembly and telecom-
munications work Loaded wilh great values
on over 100 respected name brangs, Includes
ordering procedures for Tool Sets
CUSTOMIZED to meet individual require-
ments in any quantity. W.5. JENKS & SON,
2024 West Virginia Avenue N.E.. Wash-
inglon, D.C. 20002, 1-800-638-6405,

L CIRCLE 57 ON FREE INFOAMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

* § x rate $605 per each insertion.

* Reaches 235323 readers

* Fasl reader service cycle.

* Short kead ume for the placement qf
ads.

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

Call 212-777-6400 t0 reserve space.
Ask fgr Arline Fishman. Limited num-
ber of pages available. Mat materials
to: mini-ADS. RADIO-ELECTRONICS.
200 Park Ave. South. New York. NY
10003.
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The
Professionals' P I S
Choice

“PTS rebuilt modules
are better than brand

I use PTS modules and 1uners because of thelr
awmomatic wpdates. Compared to Ofiginal
manubacturers” new and sebuili parts, PTS s
better. Quality arwd tumaround makes the
difference PTS docs & betier job of rebuilding
‘cause that's all they do.”
Try PTS rehnih modules and tuners for:
» Fam 8 hour rebuilding service
- Full year imited warranty
+ One stop shopping for all makes/
all nwadels
» Availability ar over 1500 authonzed
stocking distributors
» Qualiey rebuilts that
meet of exceed ofig:
gl manufacturers’

1 Th

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

PTS CORPCRATICN
P.C. Box 272
Bloomington, IN 47402
{812) 824-9331
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,'\'(\g*’ heavy snows,
being far from

j | home, and having the
& USO TO HELP!

Like the mallman, no matter what the weather USO goes on. Orienta-
tion tours of new communities, classes, helpful information and more
are available come raln or shine. And the famous USO Shows have
been known to perform in sleet and hail. Why? "Because life's
toughest battles aren’t always fought in the field.”

Support USO through the United Way, OCFC, or local USO campalgn
[o)ré.eggoaalax-deductible contribution to USO, Box 1982, Washington,
.C. 13.
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PORTABLE OSCILLOSCCPES, modal
22134 and model 22154 are upgraded ver-
stons ol the 60-MHzZ bandwidth oscitlo-
scopes. models 2213 and 2215. They ofier
bnghter displays, greater accuracy, and more
sensitive thggering.

CIRCLE 109 ON FREE INFORMATION CARD

The naw "A” versions retlect a composite of
suggestions Irom customers owning the ear-
lier versions. They incorporate such features
as a 10-MHz bandwidth-limit switch, a single-
sweep mode and power-on light. and sepa-
rale A/B dual intensily conirols.

The model 22134 weighs 12.8 pounds and
Is priced at $1200.00; the model 22154
waighs 13.5 pounds and costs $1450,—
Tektranix, Inc., PO Box 500, Beaverton, OR
97077.

TEMPERATURE INDICATORS ofler precise,
positive, visual proof that a specific tempera-
ture has been exceeded, particularly in inac-
cessible, hazardous areas. When applied to
any piece ol equipment, the one-shot, irmever-
stble indicators record and document operat:
Ingtemperatures: The sensitive white triangle
tums imaversibly black when the surface tem-
peratura reaches the particuiar tiangle’s tem-
peralure level.

CIRCLE 110 ON FH

Thay are available in three configurations:
CaisiStnp 5 or 8 multiple-sequenced tem-
perature increments, pnnted in C* and F;
CeisiDot labels, single temperature dots In 40
difterent temperatura ievels, prnnted in C* and
F*, and CeisPoint 1abels. single lemperature
dots in 40 vanous @mperature jevels irom
40°C to 260°C (105°F to SO0*F).

Tha labels are sell-adhesive and adhere to
any dry surface. Thay measure 0.3 mm thick.

The temperature indicalors am avalable in
booklets, sach with identical rated 1abels, and
can cost less than 10 cenis each in large
quantilies. —Solder Absorbing Technol-
ogy, a Spwig Company, South End Bndge
Circle, Agawam, MA 01001, R-E
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PHILIP M. VAN PRAAG

THE GROWING NUMBER OF STATE AND
federal auto-emission requirements has
added yet another burden on just about
every motorist. Not only do you have to
worry about monthly payments, insur
ance, and suficient maintenance to keep
your car running down the road, now you
also have o worry aboit the next emis-
sions test. Will your car pass, or
will you have to go through the
time and often censiderable ex-
pense 1o have it “tuned up™ and
then retested?

Worse yel. even if you are a do-it-
yourselfer with an “army™ of tools.
uming lights, and dwell meters, you
are still at a disadvantage with regard
to emissions tuning. Those ilems alone
are not enough to do the job, and doing
what we did in the ~good old days"™
that is, simply replacing the plugs and
points, setting timing and dwell, and then
“tweeking™ the carburetor until the en-
gine runs smoothly and performs well—
just won't cut it anymaore.

Indeed., often the best low-emission set-
tings for your car will be quite different
from those settings that provide the best
performance. There is simply no way o
optimize those adjustments for, nor ade-
quately predict the results of, an emission
test with common service equipment.
That’s why you need the digital exhaust-
gas analyzet that will be described in this
article.

That device is a small, easy-to-use di-
agnostic aid. 1n a genera! sense, it moni-
tors combustion efficiency of the engine
system. That is vitally impornant as com-
bustion cfficiency directly affects ex-
haust-gas content. More efficient com-
bustion means more complete burning of

BUIEDEGEIS:

AUTOMOTIVE
EXHAUST

ANALYZER

Build this useful automotive test instrument and stop
guessing about your cars emissions.

the gasoline. That translates to smaller
amounts of hydrocarbons and ¢arbon
monoxide (CO) in the exhaust. Hydrocar-
bons and CO are the ~polluters™ typically
monitored by
govemn-

ment test facilities.
{More zbout the relation-
ship between combustion and
exhaust makeup later.) Specifical-
ly. the unit displays CO in concentrations
of less than 1% to about 10% . and air/fucl
(A/F) ratios from 14.5 down to about 11.0.

The project consists of three parts: an

WwWwWw americanradiohistorv comm

exhaust-gas probe. whieh is inserted into
the awio failpipe; a “conversion box™.
which transforms part of the exhaust into a
proportional electrical signal; and a dis-
play unit. which amplifies and digitizes
the signal for easy viewing. The unit can
be used either while the car is stationary,
allowing You 10 make adjustments, or
while it is in mation. allowing you to
verify those adjustments under dynamic
operating conditions.

To simplify the circuitry. a commer:
cially-available clock/timer module is
used for the display. It comains an LCD
readout, providing easy viewing under al-
most any lighting conditions. The od-
ule’s crystal-controlled timing is also used
by 1he project’s A/D converter 1O ensure 2
stable timebase throughout the system.
An interesting side-benefit to using the
clock moduie is that the unit can be used
as an ordinary clock or stopwatch when
not being used to measure exhaust gas.

The unit also contains low-voltage
sensing circuitry to prevent faulty read-
ings due to inadcquate battery voltage.

Theory ol operation

Figure 1 is a block diagram of the pri-
mary circuit functions. Exhaust-gas con-

. version takes place in a thermal-

conductivity cell (TCC). The TCC
produces an clectrical signal that

varies with the difference in
temperature between a “iest”
temperature sensor exposed
to exhaust gas and a ““con-
trol * sensor exposed only
to ambient changes that
affect both sensors. The
sensors are self-heated

identically, so that they
will be at the same
temperature when no

exhaust gas is pres-

ent.
When exhaust
gas enters the
test-sensor
area, the
ther-


www.americanradiohistory.com

& RAD!O-ELECTRONICS

.

+5v
{ TIMER
’—% BALANLE - )
| f'uuc?'lo'n_"
LO‘ L
EXHAUST ] THERMAL : ‘L,. o ano § L | siGNaL
GAS FapoualTY AP 1 converten [ TfOELAY CONDITION -
e TIMER
INVERT/LEVEL SET | MOOULE
SIGHAL
4 o CONOITION sscuc
MPARA MODE
S FREQUENCY | 3¥ %O o—
BATTERY VOLTAGE DOUBLER

FIG. 1—ALL CRITICAL elrcuit funclions are shown in (his block diagram of the exhaust-gas analyzer.

mazl conductivity of the air changes. That
affects heat dissipation away from th sen-
sor. thus altering the 1esl-sensor lempera-
ture. Changes in seénsor lemperalure
cause its resistance to change. In this ap-
plication. sensor temperature never
changes more than a few degrees cen-
tigrade. but that is sufficient. [t produces
cnough resistance change to unbalance
the TCC. Because of the nagrow operal-
ing-lemperatune range. sensor resistance
changes lincarly with changes in tempera-
ture.

Al first glance. the difference between
thermal conductivity and temperature
measuremnent may nol seem clear. They
both involve clectrical-output changes in
response to sensor-temperature changes.
In a common “thermometer.” the ¢hange
in temperature is due t0 an ambient-air
temperature change. In the TCC.
however, the temperature change is due 10
an ambient-air thermal-conductiviry
change. That is. the ability of heat 10 dis-
sipaic away from the sensor is a function
of heat conductivity through the gas mix-
ture. By the time the exhaust gas gets to
the test sensor. it has essentially cooled
down to ambient temperature. Thus, it is
not the wemperature of the gas that affects
the sensor. bul rather the thermal con-
ductivity of the gas.

Therma! conductivity of exhaust gas
differs from that of air. The exhaust con-
sists of water vapor, carbon dioxide. hy-
drocarbons in various gascous slates, and
CO. The exact proportions of the different
hydrocarbon gases and CO, and their pre-
cise relationship to the thermal con-
ductivity of the mixture, is very complex.
beyond the scope of absolute measure-
ment for this unit. Fortunately, there are
predictable relationships over the tem-
perature ranges of the exhaust gas com-
monly emitied from a 4<Cycle imternal-
combustion, gasoline-drive engine: those
can be used to help us in performing auto-
emission adjustments. Over those ranges,
reasonable accuracy and (more impor-
rant) repeatability can be achieved.

The unit's CO and A/F functions bear
an inverse display-relationship to each
other. Thus. as the TCC outpul signal is
amplified. an invened version is also
made available. The CO and A/F display
ranges differ for those functions. so dif-
ferent amplifier cutput-voltage ranges and
levels are also provided.

A digital display was chosen because it
is easier to read than an analog mcter. That
i particularly important if the unil is used
while driving. Conversion of the analog
sensor-signal to digital form is performed
by an A'D converter whose operation is
shown in Fig. 2. Clock pulses from the
timer module are counted. and the results
of that coum are used by an adder o
generate a ramp. Comparator | is then
used to compare that ramp with the analog
sensor-signal. The output of the compara-
tor is a pulse. The duration of the pulse is
detcrmined by the amplitude of the sensor
signal: that is. the comparator’s outpul is
high as long as the ramp amplitude is
greater than the sensor amplitude.

When the ramp amplitude dips below
the sensor.amplitude. the comparator’s
output goes low. The duration of the ramp

VARIABLE PULSE WiDTH
(DIGITAL} OUTPUT

0.2v
TCCIN REF

PEOMPARATOR 2
g L>L
Z;L-HATOR 1

MSB

CLK
1N
O——COUNTER

[B:3:)

1.25V REF

FIG. 2—HOW THE AD CONVERTER works, Hote
that for simpliclty, only 3 of the 7 resisiors st the
counter's outputa are Shown.
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{2 seconds). and hence the tesi-cycle
length. is delermined by the nature of the
counter {divide by 128) and the ¢lock fre-
quency {64 Hz).

The cutpul signal is used as a gate to
allow a centain number of timer pulses to
be counted by the timer moduie for each
test cycle. Thal output is used to resel the
timer from the previous count and define
the start and stop of the current count.

The remaining task of counting and dis-
playing the pulses is accomplished by the
clock-timer module. Figure 3 shows the
basic timer-module operation. The mod-
ule is operated in its stopwaich mode, and
has a resolution of 10 ms. That means that
the display advances by one count every
10 ms. A serics of internal counters divide
a crystal-controlled 32-kHz oscillator sig-
nal down 1o the desired count rate. The
stopwatch sTarT/sTOP and RESET switch-
es are operaled electtically when power is
applied.

The unit uses the three least-significant
digits of the display. with an implied deci-
ma! point between the two rightmost dig-
its. Thus. a display of 00040 in the CO
mode would be areading of 4.0%, while a
00131 display in the A/F mode would be a
reading of 13.1. Note that CO content is
expressed as a percentage. while the A/F
{air/fuel ratio) is expressed, nawrally
enough, as a ralio.

Clrcuit description

Figure 4 is a schematic diagram of the
gas-analyzer circuit. The test and control
sensors are precision-matChed thermistor
glass beads. Those beads are extremely
tiny. about .0l4-inch in diameter. The
small mass of the glass bead gives the unit
a fast response time. The beads are pre-
mounted in fixtures. as they would be
impossible to handle otherwise. (The
bead leads are only .00l-inch in diame-
ter') The fixtures and their housings com-
prise the TCC within the conversion box.
A fourconductor cable routes the sensor
signals and ground between the box and
the display unit.
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FIG. 3—THE TASK OF COUNTING and displaying ihe resull ta handied by m clock/timer module. The

basic operation of thal module I8 {llusirated here.

tions of [C5. a dual op-amp. are used to
amplify the TCC outputs. and inject a
fixed bias between them to provide a prop-
er operating point for the next stage.

One section of an LM324 quad op-
amp. 1C3-a. is used 0 amplify the TCC
outputs. and convert them to a single-
ended signal. Another section. 1C3-c in-
verts that signal and provides level trans.
tation for the A/F mode. Resistor R24 is a
trimmer ysed 10 calibrate for the desired
A/F ambient operating point. Final ampli-
fication is provided by IC3-b; that device
also provides the CO operaling-point cal-
ibration. The fourth section of 1C3, IC3-
d. functions as a woltage comparator.
sensing the batiery input-voltage 10 reg-
ulaior IC1. H the voliage drops below 7.2,
Ihe pin 7 output goes to ground. which
loads down the output of 1C3-b. causing
the device to siop update testing. Then it's
time to replace the battery.

Transistor Q1. and [C6 and its associ-
ated circuilry. prepare c¢lock pulses for the
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FIG. 4—AN AUTOMOTIVE EXHAUST-GAS ANALYZER. The ir¢uitry enclosed by tha dashed box In the
lower left-hand corner i8 10cated on the TCC PC-board, which Is mounted in the conversion box. All
remaining clreuitry is housed within 1he display-unit cabinet. Note that many of the resistors have

telerances of 1% {See Parta List),

All other circuitry is housed in the dis-
play unit. Transistors Q4 and Q5 translate
BaLANCE control (R31) changes into the

very subtle bridge adjustments nceded o
“balance™ 1he currents (o the test sensors
under ambient conditions. The 1wo sec-

WwWww americanradiohistory comm

AJ/D converter (1C4) using 2 32-Hz inter-
mediate-countdown Signal obtained from
the timer module. Transistor QI shifts the
timer voltage-levels. while 1C6 functions
as a frequency doubler Lo provide the 64-
Hz signal needed by the A/D converter to
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detine the two-second test interval.

Resisiors R9 and RIO determine the
final ambient voliage-level for the AF
mode. while Rl dciermines the final am-
bient voltage-level for the CO mode.
Those volluge levels define particular A/D
pulse durations. which. in wrn. define
particular display readouts.

The A/D output is conditioned so that it
can be used to control the clock module
by 1C2 and the Q2-QJ circuit. One sec-
tion of the IC. IC2-d. along with CI0 and
R16 arc used todiffercntiate and invert the
A/D autput’s lcading edge to form the S3
reset pulse. Another section of the device.
IC2-a. delays the A D oulput from reach-
ing the stop/stan circuitry until the reset
pulse has been applied to the limer mod-
ule. The IC2-b-1C2-¢ circuil is a ~"double
differentiator that provides sheet inigger
pulses on the delayed leading and trailing
edges of the A/D output signal. Those
pulses are used to start and stop the limer.
By presenting a very high impedance to
the timer when the unit is swiiched off.
Q2-Cl1 and Q3-CI12 allow the timer
module to be used as an ordinary clock or
siopwaich when ihe unit is not being
being used for exhaust analysis.

Display cabinet and timer module

Caution: Before proceeding with any
modificalion 10 the clock-timer module,
be certamn that it is funclioning correctly
in all modes of operation. Once it has
been modified the manufacturer witl not
honor warranty claims.

Figure 5 shows display-cabinet prepa-
ration details for the cabinet available
from the sowree mentioned in the parts
list. {IT you purchase the complete kit. the
cabinct will already have been completely
prepared. } The cutout for the LCD display
can be done by first drilling a number of
holes within the cutout border. then care-
fully filing to evemually producc u ¢lean
rectangular hole. The bottom of what was
intended to be a battery compartment
must be cut out to provide a mounting
fixture for the clock/timer module. The
detail lor that is shown in Figure 5-c.

Figure 6 shows how the timer is modi-
fied and mounted in the clock/timer-mod-
ule cabinet. Figure 6-a shows the ridges
on the sides of the timer thal must be filed
off 1o allow il 1o slip-fit into the flanges
that are formed when the batiery compan-
mett is modified. You will also need to
file off a portion of the timer’s case rear o
allow a 9-volt battery (o be inserted into
the batiery compartment: remove a FHie-
inch section to a depth of Y-inch as
shown. Doing thal will disable the Si and
83 switches on the timer module. but
their funclions are replaced by the ana-
Ivzer's swilches. Figure 6-b shows the
final aligminent of the timer in the display
cabinet. A tiny amount of contact cement
can be used to secure the timer to the
cabinet. but it may not be necded if the

i =
il o3y :msnlx__| -
b
s/
¢

NOTE: ALL MEASUREMENTS
IN INCHES

FIG. 5—IF THE CABINET avallable from the
source glven In the Parts Lisl s ysed. i1 {8 drilled
and modified as shown above.

63;@%’] = NIOGES
=
RIDGES <

FRONT

TIMER TOP EDGE
ALIGMEQ WITH %
BATTERY COM- 1‘1
PARTMENT TOP
FLANGE

change the tircr battery, although if the
boltom baltery retaining-Clamp screw is
left a little loose it is possible to change
the battery through the baitery-compan-
menl access lid,

Four wires have to be added tothe tlimer
module to inlerface it with the rest of the
circuitry. Figure 7-a shows where three of
those wires are attached: shown there is
the side of limer's PC board that's seen
when the timer's back cover is removed.
The fourth wite is attuched to the other
side of that board as shown in Fig. 7-b. To
gain access 10 Ihe timer-circuil board, pry
off the back cover. then very carefully
remoe the four small chrome Phillips-
head screws (hat hold the mechanism in
ptace. Note the locations of the screws as
well as the orientalion of the battery re-
taining clamp. You should now be able o
lift the molded black plastic lid away from
the circuit board, Carefully solder three
fine (30-gauge) wires in plice. using very
little solder and trying 1o keep the wires
and solder close to the edge of the PC
board.

Next. very carefully lift out the spring-
steel switch sirip using a pair of needle-
nosed pliers: note the position of the

NOTE: ALL MEASUREMENTS
N INCHES

FIG. 6—A POPULAR WATCH/TIMER Is used In this project That timer's case must be medified ns
shown In @ 30 that bolh il and 8 9-voil battery will lit In the display unit cabinel. How the timer (s

maunted in the cabinet I8 shown in b

side ridges are carefully filed just to the
point of allowing a light press fit in the
cabine:. In any event. provision must be
made (o allow the module to be removed,
as must be done to insert or remove the PC
board. Removal may also be needed o

WwWww americanradiohistorv comm

strip—it is over two small red-plastic
studs. Then. remove the circuil board by
gently lifting from beneath at various
points along the edge of the board. When
the PC board is removed. the LCD display
will probably stick 1o it. If it does, care-
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All resistors 1%, Yi-walt uniess other-
wise noted

R1—100,000 ohms, 5%

R2, R12—4700 ohms. 5%

R3, R4, R13—R16—10,000 chms. 5%

RS, R&, RB, R22—4B870 ohms

R7—8450 ohms

R9—47,500 ohms

R10-—4640 ohms

R11, R23—30,900 ohms

R17. R18~=20.500 ochms

R19, R20—100.000 ohms

R21—46.400 ohms

R24—50.000 ohms, miniature poientiom-
eter, linear laper, vertical PC-board
mount

R25—4530 chms

R26—10,000 ohms, rmwniature potentiom-
eter, linear taper, vertical PC-board
mount

R27—14,300 ohms

R28—6810 chms

R29—11.800 ohms

R31—1000 ohms, miniature potentiome-
ter, linear 1ap®r, panel mouni, with
SPST switch {S4)

R32—300 ohms, minialure polenticme-
ter, linear laper, vertical PC-board
mount

R33—221 ohms

R34, R35—105 ohms

R36, R37—22.100 ohms

R38, R40—226,000 ochms

R39—152.000 ohms

R41—143.000 ghms

fully separate it from the board. noting its
orieniation and setting it back into the
case exactly as it was before the board was

A LOOK INSIDE the exhaust-gas analyzer. The completed display unil and conversion boX are ahown
hare wilth their cases open.

PARTS LIST

R42, R43—210.000 ohms

Capacilors

C1-C5, C7-C9, C13—0.1uF, ceramic
disc

C&. C11, C12—100 pF, caramic disc

C10—.001 R, mylar

C14— .05 pF. ceramic disc

Semiconductors

IC1—LM340T-5 or 78MO5 + 5 volt regula-
tar

IC2, iC6—74C00 CMOS guad NAND

ate

tcg—-LM324 guad operationai amplifier

IC4—TLS07C AD converter

IC5—ICL7621DCPA dual operational am-
plifier

OMN-G5—2N3904 NPN silcon transistors

D1—1N914 or 1N4148 general purpose
diode

SR1, SR2—G126 peecision maliched ther-
mistor paw (Fenwal Electronics, 63
Fountan St, Framingham, MA 01701)

TM1—tmer module, model U01 sport
slopwaich {Armitron Corporation, 29-10
Thompson Ave, Long Isiand City, NY
1101}

$1,53—SPST momenlary normally open
pushbutton {C & K 8631 or equivaient}

$2—4PDT rotary, panel mount

§4—SPST potentiometer swilch, part of
A3

B1—9-voit battery

removed, (That is important because there
is usually no pin identifications on those
displays.} Using a jeweler's screwdriver,

WWWwW americanradiohistory comm

Misceilaneous: PC boards, display and
conversion-box cabinets, IC sockets, 9-
volt battery termenal clip. modular teie-
phone extension cord, 25 leet, with plug
and receptacle {MCM TAB25 or equiv-
alent), vinyl lhin-wall tubing (M-nch LD,
Yanch O.D.. 48-inch (ength), copper tub-
ing {%-inch O.D., Yarinch wall thickness,
14-Inch length), spray boltie caps (see
text). alligator clip, cable stran-rehel {Ye-
incth mounting hoie), silkcons glue, Velcro
strip (1% inches wide by 3 inches long),
double-sided carpet tape, 30 gauge wire,
B-conductor ribbon cable, knobs, hard-
ware, elc.

The lollowing are available from PYP
Induslries, P.O. Box 35667, Tucson, AZ
B5740: Etched and drilled epoxy-glass
PC boards tor display cabinet and con-
version box for $14.95; SR1, SR2 sen-
sor pair for $22.95; PC board sel. both
cabinets {not drilled), timer module,
lront panel decal tor display cabinet,
and modular extenaion cord for
$49.95; complete kit of all parts {except
glue and battery), including pre-dritied
cabinets for $98,95; completely as-
sembled, calibraled, and tested unit for
§129.95. The above prices are postpaid
in the continentai U.S. Arizona resi-
dents add 5% sales tax. Readers of Ra-
dic-Electronics are Invited to send a
SASE to \he above address 10 recelve
Iree updates on this project, along with
user tips as they become available.

very careflully scrape the green lacquer
coaling off the PC pattern at the point
continied on page 56
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Now A 16-Bit
Microcomputer
Designed To
Expand Your
Knowledge.
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Here’s How You Can Learn 16-Bit Technology.
And Graduate To One Of Today’s Most Powerful
And Advanced Microcomputers.

Now you can master 16-bit technology with an all-new
Advanced Microprocessor course. And build hands-on
experience with the only 16-bit microcomputer specifi-
cally designed for the hobbyist, working engineer and
student.

Advanced Microprocessor Course
This all-new seli-study course {(EE-8088) provides in-
depth coverage of 16-bit, state-of-the-an technology.

You will gain a thorough understanding ot micro-

processors from this 1200 page course. In 10 easy-to-
understand units, starting with
microcomputer basics, you'll
cover all phases of 16-bit micro-
processing. Assembly language.
Program writing. Addressing
modes. Dynamic and static RAM.
And hardware interfacing.

And by using your 16-bit Train-
er/Learmng Computer for hands-on
experiments {over 60 included), you'll
gain actual circunt interface and soft-
ware programming experience with an
8088 microprocessor sysiem.

Trainer/Learning Computer

A unigue combination of design features makes this
versatile micropro¢essor system much more than a

“teaching machine” Use it as a trainer with the Ad-
vanced Microprocessor course. Use it as an experimen-
tal design computer. And use it to run a wide variety of
16-bit software —including

2-Dos. Multiplan, 2-Basic,

Condor File Manager,

and much more.

In its most
basic form,
the Trainer

Learning

Computer

1s a 16-bit,

cassette-based microcomputer.

Its urnique design tealures access ports

and solderless breadboards lo allow you to build inter-
faces, design and modify circuits, or simply experiment
with the inner workings of the microprocessor system.

The basic system has an 8088 processor, 32K ROM {in-
cluding assembier, editor and debugger) and 16K RAM.

A subsidiary of Zenlth Radio Corporation

The unit also features a serial i/0 printer port, cassette
interface and a detached 95-key keyboard (including 16
tunction keys and a numeric keypad) which generates a
tull ASCII character set. It's available either in kit torm or
factory assembled.

And you can take advantage of the system's H/2-100
computer design hentage by easily upgrading it to a
disk-based, 16-bil microcomputer that will run H/Z-100
senes soltware

and many other

forthcoming

programs.

Fully

Upgradeable

The powertul

upgrade pack-

age and vanety

of accessories

allow you to

make the basic

16-bit system

more power-

ful and ver-

satile. You

can add 128K

or 192K bytes

of RAM. Floppy disk controller. 48TP| doubie-sided,

double-density. single or dual floppy disk drive. Bit-

mapped video graphics or full-color graphics. Two

RS-232 ports. Programmabie timer. And a Centronics-
compatble printer port.

Learn on it. Design with it.
Use it as a 16-bit computer.

It's the only 16-bit microprocessor sysiem specifically
designed to integrate theory with a hands-on under-
standing of how 16-bit computers work. And it's from
Heathkit/2enith Educational Systems, the world-leader
in problem-solving courses, trainers and accessores to
help you learn state-of-the-an technology.

Get more information in the

FREE
£ ! HEATHKIT CATALOG

il Mail to: Heath Company, Dept 020-174
Benton Harbor, MI 49022
Name _
Address
City

State

——————— 1

CIRCLE 15 ON FREE INFORMATION CARD
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FIG. 7—FOUR WIRES mUs! be aJd%d to the
tmer's PC board a8 $hown shove

| 31816 INCHES 1

FIG. 9—THE COMPONENT SIDE of e double-sided display PC board. I, 100, i5 shown tuly sized.

i 3-1516 INCHES I

FIG. 8—THE FOIL SIDE of the double-sided display PC hoard is shown here full sized. 's paris-

Platement diagram will be shown next month.

shown in Fig. 7-b. Do not touch any of the
pads that mate with the LCD dispiay.
Using a very fine-tipped soldering 1ron.
and a small amount of solder. 1in both the
exposed copper foil and the wire to be
attached. Do not allow any solder or flux
to contact the pad located below the trace.
Touch the wire and the iron to the point
that was tinned to attach the wire.

Next. set the PC board intg the case
along with the swilch-contact sinp. Re-
insert the molded black plastic lid and and
the screws (do not over 1ighten), dress the
wires up out of the way. and make a note
of the wire colors for later identification
when connecting them up to the gas ana-
lyzer's PC board. The timer’s back cover
will not be used in the cabinet.

WwWww americanradiohistorv comm
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FIG. 10—FULL-SIZED FOIL PATTERN for the
TCC board. That Bosrd mounls in the con-
version box.

Display-electronics construction

Full-size PC-board patiems are shown
in Figs. 8. 9. and 10. We recommend
using PC boards. as that will considerably
reduce consiruction and debugging time.
[t will also help eliminaie the possibility
of any high-impedance-leakage paths or
spurious-signal pickup. The use of IC
sockets is recoinmended as those allow
easy IC removalireplucement should ser-
vicing ever be required.

Rull-size foil pattcrns for the double-
sided display PC board are shown in Figs.
8 and 9. If you choose 1o etch your own
board. arid cannot provide plated-through
holes. you will have to solder all compo-
tent leads on both sides of the board. [n
addition. you will have to insert a wire
into all pads that do not contain compo-
nem leads, then solder those feed through
wires on both sides of the board.

Unfonunately, that’s all we have room
for now. Next time, we will 1ake a look at
the parts-placemem diagrams, and show
you how to compicte the electronics part
of the project R-E
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1F YOU ARE LIKE MOST PEOPLE. WHEN YOU
think of 3-D . you think of bad movies.
eye strain, and often unsuccessful special
effects. Yet 3-D TV remains one of the
“holy grails™ of the video indusiry. But
that should come as no surprise consider.
ing the enormous popularity such a sys-
lem would have for not only everyday
viewing. but also for such things as vid-
eogames. [n addition. 3-D TV has many
impoftant applications in science. medi-
cine. and industry.

The key 1o the suceess or failure of a 3-
D system is the quality of the effect. Also.
only slightly less important is the degree
of inconvenience and/or cost imposed on
the viewer,

In this repont we are going to look at
three 3-D TV systems currentiy under de-
velopmient. and cxamine their strengihs
and weaknesses. Each. from different
manufucturers, takes a completely dif-
ferent approach as (o how the 3-Dimage is
produced. Finally, these systems are not
all dreams and promises. All have reached
the stage where at least working pro-
totypes have been produced, and all could
be introduced commercially in the near
future.

-~

The promise of 3-D TV has gone
largely untuifilled up to now. But that
appears to be about to change, thanks to the work being

CARL LARON
ASSOCIATE EDITOR

. ~done on systems like the ones we'll show you in this article

No glasses

The first system we'll be looking at is
also the only one that is “"ayto-
siercoscopic:” that means that it does not
require some soft of viewerwom glasses
to Create its 3-D effect. Developed by a
small California toy manufacturer. The
Bright and Morming Star Company (5319
West l46th Si.. Lawndale. CA 90260).
and called the Aurostereoscopic Imuge
Display System. it uses plastic Fresnel
lenses insicad.

Let’s sec how it works. First of all, iwo
images. one of which must be reversed,
are required for the system. That means
thal two monitors. with one displaying a
reversed image. are necded for TV view-
ing: as we’H soon see, other applications
are possible.

The hean of the system is a sandwich
made up of prismatie Fresnel lenses. In
use, the moniters are placed at night an-
gles to each other and the Fresnel “sand-
wich™ is placed diagonally between them
as shown in Fig. 1.

When the viewer sits as shown in the
figure. his converging sight paths are sep-
araied. One of the sight paths sinkes the
Fresnel sandwich at such an angie as tobe
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What'sNew in2-D TV

totully reflecicd. That eye “'sees” lefi-
hand menitor. which is displaying the re-
versed image. The reason that the image
on that monitor must be reversed is that,
due to thw totul reflection of the sight path.,
we are essentially viewing it in a mimor. [f
it were displaved normally, the images
seen would be reversed. Thus, by revers-
ing the image. a normal image is seen.
(That can getabit confusing. so reread the
last few lines. if necded. 10 be sure you
understand them. Also. as an experiment.
you might want to try watching TV in a
mirror to see the cffect.)

The other sight path is not reflected. but
some slight refraction does occur. That
eyve sees the nght-hand monitor, which is
showing the normal image. Thus. since
eiach eye is seeing the same image, al-
though from a slightly different perspec-
tive. the viewer's brain is able 10 derive
the 3-D image. In fact, that is how the
brmn nonmally provides us with three di-
mensional information.

Of course. the chiel advaniage of the
syslem is that it requires no glasses. The
other important advaniage is that, because
of the nature of the viewing system. its use
is not limited to video. Indeed. it will
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work with photographic prints and trans-
paruncies (both still and moving), or with
any other image source such as X-rays.
radar. electron microscopes. and compul-
er displays.

On the negative side. there are disad-
vaniages. especially for home-video ap-
plications. For onc thing, there’s the cost
associated with providing the two moni-
tors required. Secondly. ideal viewing oc-
curs only at one point, about |2 10 24
inches away from the unit: the exact point

.varies from individual to individual. That

fact limils ideal viewing to just onc per-
son. A second person could also view the
picture as shown in Fig. 2, but that second
person would sce a reversed image. The
third disadvantage lies in the naturc of the
Fresnel lens. Those familiar with that type
of lens know that the image rendered by
them is unacceptablc unless the lens is of
the highest quality.

That is not to say. howevet. that that
system does not have great potential, es-
pecially in areas outside of home video.
For instance, the cost of a second monitor
would not be 1o great 8 concemn in a
stand-alone arcade videogame. Another
possible consumer application would be
as a stereoscopic photographic viewer.
The cost of the opties {only} for 8 snapshot
viewer could be as low as onc dollar; the
optics for larger viewers would, of course.
cost more.

Red and blue

The second system we'll be looking at
uses a technique that should be familiar to
anyone who has ever seen one of Hol-
lywood's 3-D efforts. Those films were
made using two cameras with diffcrent
colored filters—onc red. the other blue.
The result was & film with two images
slightly out of register. If the film were
viewed drectly, it would appear as if ev-
erything had a red outline.

But those films were not meant to be

~ NORMAL
? IMAGE

rd
e
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S
~ L7 FRESNEL ARRAY POSITION

FIG 1—THIS AUTOSTERECSCOPIC 3-0 TV system requires iwo monitors; ihose monitors are placed
al right angles 1o each other.

viewed directly. Instead. glasses with one
red lens and one blue lens are used. Those
lenses direct the appropriate image to
each eye, and because the images e off:
set. the viewer sees the scene in three
dimensions.

A German company, ABDY AG, is
marketing a sysiem that conseris g stan-
dard TV so that it can creaie the same
effect using standard TV signals. The sys-
tem is also called ABDY, and its secret
lies in its namc, which is an anagram for
Anaglyphic By DelaY.

The nice thing about this system is that
it does not requirc special signals. In-

stead. it electromcally aliers a standard
two-dimensional TV picture so that the
illusion of 3-D is created. [t does that by
splitting off the red signal and delaying its
viewing until a small fraction of a second
ofter the blue signal has been displayed.
That small time-delay creates an effect
that is nearly identical to that of the 3-D
movies so that when the image is viewed
through special glasses. a three-dimen-
sional imuage is seen.

The key 10 the success or failure of the
system may very well lie in the glasses
used. According 10 Garry D. Silivanch.
President of 3DS Systems. Ltd. {Crescem
Office Park 1. Hempstcad Tumpike, Levi-
ttown. NY 11756). the U.S. distributor of
the system. earlicr effons (such as the 3-D
movies that were shown on TV in various
pans of the country a lew years back)
failed inwinly because of the poor quality
of the glasses used. Those glasses were
typically made of cardboard and used col-
ored cellophanc for the the lenses. On the
othcr hand, the glasses that will be
provided for the sysiem. dubbed Tri-Di-
mensional Television for .8 sales, are
comparable in quality to expensive sup-
glasses. Even viewers who wear prescrip-
tion glasses have been considered: A clip-
on vervion for weanng over regular glass-
es will be available.

Another strong point in favor of the
system is that it can be added to any stan-
dard TV set at a relatively low cost, It is
expected that the modification, complete
with installation and two pairs of glasses,
will setl for about $100. Once installed, 3-

CLEAR DR TRANSLUCENT TOP

FRESNEL AARAY
VIEWER 1

{SEES NORMAL E
IMAGE) g |

MAGNIFICATION LENSES
{FRESNEL DR STANDARD)

NDRMAL

REVERSED
IMAGE IMAGE
Fi1G. 2—A LOW-COST TWO-FERSON YIEWER I8 shown in a. Note that whife one viewer wiliTsee a

normal 3-D piclure, the second will see a reversed image as shown in b.
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D viewing is available at a flip of a switeh;
when the device is turned off, regular
viewing is unaffected.

On the negative side, glasses, which
arc a viewer inconvenicnce. are required.
Also. because colored lenses arc being
used 10 create the effect. al least some
distortion of the colors displayed on the
set will take place,

What about availability? The system
has been sold in Germany for well over a
vear now, In the U.S.. production in now
underway, with lesting scheduled to begin
in July af this year in an area of suburban
New York City.

Interlacing images

The third system we’ll logk at seems Lo
be the one that is generating the most
interest in the industry. Dubbed Ster-
eoDimensional, it was developed by Ster-
cographics (Box 2309, San Rafacl. CA
94912)

The SrereoDimensioral system con-
sists of the electro-optical shuttering
glasses. a video monilor, an imaging
source such as SIereoscopsc Cameras or a
stereoscopic microscope (sec Fig. 3), and
a "black box" (see Fig. 4) that conlains
the propriatary electronics that keep the
entire system synchronized.

Figure 5 shows how the systcm works.
In it. a special pair of video cameras is
used to photograph the scenc. The images
from the cameras are then presented se-
quentially on 4 monilor using the odd and
even ficlds of the ielevision interlace. The
monitor is viewed using special glasses
that first obscure one eve and then the
olher. The glasses are wired (o the syslem
and synchronized to the transmission so
that the right eye sees only what the right

camera photographed and the lefleye sces
only what the left camera photographed.
(Rescarch is also under way to develop
some form of wireless glasses. perhaps
using ultrasonic or infrared transmission
techniques.) The brain. once again. sees
the nnage from two dilferent viewpoints
and thus can reconstruct the three-dimen-
sional scenc.

If successful, such a system has distinct
advantages over several other approaches
currently being explored. For inslance, in
an anaglyphic system, the use of colored
glasses prevents the image from being
seen in its normal colors. Another prob-
lem often associated with those systems is
eyestrain. Polanizing systems. on the
other hand, allow the image o be seen in
full color. but require that the viewer keep
his head perfectly vertical to prevent
ghosting or loss of depth. The Sier
eoDimensional system overcomes Lhose
problems and allows the image to be seen
in full, normal color, and allows the view-
er complete freedom of head, neck. and
body movement.

Using the odd and even ficlds of the
television interlace lo present sequential
right and leflt images is not a new idea, but
it only became practical because of recent
developments in eleciro-optical technol-
ogy. Also, previous systems using that
technique suffered from bad flicker, That
was caused by the fact that the normal
field rate of a television raster is 60 Hz.
Thus. when alternating fields are used,
only 30 fields per second are devoted to
the right eye and 30 fields per second to
the left one.

That is just 100 few; according Lo Sier-
eographics, the minimum number of
frames per second required o produce

THREE-LHMENSIONAL TV CAMERAS. Signais irom the cameras are routed 1o the control box. where
they are processed and sent 10 a video monior.

WwWww americanradiohistorv comm

FIG. 3—ANOTHER 30 IMAGE SOURCE. Here,
iwin video-cameras fire mounied on & slér-
eoscople 2oom.microscope |0 create & " 3-0ml-
croscope.”

satisfactory results under most circum-
stances is 50. In the StereoDinensional
system. several techniques are nsed 1o in-
crease the number of fields displayed each
second. In one of those. the vertical scan-
ning rate is doubled. thus producing 120
fields per second as opposed to the usual
60. When such a signal is displaved on a
standard monftor, however. il is vertically
compressed and two images appear one
over the other.

To see the image in proper sequence.
the field rate of the monitor must be in-
creased te 120-Hz. in addition. suilable
circuitry must be provided to double the
sync frequency so that the fields will be
decompressed and the images displayed
in their proper proportions.

To keep costs down (it is hoped that
evenlually the cost of adding the system to
a sel during ils manufacturing will in.
crease the cost of the set by only 10%) the
system was designed to be compalible
with cxisting video systems. The first sys-
tem manufactured (which. incide ntly, was
delivered 10 Lockheed this past Novem-
ber) was designed around the NTSC sys-
tem. bul there is nothing inherent in the
technique that would prevent its use in
areas of the world that have adopted either
the PAL or SECAM formats. Of course
those formais use different field rates. and
differcnt numbers of total lines per field.
but the StereoDimensional system can be
adapted to them,

By the samc loken. that 3-D system can
be adapted for use with a high-resolution
video sysiem. one with many more hori-
zontal lines. The system can also be used
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FIG. 4—THE EXTEANAL SYNC GENERATOR, the hear! of the StereoDimensional system, I8 shown
here with m palr of their electro-optical glasses.

CONTROL CIRCUITS

o
ELECTRO-OPTICAL GLASSES

rVIDED CAMERAS

VIDED MONITOR

FIG.5—PUTTIRGIT L TOGETHER. This diagram shows how the basic elements Inthe StereoDimen-

s:’gna-‘ sysiem ar¢ connecled together

in just about any application that uses a
CRT feor display. Those applications in-
elude ultrasonics. radar. flowroscopy. and,
of course. videogames,

Changing 1he number of ficlds per see-
ond does not effect such signal factors as

bandwidth. Thus the altered signals could
be broadcast over the air. used in a closed-
circuil system., or distributed via cable
without any problems. Existing videotape
and videodisc formats could also be used
to record the signals without any modi-

WHAT DO YOU THINK?

In this article we have presenied an overview ol three 3-D TV systems thal have attracted a
great deal of interest We would like to know what gur readers think ol them. Which system
do you think shows the greatest potenbial? If you had the opportunity, which one would you
like to use to view 3-D programming? We invite you to vote below, and add any commenls
that you might have. We will let you, and ihe developers, know how the systems fared in a
future issue of Radic-E lectronic 8. Mail your ballats fo: Radio-Electronics. 3-D TV, 45 East

17th St.. New York. NY 10003

Autoslereoscopic Image Display System

Tri-dimensional TV
StereoOimensicnal
Commenis:_
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fications.

That is not to say that there are not some
serious drawbacks to the system. Glasses
are, of course. still required. More impor-
tantly. the image must be photegraphed
and transmitted using the StereoDimen-
sional process. and the resulting signal
can not be viewed satisfactorily on a
“standard” TV set.

That. of course, mcans that it is un-
likely that you will be sceing your favorite
over-the-air TV show in 3-D using that
system in the near future. Instead, the
future of this system seems 10 lie in indus-
trial applications such as computer-aided
design and manufacture, cartography,
flight simulation, IC inspection, micro-
surgery. mechanical training. and even
air-flight control.

On the emertainment front, as pre-
viously mentioned, cable or vidcotape/
videodisc distribution of programming
using the process is certainly possible.
Even more interesting are the possibilities
offercd by DBS. High-definition TV has
received a great deal of attention in eon-
nection with DBS, and its use by one or
more of that service's prospective pro-
grammers has been considered. Needless
to say. a service that combines high-defi-
nition TV with 3-p TV could create quite
a bit of excitement.

In this anticle, we’ve looked at three 3-
D systems that have drawn a bit of inter-
est. That is not to say, however, that those
are the oniy systems under development.
Indeed. because of the wide range of lu-
crative consumer and industrial applica-
tions. we expect that 3-D TV will be one
of the hottest and most interesting arcas of
video research and development for many
years (o come. R-E
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Receive only the calls you
want to receive with this
inexpensive and easy-to-
build telephone accessory.

GARY McCLELLAN

P THIS MONTH. WE
a rt conclude our look at
a device that keeps unwanted calls from
reaching you. All that's left 1o do now is
prepare the cabiner. install the boards.
and make a few adjustments.

Putting it together

Stant by referring to the Pants List for
the materials you'll need and obiain them.
Here are a few suggestions on the pants
that might make shopping casier:

The switches may be any SPST 1ypes.
We give the supplier and pant numbers for
switches thal looked especially attructive.
however you are welcome to use others.
Justbe sure to get a ;nomentary type push-
burton switch for St and not an alternate
action type. Using the wrong switch will
cause problems!

The piezoelectric buzzer may be any
similar device but don’t substituie a me-
chanical type: the current draw is 100
high. Note that if you substitute for that
device. be sure Lo get a surfuce-mounted
buzzer. That is necessary because 1here
isn 't enough room inside of the cabinet for
a different type.

BUIEDELEILS:
Telephone Add-On

NO MORE
WRONG

N

A different cabinet may be substituted
if the vne specified is nol readily avail
able. Simply use any cabinet greater than
2% 5 % 5 inches. But note that if you sub-
stitute the cabinet. you'll probably have to
labe) your own front pancl. That's because
the front-pancl board used in the project
(sec Fg. 9) is sized for the cabinet that
was specified.

And finally. a few words about lhe
hardware. All items are Standard and
should be available through most elec-
tronics supply houses. The spacers may
seem unusual. though. We want four
[.125-inch threaded spacers. but that size
must normally be custom made. Insicad.
four one-inch threaded spacers are used.
plus four more 0.125-inch unthreaded
spacers. That way. we get what we want
by using standard purts.

Start assembly by drilling the frone-
panel board and mounting the swilches.
Start with a small drill bit. then use sever-
al larger bits and a round file toenlarge the
holes to prevent damage. Then install the
switehes in the proper places and set the
panel board aside for 2 moment

Next. drill the rear pancl. using ihe

WwWwWw americanradiohistorv comm

template shown in Rig [0 as a guide. Drill
the smal) holes with a 0.125-inch bit and
use o 0.25-inch bit on the large holes.
When done. mount the buzzer using
4-4030.5-inch screws and hardware.

Cut the telephone cord o about 6 feet
and thread it and the 12-volt leads from the
transformer throueh the Jarge hole at the
lefi edge. Pull about 7 inches of wire
through. then install a cable ¢clamp in the
remaining small hole and thread the wires
through i1.

Turn to the main board and install the
spacers. Note thal each spacer mounts in
the corners of the bourd—do not mount
spacers in the holes located closer Lo the
center of the board. Refer o Fig. |l for
details and install the spacers as shown.
Place 8 lockwasher on a 4-40 % 0.5-inch
screw. then pass it through the board.
Place the 0.125-inch spacer and then the
I-inch spacer on the screw and tighten.
Install the other spacers in the same way.

Now it is time to connect some wires to
the main board—refer 10 Fg. 12 for de-
tails. Strip the wiephone cable back about
3 half-inch. Then strip and tin the red and
green wires: cur any others off,

o
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PARTS LIST—MAIN BOARD

All resislors YVi-watt. 5% unless olher-
wise noted

R1, R3—1000 chms

R2, R7, R11, R13—10,000 ohms

R4—4700 chms

R5—270.000 chms

RS, R16—100,000 chms

R8—33.000 ohms

RS—22.000 ohms

R10, R14, R15, R19—10 megohms

R12—10.000 ohms, potentiometer, linear
taper, PC-board mount (Radio Shack
271-218)

R17—330 ohms

R18—470 ohms

R20-=2200 ohms

Capacltors

C1-0.22 uF. 250 voits. metal film

Cz, C13, C14—0.01 kF, 50 wolts, ceramic
disc

C3—47 uF, 16 volts, radial ieads. elec-
troiytic

Ca, c6, CF, C10—1 pF, 16 voits. radial
leads. tantalum

C5. C8, C11. €12—0.1 uF. 50 volts, poly-
ester

C8. C16. G17—0.1 uF, 16 voIts, ceramic
disc

C15—470 uF, 25 volts, radial leads, elec-
trolytic

Semiconduclors

IC1—TIL-119 optoisotator (Texas Instru-
ments)

IC2—M250 ring-detecior subsysiem
{(Mendakota—see below)

IC3—CD4538 CMOS one-shot (RCA)

IC4—CD4093BE CMOS Schmitt trigger
NAND Qales

IC5—MOC-5010 oploisoiater (Motorola)

IC6, IC7—TBLOSACP S5-volt, 100-mA reg-
ulator (Molorola)

1, Q2—-2N2222 NPN transistor

Dt-D6. DB-D11—1N4002 diodes

Dr—1N4148 diocte

F1—0.2% amp, JAG fuse

PL1—& pin maie PC-header {GC Elec-
trorcs 41-046 or simiary

AY1—DPOT relay. 12-voit DC coil (Radio
Shack 275-213 or aquivalent}

PB1—Piezoeiecinc buzzer (Radis Shack
273-060 or equivalent)

$1—SPST momentary pushbution switch
{Radio Shack 275-618 or equivalent)

Miscellaneous: PC bosrd, solder. wire.

2 PC-mount luse cllps {Littietuse

122087} IC sockels, elc.

The tollowing is avallable from Men-

dakola Products, Ltd., PO Box 20HC,

1920 W. Commonweallh Ave., Fuller

ton, CA 92613: A selof three PC boards

and the M290 ring deteclor IC {order

part No. NWRL The cosl Is $26.00

postpaid in the U.S. and Canada. The

M290 Is available for $12. Calitornia

residenis please add 6% sales tax. Sor-

ry, 10 C.0.0's or credit-card orders.

Here is a useful hint: Before connecting
the wires. cut six %-inch picces of icad
from some half-watt resistors. [nsen the
pieces into the main-board locations for
the off-board connections so that they pro-
trude from the component side and solder.

}(—

NO WRONG NUMBERS'

. RESET

TELEPHONE ACCESSORY

830002

4.3/4-INCHES

[C] 19823

-l
-l

FIG. 9—FOR SIMPLICITY, m PC bosrd is used for the front panel. The foil pattern for that board i8 shown

here.

FIG. 10—IF YOU USE THE CABINET specilied in the Parts Lisl, using this termplate will simplity drilling

the rear panel.

T-INCH THREADED SPACER

1/8-INCH SPACER

MAIK DARD "R"\
-~

440 x U2ANCH__- \
SCREW LOCKWASHER

FIG. 11—HOW THE ONE-INCH Bnd ¥WInch
spacers are mounted on the maln board.

Then. make the off-board connections to
those leads. Doing that will allow you to
repair any broken wires once the main
board is installed in the cabinet. Other-
wise such repairs would require removing
the board.

Wire the main board and rear-panel as
shown in Fig. 12. Place the rear panel into
the slot cut in the cabinet and place the
main board inside. Note that connector
PL1 must poim toward the front of the
cabinel. Secure the main board with the
screws supplied with the cabinet.

Next. slide the front-panel board in the
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slot and wire the switches as shown in Fig.
12,

The decoder board is installed next.
Connect SOl to PL] on the main board.
Then position the board over the sland-
offs and secure with 4-40x0.25-inch
screws and lockwashers. Check to be sure
that filter capacilor C15 does not short any
traces on the decoder board.

That takes care of the assembly so let’s
move on 1o the adjustments!

Adjustments

Basically. there are three adjustments.
One sets the volume of the buzzer and the
others ser the pushbutton tone-pairs that
the decoder board will respond 10.

There are two methods you can use o
set the pushhutton 1one-pairs that the proj-
ect will respond 10. and the method
chosen depends upon your test equip-
ment. The first method is the best and the
casiest, but requires the use of a frequency
counter. The second method requires no
test equipment. Instead, you'll need the
assistance of a (riend with a pushbution
phone. That method works well enough,
but is time-consuming.

Noie that the volume adjustment is
done by car and will be saved for last-
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FRONT AEAR
PANEL PANEL
\ MAIN BOARD /
® 4 BIEZD
AED —w ) BUZZER

.. : BREEN —e <

| REQ —= = MEZQ

51 ' BLACK —w O BUZZER
RESET PLY — WIRES
R1Z
PHONE
Lo CABLE
TRANSFORMER
WIRES
‘_— \0
POWER -ﬂ |
a ) . )
\I L _j \
WIRES TO MOOULAR
PLUG AND T1
FIG. ' — HE WIRING BETWEEN the main board and the iront and réar paneis I dons as shown here.

PARTS LIST—DECOQODER BOARD

ANl resistors 5%, 144 watl uniess other-
wise noted

R1. A3, R16—2200 ohms

R2—22 ohms

R3, Rs, A11. R12—100.000 ohms

R4. 46, RA—4700 ohns

R7—100 ohms

R3—10 megohms

R10—47.000 ohms

R14, R17—20,000 ohms, 15-tum poterd:-
ometer. PC-mount (Radlo Shack
271-340 ot equivalent)

R15. R18—6200 ohms

A19, R20~-180.000 ohms

R21—1 megohm

Capacitors

1. C6. C13—1uF, 16V, efectrolvlic, radial
leads

C2—0.00uF, 50V, polyester

€3, C7—4a7uF. 16V, slectroiytic, radial
leads

C4, C8, C9, C10. C11, C15—0.1uF, 50V,
polyester

€5, C12—2 2uF, 18V. electrolytic, radial
‘wags

C14. C16—0.1uF. 16V. ceramic disc

C17—1uF, 16V, tantalum

Semiconduciors

IC1—LM339 linear quad comparators
{National

Also note that the procedures outlined be-
low assumic that the code number selected
will be 7.

Use this procedure if you have a fre-
quency counter: Plug in the transformer
and set the project’s power switeh to the
oN position. Observe that the LED's on
the decoder board blink when power is
applied. That tells us that the decoders are
working. Next. set up your counter and
connect the ground lead of its probe 1o
TP3. the ground test point on the decoder
board (see Fag. 13}

Adjust the decoders by measuring the
frequency at the testpoints and by adjust-

1C2—C0D4017 CMOS counter {RCA)

IC3, IC4—LM567 linear lone decoders
(National)

IC5—CD4001 CMOS guad woR gates
{RCA)

D1-DE—1N4148 silicon switching diodes

LED1. LED2—jumbo red LED's (Radio
Shack 276-041 o equivalent)

SO1—6-pin temale plug {Calectro 41-126
or equivalent)

$2—~SPST rmocker switch {Radio Shack
275-690)

T1—12 VAC, 250mA, plug-in transformer
(Jameco AC-250 or equivatent)

Miscellsnecus: PC board. front-panel
board, 2x5x5inch cabinet (CM5-200.
Pa¢ Tec. inc.. Enterprise and Executive
Aves.. Philadelphia. PA 13153)(Radio
Shack 270-218). 12-1oot modular lefe-
phone cord (Radio Snack 279-374 or
equivaient), IC sockats, 4 1-inch threaded
spacers for 4-40 screws. 4 0.925-inch
unihreacded spacers, 4 4-40 x0.25 inch
screws. 7 4-40x0.5 screws. 11 No. 4
lockwashers, 3 4-40 nuts, 0 25-inch cable
clamp. eic.

ing the potentiometers for the right val-
ues. Connect the counter to TPl and
adjust RI7 until the counter reads 1209
Hz. Next. conncct the counter to TP2 and
adjust Ri4 until the counter reads 852 Hz.
Finish by dabbing nail polish on the po-
tentiometers 1o lock the settings.

Use this procedure if you do not have a
counter: Temporarily remove the decoder
board and unplug it. Remove IC3. the
MC14538. from its socket and place a
wire jumper into the socket between pins
10 and 16. That causes the relay 10 close
when power is applied. That way. incom-
ing tones will be received by the decoder
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FIG. 13—THESE POTENTIOMETERS and test
points. used In aligning the project. sre found on
the deccder board.

board. Reinstali the decoder board.

Preset the potentiometers on the de-
coder board—tum R17 fully clockwise
and R14 fully counterclockwise. You'll
know when the end is reached when the
potentiomcters start 1o turn hard.

Plug in the transformer and plug the
phone connector into your phone jack. Do
not turn en the power switch yet, Then call
your friend.

When your friend answers. tell him to
press and hold down number 7. Tum R17
until LED2 lights. Likewise. turn R14 un-
til LEDI comes on. At the same time the
beeper will sound: that is normal, Finish
up by having your friend press number 7
several times. Both LED's must lighe. If
not. touch up the adjusiment for the one
that doesn’L.

Finish the adjustments by dabbing nail
polish on the potentiometers 1o lock the
settings then remove the jumper from the
IC3 socket on the main board and replace
the MC14538.

Adjust the volume control by setting it
to midposition through the hole in the rear
panel. Later on, if you find that the buzzer
is too loud or too soft, adjust the volume
as required.

Using the project

Using the project is simplicizy in iiself,
and the hardest part will be to get other
people to remember to dial your access
code.

To use the project. connect the trans-
former 1o a nearby outlet. Also.usinga T-
connector. connect both the project and
your phone 1o your modular phone jack.
Then set the power switch to the ON posi-
lion to prevent undesired phone calls.

Tell those who you want to be able to
recach you about the project and the pro-
cedure that must be followed to call you.
That is, they dial your phone number as
usual. hear one ring. and then have 10
seconds 10 dial 7. If they don't dial the
eode number. your phone won't ring and
they can’t reach you.

There may be limes when you want 1o
receive calls from people who shouldn’t

conrinued on page 107

PE6LAVIY

8


www.americanradiohistory.com

RADIO-ELECTRONICS

z

P t 2 WIIEN WE LEFT OFF
a r last titme. we had just
set up the computer. We said that if the
BASIC prompt (=) appcared on your ler-
minal. you could assumc that things are
warking properly. 1f you do not ger the
prompl. turn off the power and disconnect
the board. If you are using & wire-wrap Of
other prototype system. check every line
with an ohmmeter. If you use a printed-
circuit board. examine the board Closely
{with a magnifying glass) for soldes
bridges or splats. cold solder joints. sol-
der-flux residue. or “whiskers” of PC ma-
terial under the solder mask. Use an
ohmmeter 1o check adjacent pins and
lines for whisker shorts. Check every IC
to insure that no pin has been folded under
dusing inscrtion. Use an ohmmeter to
check the orientation of every diode. I is
unfortunately not uncemmon to find the
markings reversed. Il those basic trou-
bleshooting steps don’t work. reapply + 5
volis DC and check the state of the pins on
the microprocessor according Lo Table 2.

Reset the board and observe the
RS-232 output pin. If there is any activity

HOME CONTROL
COMPUTER

One of the best things about this control
computer is that it can operate BSR-type
remote controllers. Lets see how, as we

look at the power-supply, the wireless remote

STEVEN E. SARNS

on this pin shortly after reset, then the
prompt is being sent. but the terminal is
not responding correctly. Check the com-
munications seltings on the terminal. (Al-
though we said last month that the
terminal should be set to 4300 baud. that’s
not essential. Simply type a space within
B seconds afier reset. and the eomputer
will adapt.) Examine the input of the
RS-232 port; this linc should be ata TTL
low level. Typing any character on the
terminal should produce a short series of
positive-going pulses.

When vou get the BASIC prompt. and
your terminal and the control computer
are communicaling properly. You are
ready (o entcr your first program:

oK
>NEW
OK
>]1 PRINT “HELLO™.
>2 GOTO |
>RUN

We hope that cvetything worked as it
should have. and vour screen is now full
of "HELLO's.” We'll now leave our Jis-
cussion of the computer board and begin
ous discussion aboul the compuier’s
power supply and wireless remote control
that we promised last month.

You may think we're geiting ahead of

WwWww americanradiohistorv comm

controller, and the computers I/0 system.

TABLE 2—8088 PIN STATES

Pin Function State
1.20 GROUND  ground
21 RESET low

23 TEST high
31 HOLD low

19 CLOCK 4 MH2z
17 MY Iow

40 Ve +5 VDC
22 READY high
24 NTA high
33 M/ MX high
18 INTR 1ow

ourselves because we haven't finished dis-
cussing the computer Circuitry yel—spe-
cifically. the /O system. But some people
will not be able totest out the basic sysiem
until they build a powes supply. So now
we'll discuss the power-supply board.
After we've done that. we'll return to the
computer board wilth 2 look at its /O
capabilities,

The second board

As we mentioned last time, we khow
that the computer board requires a supply
of + 5 volts DC at less than 1 anip. 1f you
plan to use an RS5-232 cable longer than
10 feet. then you'll also need a4 — S-volt
supply to establish the RS-232 “mark™
level. And if you'll want to program
EPROM’s, you'll need 4 higher-voliage
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FIG. 5—POWER-SUPPLYREMOTE CONTROLLER schematic. Components that are marked with an
asterisk are optional. Note that some companent values do not agree wlith the Parls List thal appeared
Iagt month. Those have been corrected in the Parts List on page 69.

supply—the 2716 EPROM requires a 25-
volt DC supply at 30 mA.

Oiher EPROM s require other supplies.
For example: the 2732 requires a 21-volt
switched supply at 20 mA, while the 2764
requees a 21-volt supply at 30 mA. We
mention the requirements for other
EPROM s because, as you may remem-
ber. the first installment of this article
made note of some *“*unused pads™ on the
board, some of which are for jumpers 1o
select various options (including the op-
tion to program EPROM's other than the
2716). Unfortunately we cannot g0 into

detail on all the possible options—we'1l
discuss a basic configuration and leave the
experimenting up to you. We strongly rec-
ommend that you have the board working
correctly using 2K X8 RAM'S like the
TMM 2616P and 2K X8 EPROM s like
the 2716 before you start making changes.

Presuming that everything is working
correctly, then you can begin to change
the board configuration. Let's say, for ex-
ample. thar you wanl to programa 2732 or
2764 EPROM. You will have 1o conneci
pin 23 of the socket (remember—we're
using 28-pin sockets even thoughthe 2716

WWwWw americanradiohistorv comm

and 2732 have 24 pins)to All. And you'll
have 10 cul the race that now brings V
there. Pin 20 of 1he socket should be con-
nected to 1C16, pin 7 instead of IC26 pin
13. Study the data shcets and pin func-
tions carefully so that you understand
why ihose changes have to be made—
before you make any changes.

A look at the power supply

The schematic of the power supply
we'lt use is shown in Fig. 5. It can supply
all of the ¥V, options. (The level of V.
can be varied by wrimmer potentiometer
R13.) The power-supply board aiso
provides some signals that are used—but

PREL AYN
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not required-—by the conlrel computer it-
self. Those signals include: PWRFAIL
{which tells the computer that the AC
power has failed} and a 120-Hz TTL-level
pulse that is used for time-of-day routines.

The =5-volt DC power supply is made
up of simple linear-1C regulators (1C4 and
[C5} The V__ supply must supply only 30
mA,, but it musit be switched on and off for
the 2732 type EPROM. The switching is
accomplished with [C2, a TL397 switch-
ing regulator. Besides giving us the ability
to program 2732’s. there is an additional
benefit to switching the V__ supply: We
can conirel ils turn-on c¢haraclenstics,
That's impottant because most EPROM 's
specify the programming voltage to with-
in .5 wolt, If 1he supply goes any higher,
the device can be destroyed. Unfor-
tunately. many power supplies generalc
an overshoot greater than .5 volt when

they are swiiched on or off. Even a few
nanoseconds of ringing on the line is
encugh to cause some EPROM's (o
crowbar the + 5-volt supply.

The power-fail circuil is a simple com-
mon-base. level-detection circuit that
monitors the voltage across the +SVDC
regutator. When that wollage falls to less
than 4 diodc drops. ihe PWRFAIL signal is
activated. That allows approximately 30
milliseconds of waming before the output
of the + 5-wolt supply falls below 4.75
volts. The pwRFAIL signal is fed (through
S$06 and SO35) 10 the non-maskable inler-
rupt (pin 17} of the microprocessor. The
microprocessor will enter & wail state until
its TEST pin (23) goes low, which will
happen when a 120-Hz signal is detecied.
The 120-Hz signal will be detecied, of
course. when AC power is restored.

That 120-Hz signal is 2 positive-going

pulse at AC zerp cross. That signal is
importani for severil reasons. [1 allows the
conlrol computer 1 be used for time-of-
day applications. (A time-of-day routine
has been included in the BASIC interpre-
ter. See the Parts List for ordering infor
mation.) The second use of the AC zero-
cross signal is to synchronize the control
computer to the AC line. Many types of
machinery require switching on or off at
AC zero-crossing (o minimize the amount
of interference generated. More important
for us is that the the remoie-control link
requires that ransmissions be syn-
chronized to AC zero crossing. We'll dis-
cuss that shortly. Transistor QI is
connected in a common-emilter config-
uration, driving 1C3.

If you're worried about power failures
and brownouts. you can make the power
supply uninterruptable by adding an op-

RIS
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FiG. 6—FOIL PATTERN for the power supftyremole controller. The single-sided board |8 th same size
as the compuler board that we showed last maonth.

RADIQ-ELECTRONICS'

o
o

WwWwWw americanradiohistorv comm


www.americanradiohistory.com

tional backup battery. D10, and R20, That
approach is simple and effective for small
systems such as this. where an 8-volt, 4
amp-hour Gel-Ceil will give you about 6
hours of backup operation. Unfortunately.
while a battery-backup system will pro-
tect the contents of RAM, it will not pro-
tect the time-keeping function, which
relics on the 60-Hz line frequency.

The foil pattern for the single-sided
power-supply/remote-control board is
shown in Fig. 6, Nole that il's the same
size as the compuier board that we showed
you last month. The pants-placement dia-
gram for (he board is shown in Fg. 7.

Building the power supply is simply a
matter of “stuffing the board. ™ There are
a few points that we should mention.
though. Figure 8 shows the assembled
board of the author's prototype. Noke that
only onc regulator is installed, That's be-
cause the =5-volt supply is necessary
only for RS-232 cables longer than 10
feet. Up at the top of the board is SO6—a
standard 16-pin IC socket. A [6~conduc-
tor cable thal leads to the computer board
is simply plugged in 1here.

The tlat PC-mounted transformer and
the heatsink for the regulators bring the
overall height of the power supply 1o less
than 1.5 inches. That means that cven with
the computer board mounted directly on
top of the power supply, the total height
can be kepl well below three inches.

The remote-control link

The greatest feature of the power-sup-
ply board is the wireless remote-control
link that zllows the computer (o control
instruments and appliances wilhoul the
hassles of stringing wircs to the control
point. Signals are sent via the power lines
and are decoded at the control site sp that
remole controt is simply a matter of plug-
ging the unit that you want to control into
a remote module, and transmiiting the
appropriate codes to the module under
control of a BASIC program. {We're get-
ting a little ahcad of ourselves here; we
haven't yet discussed the computer’s 1O
sysiem that cnables us to do that. But
we'll get 1o the details on that shorty.}

The best way to familiarize you with the
remote-Control systcm is lo compare it (o
the BSR model X-/0—a remote-control
system based on the carrier-current meth-
od. A transmilicr superimposes a high-
frequency signal onto the AC power lines.
That signal contains information that is
decoded by the receiver module. There
are many advantages to using camier-Cur-
rent communications. First. the wires are
already there—there is no nced to drill.
cover. or hide the wires around the home.
Sccond. the system is highly portable—
because there are no wires, il is not built
into your existing location. Another ad-
vantage is that the system is popular—
Radio Shack. Heath, Scars Roebuck, and
Advance Elccironics are amobg the
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FIG. 7—PARTS-PLACEMENT diagram for power supplyremote controller.

lurgest suppliers. The receiver modules
are inexpensive ($8-$17) and arc avail-
able for a wide variety of functions. Plug-
in modules (see Fig. 9), wall-mounted
switches, and dual owlets are the most
common.

There arc (wo basic types of receivers.
The lamp controller uses a Triac as the
control clement and ¢an regulate the AC
power into resistive loads up to 300 watts,
The appliance modules contain a relay
that ¢can be used 10 switeh loads that draw
up to |5 amps.

It should be notcd that this system does
not include “handshaking. ™ No response
from the receiver is expected; it cannot
indicatc that the message was received or
that the command was executed. The
transmitter simply transmits and assumes
that everything is all right. Because of
that. you should be very careful if you
plan o use this sysiem in any application
that requires high rehability. However, in
the home environment where the systcm
was designed to operate, it is as secure and
reliable as possible for the low module
coslt.

There are several possible problems
with transmiuing information over the AC
power lines. Frst. if you live in an apart-
ment complex. you may find that your
transmissions control Your neighbor's
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units as well as your own. But because
there are 256 unit codes available, a bit of
coordination will easity solve that prob-
lem. The second problem occurs when
attempting to iransmit from one branch of
the AC line 10 the other. When 230 volts
AC is brought int0 the home at the service
entrance, the home circuits are shared be-
tween the two phases. A transmilter on
onc leg may not be able o communicate
with a receiver on the other. Many times,
however, appliances thal are connecied
between the 230-volt phases will serve as
a high-frequency bypass path between the
legs. If a problem is encountered, 2 0. [pF
capacilor connected across the legs
should solve it. (The capacitor provides a
high-frequency bypass path around the
transformer to the other leg.)

We mentioned that the remote-contirol
systemn requires that the code transiis-
sion be synchronized to AC zero cross-
ing—the transmission must begin within
100 microseconds of zero cross. A data
“one” bit is defined as 3 bursts of 120 kHz
starting immexdiately afier zerocross. last-
ing 1.0 milliseconds. and spaced 1.6 ms
apart. A data “zero” bit is defined as no
tranamission of 120 kHz after zero cross.
Fig. 10 shows one cyele of 117-volts AC,
over which is superimposed firsta one and
then a zero. Notice that each bit of data is
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FIG. B—THE ASSEMBLED board. Note that ICS was nol instalied In the author's prolotype.

FIG. 9—THE BSR LAMP-CONTROL MODULE.
The house and unit codes are casily sal using
thumbwhee! switches.

sent during one-half AC cycle. Therefore,
the data-wransmission rate is 120 Hz.
Each message sent to the conlrol mod-
ule is made up of 22 bits of data as shown
in Fig. 11. That data is organized as fol-
lows: First a start sequence of L1.1,0 is
transmitted. (That takes two full cycles.)
Next the 9-bit address/command code 1s
transmitted. Following each transmitted
data bit, the compliment of that bit is
transmitted on the next AC zero cross.
The complete message, including the stant

i

t6m1 L

m s Im3

DATABIT« 1

}

DATABIT=8

=172 ACCYLL —1f2 AL CYCLE

FIG. 10—ONE CYCLE of & 60-Hz waveform
showing a superimpossd control signal.

sequence, takes 11 full AC cycles.

The 9-bit (18 bits if you include the
complements) data packet consists of 4
bits that determine the “house code” (A-
P) followed by 5 bits that contain either
the command or unit code. A typical con-
trol-command sequence consists of two
transmissions. First, for example, house
code M, unit 3is transmitied. That causes
all modules that are set to code M—ex-
cept for any modules sct 1o unit 3—lo
ignore the next transmission. {Of course,
any modules 1hat are not set to house-code
M will also ignore the next transmission.)
That next transmission would be, for ex-
ample, house-code M, ON. And module
3—which is the only module “paying at-
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tention™ responds by rning on.

Table 3 lists the house codes and Table
4 lists 1he command codes that are avail-
able in the system. Notice that if you
select house code M, the upper 4 bits arc
always zero. The data word transmitted
then consists of only the following 5-bit
word—ihe decimal value shown in Table
4. If you wish (o use other house codes.
simply form the 9-bit word by placing the
house code bits in front of the command
bits. We'll look at an example shonly.

The hardware required to transmit the
commands is surprisingly simple. The
AC zero-cross detector is already a part of
our system. The 120-k11z transmitier is an
inductive multivibrator that can be en-
abled with a TTL signal (BSEEX from pin
11 of SOS5). This muliivibrator consists of
4 open-collector inverters (IC1) con-
nected in an astable configuration. Each
stage is formed by paralleling two gates
for increased reliability. A fifth 1C inverter
is connecied in a negative-feedback con-
figuration, biased at the same level as the
mulavibrator stages to provide a siable
bias source. The multivibrator is control-
led through two additional {(open-coliec-
tor} gates connected to the inputs of the
astable gates. Those will ¢lamp the asta-
ble inputs to ground in order to disable the
oscillator.

The software required to drive the BSR
remote-control link is, unfortunately. not
as simpie as the hardware. Because of the
submillisecond timing requirecments,
BASIC cannot be used. However, the
transmitter driver routine has been incor-
porated inte the BASIC interpreter. (See
the Parts List for information on avail-
ability of the interpreter.) The command
“XMIT" eliminates &l of the inconven-
ience of developing and debugging a ma-
chine-code routing. For example, to tum
on unit 6, house code M, the proper se-
quence of commands is:

XMIT(18)

XMIT(S)

The first command alérts any units that are
set to house code M, unit 6. The second
command twms those units on. Just to
make sure you understand how to use the

TABLE 3

House Code D8 D7

POZETrRC—TOMMOODEP

L
1
2
e
4]
§)
1
1
1
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PARTS LIST—COMPUTER BOARD

All resistors ¥-watl, 5% unless other-
wise noted

R1,R4,R14-R18—1000 ohms

R2,R5.Ré6—user-determined. To be dis-
cussed nexi month

1K3,R11,R12—10,000 ohms

R7—680 ohms

R8—350 phms

R9—12,000 ohms

R10—2,000 ohms

RN1—4.7K X9 resistor nefwork

Capacitors

C1—user-determined. To be discussed
next month

C2—150 pF. ceramic disc

C3-C8,C11-C13,C16-C20—0.1 pF, ce-
ramtc disc

C9—0.001 uF

C10—27 pF

C14.C15—10uF, 18 volts. electrolytic

Semiconductors

IC1—ADCO0804 AD converter (National)

IC2,1C3—74L5541 octal buffer and line
driver

IC4—SN75478 seven high-currant
darlington drivers {Tl, also Sprague
ULN-2003, Motorola MC1413)

IC5—4051 B-mput analog multiplexer

IC6.1C7—74LS377 octal latch

1IC8—7415251 B-Input digital multiplexer

ICS-—Systern ROM. 2718, 2732, or 2764,
450 N5 maxwmurn access time

IC10.1C12—TMM 2016P-2 (Toshlba or
similar} 26K x 8 slatic RAM. 450 ns

IC13—Programmed EPROM {2716)

2 3
|

08 D8

|
07 07

|
I | |
pé D& los BE

7 1
o
b4 Dtio3 0302 5311 Bilos Ba

IC14—EPROM to be programmed

IC11—74L.5259 8-bit agdressable latch

IC15—74L 8373 octal latch

IC16—74L5139 dual 2-to-4 line decoder/
multiplexer

IC17—74L5832 quad or gate

IC18—808B8 MiCroprocessor

IC19—74LS04 hex inverter

IC20—74L 8123 dual one-shot

1,Q02—2N3904

Q3—2N3906

01,02, D4-DB—1N4148

D3—1N40M

Miscellaneous: IC sockels, PC board,
mounting hardware, etc.

The following are available from Vesta
Technology, Inc., 2849 W. 351h Ave,
Denver, COB0211: KIT 1—Kit ol all parts
needed to contrel 7 LS-TTL outputs,
monilor 7 Tnpuis, program EPROM's,
RS-232 serial port, and 2K RAM (does
nolinclude operating system—see be-
low), $99.95; KIT 2—Kit of all parts for
full-capachy 'O and 4K RAM {does not
Include operaling system—sec be-
low), 169.95; Operatlng systems con-
t1alned in ROM: BASIC | operating
system, $12.95; BASIC Ul cperaling
system, $29.95; Forth operaling sys-
tem, 579.95; Assembled, tesled, and
burned-in control computer with
BASIC Il operating sysiem, $279;
RS-232 cable, $24.95; 2716 EPROM,
$6.95. Add S6 for shipping, bandling,
and insurance.

1
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FIG 11—ONE TRANSMISSION consisis of m s1ar! sequence. m house code, mnd a Unit or command
code. (Remember—tha complele command transmisslon consiats of two separale trensmissionn; the
first ends with the unlt code, 3nd the second ends wih the command code.}
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PARTS LIST—POWER-SUPPLY/
BSR LINK BOARD

All resistors Ya watl, 5% unless other-
wise noted

R1,Rt9—200 ohms

R2.R7RB,R20—100 ohms

R3,R4.R11,R12,R15—1000 ohms

RE6.R10—4700 ohms

R9—1 ohm (a jumper works fine)

R13—10,000 ohms tnmmer potentiome-
ler

R14—15,000 ohms

R16—270 ohms

R17—10,000 ohms

R18—470 ohms

Capacitors

C1,C2—10 uF, 16 voits, electrolyhic

C3.C5—0.00 pF. ceramic disc

C4,C6—0.047 uF, ceramic disc

C7—10 uF, 35 voits. 1anialum

C8—.001 pF, cerarmic disc

C9—0.1 pF, ceramic disc

C10—0.14 to 0.47 pF. 150 vols, electroly-
fic

C11—3300 wF, 16 volis, electrolytic

C12—500 uF, 50 votts. efectrolytic

Semiconduciors

IC1—ULN2003 darllngton array
{Sprague)

1IC2—TL497 switching reguiator

IC3—74L.500 quad nanD gate

IC4—LM340-5 + 5-volt reguiator

IC5—LM320-5 - 5-valt reguiator

Q1—2N3904

Q2—2N3906

D01.03,05,06,010—1N4001

D2.04,07-D9—1M4148

T1—11Z22100 t:1:1 pulse transiormer
(Sprague)

T2—16 volts, center tapped, 0.4 amps.
{Signal ST-4.16 or similar)

St—normally open momentary pushbut-
ton swrich

Miscellaneous:line cord, prined-circuit

board, IC sockets, heat sink for requlator,

mounting hardware, ete.

The following are avallable from Vesta
Technology, Inc.. 2849 W. 35th Ave.,
Denver, CO 80211: Power-supply/BSR-
link ki, Including all components.
$59.95; Assembled, tested, and
burned in power supply, $109. Add S6
for shipplng, handling and insurance.

command/address codes. how would you
turn off house-code N. unit 6? If you
sludy Tables 3 and 4 and our discussion.
you should see that the commands

XMIT(151)

XMIT(135)
would do it. The first command sends the
house/address code 010010010 {15) deci-
mal) and the second command sends the
house/command code 0100/001i1. (135
decimal),

One final point that we should make
about the remote-control system is that it
is 8 low-powecr communications device
operating between 10 klz and 490 kHz
and is therefore subject 10 FCC regulation
part 15, paragraph 15.111 (Operation be-
low 1600 kHz) and 15.102 (Imerference)
which states: ““Notwithstanding the other
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Everylhing you need to know about 1o
day’s ¢ ter 3Cience and engineer-
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lean sigetwa Lo hardware selection
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2N Pl P STO5R Ol Py, 14995

INTUITIVE IC ELECTRONICS: A
Sopnisticated Primer for En-
Ineers and Techniclans By
. M. Frederiksen, 208 pp., ilfus.
Covering both the simplest and the
most complicated IC designs. Lhis
lively, easy-to-read volume provides
a sophlsticated, nonmathematical
explanation of the basic internal
mechanisms common to all semi-
canductor devices.
297230 Pub Pr 52695 Ciub Pr, $18.95

SIGMNALS ANO SYSTEMS. By A. Op-
penheim, A Witisky. s |. Young. 869
pp., mare than 350 illus, Presenting 2
Lomprehensive discussion of methods
for anabyfing discrete-tmme systems, this
D00k thoroughty integrates discrete- gnd
contnuous-time concepts. Covers un-
derlying theornes. and exprones resl-worsd
apphcations. Includes 8 ok at leed-
back, convolution. and cther Concepls
not treated in depth eisewhere

S82674-7 Pub Pr, 33250 Ciub Py 52595

RADIC HANDBOOK, 22/e. 8y W. O
1,136 pp, more than 1,300 itius.
Here's the 1atest edition of what i$ umi-
versally regarded a% the most useful rel-
erence in the mdustry. it's a “course”
i Communications. & 1acl-pached cel.
etence, and B how-10 puide—all N 3
single book!

S32442-5 Pob P, 31995 Ciub Pr. 53395

MICROPROCESSOR APPLICATIONS
HAMDBOOCK. Editor-in Chief, D. F.
Stout. 472 pp., 284 illus. Atlast —a
reference guide to microprocessor
applications to help you make your
systems timely. versatile. and
cost-eftective.

W17/940  Pub. Pr. $3995 ClubPr. 33145

MICRDPRDCESSOR AND MICRO-
COMPUTER DATA OIGEST. By W. H.
Buchsbaum and G. Wessenberg. 336
pp.. 93 block diagrams, 106 pin con-
frgurations. i you work with electromc
devices thal use MICATprOCESsOr OF mi-
crocompuler wnlegrated Cicuns. thn
much.needed contains al the de-
tailed technical data for every micro-
processor IC that s Currently listed as
a "'standard,"” aff-ihe-shell (lem

5620359 Pwb Pr, 52995 Clob Pr, 32254

VYLSI S5YSTEM CESIGN: when and
How to Cesign Very.Large-Scale
integrated Circults. dy 5. Muroga

496 p?.. Wus., ncludes seif.test prob-
iems. This bock Provides a strlight-tos-
ward explanation of how to design 1he
integrated Circwit chips that e Causing
s electromcs revoiution. It focuses
on every sigmificant aspect of LSIVLSI
system design.

582823-5 Pub Pr. 33485 Ciub Pr, 526.50
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1st selection!

Spectacularvalues up to $7990

PRACTICAL DIGITAL DESIGN US-
ING ICS, 2/€. 8y ). D. Greenfiels. 717
op., My, This revised and expanded
Second Edrtion of & popular guide shows
how to get the most out of a wide range
of popular wntegrated cwcuits. What's
more. f CONLMNS the specialized know-
how 100ay's designer needs to witerface
ICs wilh MICIOPTOC 55008

5820517 Pwb, Pr, 352595 Cib Pr. 51945

ELECTRONICCOMMUNICATIONS
SYSTEMS. By W D. Stanley. 566 pg.,
Mius. Emphasizing the signal-process-
ing functions of modulation and de-
moduiation opeaison, thys boak pre-
sents the assentidls of electironic
communic#ions i B logical, step-by-
step sequence

SO0 Pub. pr. 52435 Club Pr. 31995

ANALYSIS ANC DESIGN OF DIGI-
TAL INTEGRATEC CIRCUITS. By D.
A Hodges and B, G. Jackson. 448 pp.,
#us, One of the most Comprehensive
books m this Tiedd, the 15 2 valuable
woriung ool lor those who design ICs
as well as those who use them. 1113 the
only book now available that covers its
sublect from a Quantitative viewpomt.
291,535 Pub Pr. 33100 Club Pr, 52395

MODERN ELECTRDNIC CIRCUITS
REFERENCE MANUAL. Gy J. Markus
1,264 pp., 666 Circuit diagrams.
Comglete with values of COMPONents and
suggestions for revisions—plus the
onginal source of each cwcuit mn case
yOu wanl sddilonal Performance of
CONStruction detats.

A044El  Pub P, 57493 Ciub Pr. 337393

ELECTRONICS ENGINEERS' MAND-
BOOK, 2/@. Edited by D. G. Fink & D.
Christiansen. 2,272 pp_, 2,189 iius.
This updated and enlarged edition Cov-
ers all 1he latest knowledge in the field,
nciuding new advances i integrated
tirguits. Puised and IGIC Circuits, |aser
technology. telecommunications, and
much mare.

09012 Peb Pr, 579530  Club Pr., $57.58

CIGITAL CIRCLITS AND MICRO-
PROCESSORS. 8y H. Taub. 608 pp.,
heawnly llus. This fast-paced, Care-
fully written guide gives you thor-
ough explanations of &lf the hasic
rinciﬁle_s of digital systems and
ORIC deSign —plus a solid introduc-
tion to miCroprOCessors and micro-
processor-based designs.
§29455  Pub Pr. 33393  Club Pr. 32550
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INTEGRATED CIRCLNTS APPLICA.
TIONS HANDBOOK. 8y & H. Sed
man. 673 pp., Jus. This Handbook
presents information on everything from
TTL, ECL. MOS, and CMOS logic fam

tlies to semiconductor snd bubble
memories The emphass 15 on apph-
canom, with 2 mimmom of theory. The
maih used 15 essentially limiled to sim-
pée arrlhmetic and elementary aigebra.
552860-X Pob Pr, 51995 Club Pr. 32995

INTROCUCTION TO RACAR S5¥5S-
TEMS, 2/e. By M. I. Skolnik. 698
pp., 244 illus, This new edition of a
widely used text on radar from the
systems engineer's pont of wiew
brings you full discussions of the
many major changes thal have oG-
curred in the field recently.

1909 Pub Pr. WA0S83  Club Po 33100

CIRCUITS AND SOFTWARE FOR
ELECTRONICS ENGINEERS. By H.
Bierman. 352 pp., 200 dlus.. outsized
85 x 11 format, This collection of over
340 proven—reliable clecuils, com-
puter programs, lest melhods, #d de-
$ign tools heve been selected begause
ol the ingenious ways they adapt de-
vices to other uses,

152433 Pob Pr S350 Ciub Pr. 32195

HANCBOOK OF ELECTRIC POWER
CALCULATIONS. Ecited by A. Seid-
man, M. Mahrous and T. G. Hicks. 448
., 300 iius. Here are 285 tested and
praven procedures for handling the
electrle power problems most fre-
uenlly encountered in actual practice
Il fingd ingentous, lime-saving way
to calculate fuel costs. motor effi-
cienty, and power putpul.
560617  Pub. Pr. 31958 Club Pr. $29.95

STANDARD HANDEDCK FOR
ELECTRICAL ENGINEERS, 11/e_ 8y
D. G. Fink and H. Beaty. 2, 448 pp.,
1.414 iftus. Todey's most widely
used source of electrical engineer-
ing mformation and data serves
you as no olher singie work when
you need detailed. imely, and reli-
able facts .

208/14X  Pob. Pr, 37495 Db Po, $5395
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recent advances iy digital design tech-
niques am presenled here in depih, It's
both a text Covering basic concepis and
a practical guide to design techniques
for combinational, clock-driven, and
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requirements of Lhis part. the operator of a
tow power communication device which
causes harmful interference te an autho-
rized radio service, shall promptly stop
operating the device until the harmful in-
icrference has been eliminated. ™

The HO systems

Now that we have taken a look al the
power-supply board. we can retumn lo the
computer and discuss ils input and output
capabilities. (We briefly mentioned some
of those /O capabilities when we 1alked
aboul the remote-control system and the
RS-232 port.)

A computer's only link to the oulside
world is through its inputs and cutputs, If
we lake, for cxample. a personal comput-
er, the input is usually a keyboard and the
output device is usually & CRT screen. A
control computer's I/0 is oriented more
toward hardware. Individual lines can
sense external conditions while other
lines control external devices.

The number and type of those control
lines are very important specifications of a
control computer—ihey are what deter
mine whether or not the computer can do
the task that you have in mind.

A microprocessor interfaces with /O
devices in the same manner as it does with
memory: An address is sent out on the
address bus. data is transferred over the
data bus, and the contrel bus controls the
actual wransfer. In many systems, 1/0 de-
vices are treated exactly as memory. in
which case they are said to be memory
sapped. Memory mapping of 1O func-
tions may be done to save hardware (addi-
tional decoders). or it may be done
because the microprocessor has no provi-
sion for separate memory and ©0 space.

The aliermative to memory mapping is
{10 mapping, which our sysicm uses. In
that case, the control bus has an additional
line called 1/MEM that determines if the
data will be transferred between the mi-
croprocessor and Memory or between the
microprocessor and 0. The 8088 has an
10O space of 64K (which is equal to the
memory space of many microprocessors)

The various types of inputs and cutputs
are implemented with various types of
[C's that are enabled onto the data bus
whenever their address is present on the
address bus. We will decode the O space
in much the same way that we did for
memory. In fact we will use 1he other half
of the same |C (IC16-b, a 74L5139 dual 2-
10-4 line decoder/multiplexer) plus a few
additional gates. (Refer back to Fig. | in
the April issue of Radio-Electronics.)
The signal 10/MEM will be used to enable
that half of the decoder—that prevents an
IO device from responding to an address
meant for memory. We will use address
lines A4 and AS to sclect which of the four
outputs will be active {low).

Funther decoding is required to separate
the input devices from the output devices.

Two OR gates (IC17-b ICI7€) provide
that function for those IC’s that do not
have two ENABLE inputs. The memory
map that resuits from that decoding is
shown in Table. 3

Digital YO—bit-addressable

The inputs of a control computer are
used primanily 1o sense the status (high or
low) of an external device. Outpuls are
generally used to lum something on or
off. Bit-addressable /O allows us to acl
on or read only one bit of information—
that bit is isolated from all of the other
inpuls and oulputs. Although bit-ad-
dressable /0 is neither the simplest 1o
implement nor the most common type of
YO, it is. in mosl cases, Lhe easiest touse.

All we have to do to get our outputs is to
connect an addressable latch onto data-
bus line DO. By using ICI1. a 74L5259,
we can laich and output 8 individually-
addressable bits to the *“real world™.

Inputs are no more difficult than out-
puts. The hardware for bit-addressable in-
puts consist of a multiplexer (IC8—
741.5251) that selects the desired line that
will be connected to data-bus line D7. In
the case of both the input multiplexer and
the oulput laich, the address lines AOQ, Al,
and A2 are connected lo the address in-
puts of the IC.

Before we go any farther we should
remind you that the last bit-addressable
input and the last bit-addressable output
are used by BASIC for the RS-232 pont.
Do not change the stare of the output or
connect anvthing to the input if you are
using a terminal for contmunicarions.

A glance at the software required (o
exercise these ['O functions will give you
an idea of how easy it will be 1o start using
the computer. For example. to set the tirst
oulput high we simply execute the QUT
(pon.value) statement: ~OUT(@,1)."
That BASIC statcment outputs to /O lo-
cation @. the value 1. (Sce Table 5 for
other port “addresses.™) The latch will
hold that value on the output line. Read-
ing an input is just as easy. In this case we
must assign the result 0 a variable as in
the statement: “"LET A = INP(B) ™ Then
the status of the first input line. 1@ deter-
mines the value of A.

Note that the BASIC INP and OUT
statements are used instead of PEEK and
POKE. That's because we are exchanging
the data in the /O space. not in memory.

The output line of the multiplexer is

TABLE 5
Port Descriptlon
“Address™
-7 BIT-ADDRESSABLE, S04
16 8-BIT 1O - PORT 1, 502
a2 8-BIT 'O - PORT 2, 503
48 AD CONVERTER SO1

*PORT 6 IS USED TO ENABLE RE-
MOTE-CONTROL TRANSMITTER.
PORT 7 IS USED fOR R5-232 PORT.

WWWW americanradiohistorv. comm

connected to data-line D7, the Most Sig-
nificant Bit (MSB) of the data bus. Be-
cause of that. we Can check the state of the
input line with asingle statement that tests
whether the data on the bus is greater than
127 (or less than 128). If you wanted 1o use
data-line D@ (which is connected to the
inverted output of the muhiplexer) you
would have to mask off the unused bits,

At lasl we can starnt using our computer
for control. As a demonstration. let's con-
nect 7 LED's 1o the 7 outputs as shown in
Fig. 12. Also cunnect a singte, nortmally
open, pushbutten switch between the first
input, 1@. and 5 volts DC.

>
5

Y

566y 5602] 56CY s60y 5612 560 560
£ -4
L

A

G ffé‘/c PSP

olafolufelolo

Fi L 5

Icn
L5258

FIG. 12—TO TEST THE bit-addressable oulpwt
porl, You can use this simple circuit. H you In-
stalt ICA, then you Can tesl the oulpul st 20Cke!
S04, pina 1-7.

First we should initialize all LED's 1o
the off state (Rote that because the LED's
are connected to + 5, off is high).

WFOR1=BTO6

12 QUT{IL. 1}

14 NEXT |
Having turned all- of the LED's off, we
will wait umtil the switch is turned on
before going further:

20 LET [ = INF(Q)

22 [F 1 <120 6070 20
This will loop until the switch state is
turned “on™.

WFOR1=0TO6

32 QUT(1.9)

34 NEXT |
Those three lines will tum atl LED's on.

30 ROR J=0TO 50

WFRORI=GTO6

42 OUT(1.9)

44 QUT(L.1)

46 NEXT |

S0 NEXT )

60 GO TO 1@

Lines 30 10 60 will blink the LED's and
then return to the switch-monitoring loop.
The 7415251 can sink/source one LST-
TL load. If we are not concerncd too
much about the logic high or logic low
voltages, then we can sink or source many
times that amount. The practical limits of
the output drive capacity is limited to
coniinned on page 110
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In this article, we'll take a look at thermocouples, thermistors, piezoelectric crystals, and other
types of transducers. We'll also look at some technigues that will help you use transducers

more effectively.

ELECTRONIC MEASUREMENTS HAVE BE-
come a part of everyday life. [vean cven be
seen in your car. where micro-
processors—using elecironic sensors—
control fuel-injection and ignilion sys-
tems. Even your auto-exposur: camera
uses ¢leconic sensors. Electronic ther
mometers and weather stations are be-
COMming coOmmonplace. as are MicrOCcom-
putcr-controlled appliances. And those
are just a few examples of where rans-
ducers are used in consumer applications.
In science and industry, the need for trans-
ducers fur precision measurements. log-
ging. and automatic control also abound.

In this article. we'll take a look 3t some
of the most commaon transducers and their
applications. We’'ll see how they can be
used 10 measure (EMPeEralure. pressure.
flow. force. vibration, liquid level, con-
ductivity, and other variables.

Position measurement

The best known and understood posi-
tion ransducer (see Fig. 1) is the potenti-
omeier. Precision single-tum potentiome-
ters can provide aceuracy (linearity) io
0.5% and better, and repeatability to
0.1%. They are available with wirewound,
metal-film or conductive-plastic ele-
ments. Multiturn potentiometers offer the
same specifications: they are used for ap-
plications where rotation may exceed 360
degrees. Potentiometers are available
with different, nonlinear responses—
such as logarithmic and square-root.

Because of the potentiometer’s high
electrical sensitivity. amplification- and
readout-circuitry may be simple. or even
nonexistent. An ohmmeter maght be used
to read the potentiometer’s resistance di-
rectly—but that's not recommended.
While the potentiometer's lincaricy may

WwWww americanradiohistorv comm

HARRY L. TRIETLEY

FIG. t—THIS POSITION TRANSDUCER providas
B8 signal proporilonal 1o the extension ol & stain-
Izss steel cable.

be one percent or better. its end-to-end
resistance is typically within only +3 to
*10%. [ts comact resistance may add
further readout inaccuracy. A better ap-

proach is 10 connect 4 known voliage -

S RORI LW
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across the potentiometer and use a high
impedance voltage readout tg measure the
wiper position. By properly sclecting the
voltage. the output may be read directly as
inches, millimeters. degrees of rolation.
ete. Or. the voliage may be fed 10 an A/D
converter for computer input or data log.
ging.

Potentiometets are not limited to mea-
suring angular and linear position-—they
can be used 10 sense any variable which
can be comvried 1o position, For cxam-
ple. pressure often is scnsed by using a
bellows that is linked mechanically the
wiper of a potentiometer. A bimetallic
element will transform temperature 1o
position. while liquid level may be mea-
sured using a Aoar. Companies that pro-
duce such assemblics comnreially ofien
use custom-designed polentiometer ele-
ments rather than standard products.

Transformer transducers

Another widely uscd position (rans-
ducer is the Lincar Vanable Differential
Transformer. or LVDT. The LVDT is an
clectromechanical device that produces
an output proportional 10 the displace-
ment of a separale. movable core. It con-
sists of three coils around a cvlindrical
form. The primary is wound at the center
of the form. with u secondary wound al
either side. A free-moving 1od-shaped
core inside the coil assembly links the
primary’s magnetic Mux with the 1we sec-
ondaries.

Il the secondancs are connected series-
opposing, the net output of the LVDT will
he the difference between their voltages.
That voltage will be zero when the corc is
al the center, or null. position. When the
core is moved. the induced voltage in the
coil toward which the core moves in-
creases, while the opposite coil’s output
drops. As shown in Fig. 2, that produces a
differential voltage output that varies lin-
curly with changes in the core position.
the phase changing by 180° as the core
moves from one side of null to the other.

Straight-line LVDT'S with lincar travel
from under 0.1 inch to one-half or three-
quarters of an inch ure most popular, (see
Fig. 3) but devices with travel up 10 24
inches are available. Lincarines from 0.5
to 0.1% arc normal, Units that operate
from 115 wolts at 60 Hz arc available, but
operating frequencics from 1 to 20 kHz at
one to ten volis are more common. Aver-
age sensitivity for cach 0,001 inch travel fs
a few millivolis {per volt of input). but
long-travel units arc less scnsitive.

An LYDT may be read out by con-
necting its secondaries series-oppasing
and measufing the output AC voltage.
That’s Jess than ideal, however, for several
reasons. First, the AC readout will read
upscale regardless of which direction the
core nioves. Second. even when the core
is at the center position. the output will
not be zero—there will be a residual.

VOLTAGE
our

50 !I}U
CORE POSITION
‘r". NOMINAL RANGE)

-

EXTENOED

EXTENDED

AANG RANGE
REDUCED REDUCED
LINEARITY LINEARITY

FIG. 2—AN LVDT produtes & voltage dutput as a
lunction of the core position

FIG. 3—AN LVDT. Nole the separate, fres-mov-
ing €ore.

phase-shified null signal. Another prob-
lem is that the outpul sensitivity may
change with tlemperature due to changes
in the resistance of the windings,

The circuit shown in Fig. 4 solves those
problems. The secondaries’ outputs are
rectified. filtered and fed o an amplifier
that responds to their difference (a dif
ferential amplifier). The outputs are also
fed to a summing amplifier that controls
the amplitude of the primary voltage
source, As the core moves toward second-
ary | or 2, that secondary’s output in-
creases while the other drops. The
differcntial amplifier responds 0 both
magnitude and direction: also. the ampli-
fier's output at null is zero. Meanwhile the
summing amplificr sces a constant signal,
since the increase in ane oulput exactly

AC
SOURCE =
\\, ;
1 é:
= 1
%']_% OUTPUT

DIFFERENTIAL
AMPLIFIER

‘T\
4 Bl
AMPLITUDE L3l
CONTAOL =
Trw
SUMMING
AMPLIFIER

FIG. 4—THIS LVDT circuit provides a linear,
bidlreclional. regulated readout o core posi-
tion.
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matches the decrease in the other in the
linear region. If temperature or other in-
fluences affect the primary-1o-secondary
ratio. feedback alters the AC source 1o
compensate.

Although LVDT’s require a bit more
circuitry than potentiometers. they re still
relatively straightforward 10 use and offer
good sensitivity. Being essentially fric-
tionless they offer long life and excellent
resolution and repeaiability. LVDT's with
built.in oscillator and amplitier circuitry
are available to provide DC-in, DC-out
operation.

Like potentiometers, LVDT's are used
o sense pusition. pressure or any other
viriable which may be transformed into
position. Also like potentiometers.
LVDT's may be custom designed for spe-
cific applications.

Straln gages

The strain gage is a simple. no-moving-
parts device thal transforms strain, force,
or pressure directly into electrical resis-
tance. To understand its operation, con-
sider stretching a length of wire, As it is
stretched. its length will increase and its
cross-sectional area will decrease. There-
fore us resistance will increasc. If the wire
isn’t streiched toe far (past its elastic lin-
i), it will recover. Thus we have i trans-
ducer that provides & resistance that goes
up or down with applied strain.

Most strain-gage clements cansist of
ciched nictal foil or wire arranged in a zig-
zag pattern for maximum sensitivity. Fig-
ure 5 shows two examples. The foil usu-
ally is bunded 10 a high grade plastic or
other flexible film and etched, much like a
fiexible circuil board. Wire may be sim-
ilarly bonded oc il can be streiched un-
bonded between support points.

Many conductor alloys and backing
materials ure available {depending on the

M
L

JU

4 b
FIG. 5-STRAIN GAGES can be made from foll
{88 in a) or from wire (aa in b)

sensitivity and lemperature range re-
quircd) Silicon strain-gages, which ex-
hibit much higher sensitivity (typically
thirty times that of wire or foil) arc also
available. Unfortunately they also have
higher iemperature coefficients and more
limited tcmperature ranges. requiring
care in application.

Strain gages usually are connected in a
Wheatstone-bridge configuration such
that the bridge imbalance varies with
strain, Since the sensor’s resistance is low
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and changes generally less than a percent
with strain. the bridge output is small.
Amplifying electronics must have high
gain and good DC stability: High-grade
op-amps of instrumentation amplificrs are
normally used. Alternaely. the bridge
may be excited from an AC source. using
AC amplification followed by phase-sen-
sitive demodulation for measurement.
The bridge voltage should be kept low to
minimize ermors (resistance shift) due to
resistive heating of the sensor.

Achieving precision results with strain
gages requires a fair degree of mechanical
sophistication. Electrical sophistication
also is needed: for cxample, look at Fig.
6. That sysiem uses lmperaiure-sensitive
resistors (R (1 and R;2) to compensate for
changes in zero and sensitivity caused by
temperature changes. Fixed resistors (R]
and R2) are used to 1rim sensitivity and
zero. Temperature-retaled crrors are
caused not only by the strain gage ele-
ments. but also by mechanical expansion
;nd contraction of the measuring assem-

ly.

Strain-gage resistances usually are low
enough (typicalty 350 ohms} thai the re-
sistance of the leads between the repulator
and the bridge have to be considered. (The
resistance of the leads can lower the
bridge voliage, reducing ils sensitivity.)
When long lcads are necessary. errors
may be eliminated using a four wire reg-
ulator. Such u regulator uses an extra pair
of wires to sense and control the regula-
tor's outpul directly at the bridge’s input.
This is not necessary if long leads are not
used.

Many companies offer a wide vanety of
strain-gage load-cell assemblies for force
and weight measurement. and pressure-
sensor assemblies 1o measure liquid and
gas pressure. Examples are shown in Fig.
7. Typical specifications for such assem-
blies include 350-ohm bridge resistance,
10-volt maximum excitation. 0.1 to 0.5%
nonlincarity. and a full-scale sensitivity of
2 or 3 millivolts per volt of excitation.
Load capacities range from a few pounds
to a hundred tons or nwore; similarly, pres-
sures from a few (o hundreds of thousands
of pounds per-square-inch may be meca-
surcd. Such devices ane used t0 micasure
weight. fullness of a bin (using the weight
of the bin). liquid level {using fluid pres-
sure at the bottom of u tank). barometrie
pressure. and many other variables.

The tlow rate of liquid or gas is also
measured using strain gages (or. for that
matter. any other pressure sensors). By
placing a restriction in a pipe (as shown in
Fig. 8) and measuring the pressure drop
across it. the flow velocity may be deter-
mined. The most common restriction is
the orifice plate. a thin mcetal plaic that has
an opening that’s smaller than the diame-
ter of the pipe. Pressure-measurement
laps. at precisely located points above and
below the plate. are connected to an as-

LOAD CELL ASSEMBLY
REGULATOR

-d— +VOLTAGE
«——{ +SENSE

-¥OLYAGE

’—— - SENSE
|

UTPUT

DIFFERENTIAL
AMPLIFIER

——m e m ==

|
|
FIG. 6—A COMPLETE STRAIN GAGE bridge
compensates for temperalure shifls In Zero and

sensilivity. A four-ware regulator g used Lo com-
pensale tor lead-wire resistances.

Fit. 7—STRAIN GAGE load cells and pressire
sensors are available in @ wide variety of contig-
urations. some of which are shown here.

ORIFIGE OIFFERENTIAL
PLATE PRESSURE
CLAMPED CELL
BETWEEN

PIPE
g ”’ FLUKD FILLED
FLANGES PRESSURE TAPS

FLOW

|

DISTANCE

FIG. B—PLACING A RESTRICTION In 8 pipe
causes 8 pressure drop thal can be used to
measure flow.

sembly designed to measure differential
pressure. With such an arrangement the
[low rate is proportional to the square root
of the pressure difference. requiring a
square-root amplifier in the elecironics.
There are other arrangements that are
also used to measure flow rates. For exam-
ple. the pressure difference between the
inside and outside radii of an ¢lbow-
shaped band in the pipe can be used to
calculate the ralc of flow. For large, open
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streams. the liquid height behind a spe-
cially-shaped notched dam known as a
weir is used. (The relationship between
height and flow depends on the shape of
the notch. but is not linear.)

Plezoelectrics

Quartz and other natural and manmade
crystals generate a small voltage between
their opposite sides when stressed. There-
fore they're idcal for making force and
pressure measurements. (Microphones
and phonograph canridges are examples
of other ways that effect is used.) Al-
though useiess at DC. such devices are
SUpeHor 1o sirajn gages for measuring
high-frequency vibrations or impulses
with fast risetimes.

Piczoclectric crystals are pot con-
duetive: they act as a high impedance AC
source. More precisely, they act as an AC-
voltage source in series with a small ca-
pxcitor. A change in the voltage, AV,
causes a small charge. AQ. 1o flow on or
of { the plates of the capacitor. Qutputs of
piczoelectric transducers are gencrally.
specified as picocoulombs per unit force
(for example, picocoulombs per psi).
Voltage amplifiers for piezoelectric rans-
ducers must have a very high input imped.-
ance (just as amplifiers for microphones
or phono pickups must), The capicitive
loading due to nput cables can become 2
problem.

A circuit that minimizes those prob-
lems is the charge amplifier shown in Rg.
9. In that circuit, an op-amp (or other
high-gain, high-impedance inverting am-
plifier) is provided with Cp , a negative-
feedback capacitor. The high negative
feedbuck holds the voliage at the input (o
ncar zero—nearty all the charge from the
transducer flows onto C¢ . Also, since the
input voltage is zero. the cable capaci-
tance stores no charge, and so causes no
erTors.

C¢
PIEZDELECTAIC Ay
SENSOR R
i T
[ v v
L ouTpUT
[t [ _l_
| _— : 2
i
| |
|
R

FIG. 9—A CHARGE AMPLIFIER completely
transfers the plezoselectric sensor's AC charge
output signal to the feedback capacilor. produc-
ing & proportional AC output voltage. The leed-
back resisior (which should be large) stabilizes
the OC cutpul level.

The voliage on the feedback capacitor
is given by AV =AQ/C. Therefore the
charge amplifier's output is 1/C volts per
coulomb. This output is directly propor-

3 +8AL AvWL
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tional to the AC force or strain on the
piezoeleciric crystal. The design of a sail-
able amplifier involves a IradeofT between
using a large feedback capaciter {for high
negative leedback) and using a small ca-
pacitor {for high gain.)

Accelerometers can be made by con-
necting a mass to a piezoelectric crystal,
Any change in velocity causes the inass to
push or pull on 1he erystal. producing an
output proportional to the rale of accelera-
tion. Accelcromerers are used © study the
vibralion and shock response of mechan-
ical designs and lo measure shock, accel-
eration and vibration in engines and
vehicles. They also are used to monitor
seismic vibrations as well as the vibra-
tions of structures such as bridges. A crys-
tal may also be mounied directly berween
an object under 1cst and the point of im-
pact to measure peak forces during impaci
testing. The crystals themselves are faitly
rugged and capable of withstanding high
pcak loads.

Piezoclectric sensors are cspecially
valuable in measuring explosions, blasis
and pressure surges. Depending on their
design. response times Io one microsec-
ond are possible. Applicatiens include
gun and ammunilion tesling, engine-cyl-
inder and even atomic-blast measure-
ments. Industrial measurements range
from plastic injection molding pressure to
the impacl force of punch presses.

Tempeérature measurements

Perhaps the most common uscs for
trunsducers is 10 measure emperature,
Electronic temperature-sensors fall into
three classes: resistive (thermistors and
wirewound). thermocouples. and inte-
graled cirguits.

The resistance of both thermistors and
wirewound sensors changes with tem-
peralure—bul that's where their similarity
ends. Thermistors are highly sensitive
(typically 4%/°C). nonlincar devices with
negative temperalure coefficients and a
narrow range. Wire wound sensors are
less sensitive (typically 0.4%/°C). fairly
linear. have positive temperature- coeffi-
cients. and are wider-range devices.

Thermistors

Thermistors are formed by mixing to-
gether various powdered metal-oxides.
forming them into desired shapes. and
firing them at temperatures around
1000°C {1832°F). They may be formed by
pressing the powder into discs. washers,
rods. squarcs. sheets. or other shapes be-
fore firing. Another method is to dip plati-
num-alloy wires into # slurry of the oxides
and fire directly to form small beads. The
oxides form a semiconductor material
whose resistance decreases as tempera-
ture goes up. An almost limitless variety
of sizes. shapes and tolerances are avail-
able. with resistances at room tempera-
ture runming from 100 ohms to a megohm.

Small discs and beads are commonly
used for precision tcanperaiure measure-
ment. Discs. generally under 0.1 inch in
diameter. may be ground to a precise re-
sistunce and are available with accuracies
up 10 +0.i°C or better. Since their con-
struction usually involves soldered con-
nections and epoxy coalings, their service
temperatures ofien are limited 10 150°C
(302°F) o1 less. Glass-encapsulated discs
are available for use at higher tempera-
tures: they provide superior stability plusa
herinetic seal. Bead thermistors muy be
much smaller and gencrally operatc at
higher temperatures. Because of their
simall size and method of construciion.
they cannot be ground to tolerance. (Se-
lected or matched units may be ordered,
however.)

Designing with thermistors is ¢asy be-
cause their high sensitivity means ihat
precise measurements may be achieved
using ordinary components. At 4% per-
degree. a one-percent crror is eguivalent
toonly 0.25°C. Figure 10 shows two basic
circutts: a Wheaistone bridge and a paral-
lel netwark. The bridge provides an out-
put thal increases with iemperatare. while
the parallel network’s resistance de-
creases wilh an increase in temperature.
When designing thermistor circuits. the
power dissipation should be kept low (0.1
mW’ or less) 10 avoid self-heating errors.

Y
Ld
o
-

FIG. 10—THERMISTOR CIRCUITS. The Wheal-
sione bridge output Increases with temperature.
while® the resistor natwork's resistance de-
creasey.

The bridge may be made to read tem-
perature diffcrentials by replacing R2
with a second. identical precision ther
mistor. Such a circuit is useful for measur-
ing heat-exchanger or solar-collector
performance or for measuring the dif-
ference between 8 wet- and dry-balb ther-
mometer.

If the circuits in Fig. 10 are changed by
adding a series resistor-thermistor com-
bination in parallel with the thermistor,
then the bridge and the parallel network
may be made to provide linearity to (0. 2°C
and berter over emperature ranges as
wide as 100°C. Calculation of the best
combinations of resistors and thermistors
is not easy, but some thermistor manufac-
turers offer presclected component sels.

Thermistors afien are mounted in probe
assemblies or other housings for protec-
tion. Figure 11 shows & variety of assem-
blies such as sheathed probes, surface
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FIG. 11—THERMISTORS AND OTHER tempera-
ture sensors are availabie In a wide variety of
sensor assemblies.

mounts. thermistors mounted in screw
heads ete.

Thermistors offer a variety of uses be-
sides temperature measuremeni. They
ofien are used as temperature-compensat-
ing compancnts in electronics. One ex-
ample is compensating the temperature-
induced changes in a copper meter-coil.
Large. nonprecision thermistors are used
as current-inrush limiters {their resistance
drops as the cumeni heats them up).
Large. washer-shaped thermistors moni-
tor temperature in such applications as
motor overiemperature protection,

Resistance thermometers

Resistance thermomelers generally are
made of 3 length of fine-guuge wire
wound on a ceramic (or other insulating)
support. Surface-temperature sensors are
made of wire or foil sandwiched between
flexible plastic films.

Platinum is the most common metal
used. but many sensors use nickel. cop-
per and other metals. {(Platinum need not -
be expensive: a typical element uses only
20 inches of 0.001 inch diameter wire.)
International-standard (DIN. IEC.
ASTM) platinum sensors have a resis-
tance of 100 ohms at 0°C and 138.5 ohms
at 100°C. Common temperalure ranges go
down 10 = 200°C {— 328°F) and up o
between 500°C and 800°C (932°F and
1472°F). with a tolerance of =0.25°C a
zero. Other resistances, ranges and toler-
ances are available. Wirewound sensors
generally are cylindncal. under 0.1 inch
diameter, one half to one inch Jong.

Resistance thermometers have & fower
sensitivity and lower resistance than ther-
mistors. For example. 100-ohin platinum
sensors change by 0.4 ohms per degree
C—one ohm equals a change of 2.5°C
(4.5°F). Therefore the lcad wires or cables
used with them can introduce appreciable
errors. Te avoid those errors it is common
1o use readout circuits which either ignere
or compensate for lead resistance. Figure
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12 shows one such circuil. which requires
four interconnecting leads. [n that eircuit.
a constant current is fed through one pair
of leads. und the voltage drop across the
sensor is read via a second pair. The ener-
gizing current does not flow through the
measurement leads. so the readout sees
only the [ X R volt drop across the sensor
itself.

Figure 12 also shows a method of com-
pensating for the nonlincar temperature
response of platinum. (Platinum’s sen-
sitivity drops slightly at higher tcmpera-
tures.} A small amount of positive
fecdback causes the current source (o in-
crease al higher iemperatures, offsetting
the drop in sensitivity. With proper de-
sign, linearity as good as =0.1% from 0
to S00°C is possible. This method does
not necessarily work for sensors other
than platinum.

Resistance ithermometers are widely
used for the measurement and control of
chemical. refinery. food and other man-
ufacturing processes and in precision lest-
ing of jel engincs, large diesels, etc.
Platinum offers (he best precision of any
clectronic temperaiure sensor. with sta-
bility and repeatability betier than
*0.1°C after use m 500°C (932°F) and
beyond. They are available in most of the
same assemblies shown in Fig. 12, but are
generally enclosed in sheathed probes.

Thermocouples

A thermocouple is nothing more than
two dissimilar wires joined togcher. It is
based on the principle that if two different
metals are joined together, they will pro-
duce an outpul voliage that 1S dependent
on the temperature of their junction. Over
the years. specific wire pairs have become
standardized. with published voltage-vs .-
temperature tables and agreed-upon letter
designations. Types ). K. T, and E desig-
nate various combinations of chromel.
constantan. iron. alumel and copper.
Among them Lhey cover the temperature
range from — 200°C ( — 328°F) to 1250°C
(2282°F). Types R, S and B use combina-
tions of platinum alloys to cover tempera-
tures up to 1800°C (3272°F). All seven

¥ CONTROLLED
CURRENT
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- Vou-r
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FIG. 12—FOUR-WIRE MEASUREMENT eilmi-
nales MTOCR due to lead resisiances when mea-
suring with ATDR. A small smounl of positive
feedback compensates 1or sensor nontinearity
when using platinum RT{re.

PPER
< [TOMICADVOLT
= COPPER - [READOUT

L e — -y LOFPER 5
THERMDCOUPLE
- LIOUID-FILLED
-~ GLASS TUBES
ICEMHATER
BATH 0°CH

THERMOLOUPLE WIRES
SPLICED T CEPPER
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FTG. 13—THERMOCOUPLE COLD JUNCTHONS must be kapl al a consiant temperature.for correct
readings. Elscironic temperalure-compensation could atso be used.

TRANSDUCER MANUFACTURERS

This list does not pretend 10 be complata,

Each manufaciurer tsted makes a variety
of fransducers.

Analog Devices
PC Box 820
Norwood, MA 02062

8LH Electronics
42 Fourth Ave.
Waltharm, MA 02254

Bournes Insirumeants
6135 Magnoia
Fiverside. CA 92506

Celasco

7800 Deenng Avenue
PQ Box 1457

Canoga Park. CA 91304

Entran Devices
10 Washingion Ave.

Fairhetd, NJ 07006

Fenwall Electronics
63 Fountan Street
Framingham. MA 01701

Gould Inc., Measuring Systems
2230 Sialham Bivd.

Oxnard. CA 93030

Micra Switch

11 W. Spang St.

Freeport. IL 61032

Schaeviz Engineonng
130 Union Ave. .
Pennsauken, NJ 08110

Sensym
1255 Reamwood Avenue
Sunnyvale. CA 34089

Weslon Instruments
Div. of Sangamo Weston, Inc.
614 Frelinghuysen Ave.Newark, NJ 07114

Yeliow Springs Instrument Co.
PO Box 279
Yellow Springs. OH 45387
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conform o tables developed by the Na.
tional Bureau of Standards. and are cov-
cred by specifications issued by the
Amcrican National Standards Instituie
(ANSI) Other types of thermocouples are
in use and may be covered by future stan-
dards.

Thermocouples lack the sensitivity. ac-
curacy. and stability of resistance ther
mometers or precision thermistors. They
are usable a1 much higher emperatures.
however. and are much more versatile
with gencrally kower cost. Types LK. T
and E have sensitivities around 40 to 60
microvolts per “C while the platinum cou-
ples (R. 8. and B) trade lower sensulivity
{8 10 12 WV/C) for higher temperature
use. Response is roughly lincar. Standard
accuracics are around =2.2°C or
+0.75% of the tcmperature being mea-
sured. whichever is greater.

Thermocouples present a unique read-
out problem in thal their connection to
copper Circuitry creates additional cou-
ples. Known as cold junctions, lhose con-
nections produce additional voltages that
vary with temperature. The actual readout
will be the difference between the mea-
sured lemperatare and that of the cold
junchions.

In the laboratory. the cold junctions
mizy be held in an ice bath as shown in Fig.
13. Published thermocouple tables as-
sume that the cold junction temperaiure is
0°C. In test or control systems thal con-
tain many thermocouples. il is not un-
common for all 1he cold junciions to be
placed in a constant-lemperature heated
biock. Mosl modern instrumenis.
however. include “cold junction compen-
sation” using a thermistor or semicon-
ductor sensor to automatically offset the
cold junctions' voliages.

continued on page 99
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CIBCUITS

A look at the inverting
follower, and some common
op-amp problems and their
solutions.

JOSEPH J. CARR

ational amplifier Circuits.

world.

feedback resistors.,

ohms.

BADIO-ELECTRONICS
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of simplified circuit analysis.

Part 2.5 oo

operational amplifier, and two other types
of linear amplifier IC's. the CDA and
OTA. This month. we will discuss the
basic inverting follower, and how o solve
some of the basic problems found in opes-

First, though. let's review the basic
properti¢s of the op-amp. There are six of
those: 1. Infinite open-loop (i.c. no feed-
back) gain. 2. infinite input impedance,
3. zero output impedance, 4. zero noise
contribution, $. infinite bandwidth, and
6. both inputs stick together {we'll see
what is meant by that in a moment). Of
those. properties |, 2, and & are the most
impertant to our analysis. Let’s review
these and sec how they relate to the real

"Infinite open-loop gain® refers (o the
gain with no feedback. In real devices the
“infinite” isn’t quite realized. but “very,
very high™ gain is common. Typical real
open-locp gain values range from 20.000
for low-quality op-amps 1o over 1.000.000
for premium devices. It is the extremely
high open-loop guin that makes it possi-
ble to set operating gain by manipulating

*Infinite input resistance™ again trans-
lates in reality to “very, very high.” Al-
though maost common devices have input
resistances (Z,,) values of around |
megohm. there are MOSFET-input de-
vices (for example. RCA CA3140) that
have input impedance values of 1012

A result of the “infinite" Z,,, is that the
op-amp input will nelther sink nor source
current. That fact is critical to our method

Designing wi
Linear IC's

Qur last property staies that op-amp
inputs "stick together.™ Thai means that
the two nputs must be wreated as if they
were both at the same potential. If we
apply + 1 volt to the noninverting input,
then we must treat the inverting inpu as if
it were also ata potential of + 1 volt. That
property is not just true in theory. but can
be observed on the bench using real op-
amps. real signal sources, and real volt-
meters.

The inverting follower

The invening follower (Fg. 1} produces
an output signal that is 180 degrees out of
phase with the input signal.

The signal is applied to the inverting
input: the noninverting input is grounded.
Grounding the noninverting input places
it at zero petential. By ideal property 6,
therefore, we must also treat the inverting
input as if it is grounded. That situation
results in a confusing concept known as
the virtual ground. The inverting input is
not physically grounded by a picce of
wire. but will be at zero potential i.¢.
ground potential. because the noninvert-
ing input is grounded. Thus. we must
make calcuiations based on the assump-
tion that point A in Fig. | is grounded.
That point is called the summing junction
for reasons that will shortly be evident.

The currents ai the summing junction
are 11 and 12; 1, might exist in real op-
amps. but is zero in our ideal model.
Since only two currents exist. we know by
Kirchoff's current law (KCL) that

H+12=0 {1)

b -12 {2)

So. what do we know about 11 and 127
Since point A is virtually grounded. the
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FIG, 1—THE INVERTING FOLLOWER produces
an output that is™80° oul-0f-phass with the In-
put.

following are true by Ohm's law:

1 = VR (3)
and.
I2 = Vo/R2 {4)

By substituting equanons 3 and 4 into
equation 2 we obtain the following:

ViRt = ~Vo/R2 {5

The 1ransfer equation of any circuit tells
us the gain of the circuit. and that gain is
equal Lo 1he quotient Vo/V : solving § for
VoV, yiclds

VoV R2R1 {6

You will sometimes see Vo/V, denoted by
Ay. which means “voltage gain,” The
altemmate forms of equation & are, there-
fore:

Ay = —R2R1 {7
Vo = Vi {~R2/R1) (8)

and.
VO VIAV (9]

Equations 6 thru 9 are all variations on
the same thcme. and should be memo-
rized if you plan to do a lot of op-amp
work in the future (it will save you a lot of
trouble ).

The above arithmetic implies that we
can set the voltage gain of the nverting
follower by setting the ratio of R2 1o R1.
Note that the absoluie values of the resis.
tors are not important. only their ratio.
Let’s look at a simple example. Suppose
we require an amplifier with a 10-kifohm
input impedance and a gain of — 56. Let's
find appropriate values for R2 and RI.
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Since point & in Fig. 1 is grounded. the
input resistance is simply R1. By specify-
ing Ry, we set R1 at the same value.,
namely 10 kilohms. By equation 7. then:

~56 = = A2{10K) (10}
R2 = (56)(10K) (1)
R2 = 560K (12)

There are certain constraints on per-
missible values for R (especially} and R2
{in some cases), Recall from above that R
determines the input impedance. A com-
mon design rule states that an amplifier’s
input impedance must be at least ten times
the outpul impedunce of the preceding
stage. If the preceding stage has an output
impedance of, say. 100 ohms. then Rl
must be [.000 ochms or more. That ¢on-
straint is not usually important if the sig-
nal source is another amplifier or some
other clectronic source. [1 becomes crit-
ical. however, when the signal source is a
transducer. medical electrode. or a chemi-
cal electrode. A certain thermistor trans-
ducer has a nominazl source resistance of 5
kilohms. so for use with that device. R1
must be 50 kilochms or higher.

There is no theoretical constraint on the
values of R2 in ideal op-amps. In real
devices. however, current |, (see Fig. 1) is
not zero, 50 il will ¢reale a wltage drop
across Rl and R2. That woltage drop is
reflected as an error term, and is directly
proportional to Rl and R2. As a result,
when using most common op-amps, use
the minimum values for RI and R2 per-
missible within the limfis allowed RI by
the ten-times rule. An exception to that
rule is seen on normally high-Z devices
such as the 725, BiMOS devices such as
the CA3I40. or BIFET devices. Those
‘op-amps have such low I, values that al-
most any obtainable resistance is practical
for R2.

The bypass capacitors on the power-
supply lines in Fig. | are used to improve
the stability of the circuit. Those capaci-
tors are not needed in all cases, especially
where unconditionally siable devices (the
741 or 1458, for example) are used. In
those devices. the inherent stability is
achieved by artificially reducing the fre-
quency response to less than 10 kHz.
Those devices are called frequency-com-
pensated operational amplifiers.

On non-compensated op-amps. we
may require the capacitors. The polarized
units (CL. C2) are for low-frequency de-
coupling, but are ineffective at higher tre-
quencics {a problem with tantzlum units).
We therefore must use the 0.1 uF units
(C3. C4). In many cases, onty C3 and C4
are required. and in all cases must be
placed as close as possible to the body of
the op-amp.

Op-amp problems

The ideal op-amp of our model does
not exist. All real op-amps have certain
problems thal must be solved.

One irksome problem is output offset-
voltages; that is. an output potential that
exists when Ve, should be zero!

A common cause of ourput offset-volt-
ages are input offset currents. Those cur-
rents exist in real op-amps (remember, L,
is not zero). and are due to bias currents of
the input trynsistors. Figure 2 shows a
method for suppressing the effect of the
currents. In that circuil, a compensation
resistor (R3) is used between the non-
inverting input and ground. The value of
R3 should equal the parallel combination
of Rl and R2. For example. assume Rl =
10 kilohms and R2 = 100 kilohms: R3
should be

-+ A3 = (RAIXR{R1+R2)  (13)
R3 = (10K x 100K)/(10K +100K) (14)
R3 = 91K (15)

The effect of R3 is to develop a voliage
drop (152 X R3)equal to the woltage drop
created by L) passing through R1 and R2,
The assumption is that I} and 1,2 are
approximately equal. Since the two equal
voltage drops are applied to differential
inputs, they will cancel cach other thereby
climinating the output offset potential.

Not all offsets are so easily trimmed out
of the circuit. The method of Fig. 2 will
not affect some forms of op-amp offset,
and can not deal with DC offset voltage
riding on the inpul signal. For those cases.
the methods of Figs. 3 and 4 are required.

The method shown in Fig.3 is used
when the op-amp has a pair of offset ter-
minals {often pins ] and 5, or | and 8). A
ttimmer potenliometer is connected
across the offset 1erminals. and its wiper
is connected {usually) to the negative
power supply.

Not all op-amps have offset terminals,
S0 we must sometimes use the “univer-
sal” circuit shown inFig. 4. That circuit is
usable regardless of whether the op-amp
has offset terminals. or not.

The technique illystrated in Fig. 4 uses
a potentiometer (R4) and resistor (R3) to
inject & countercurrent into the summing
junction (point A) of a magnitude and
polarity sufficient 1o cancel any output
offser. The voltage at point B is set (o
exaclly counter the offset potential. The
“gain” seen by this voltage is approx-
imately equal 10 — R2/R3. Adjustment of
R4 is made with ¥V, = 0; that is. with the
input shorted to ground.

There are several tactics that can be
used to make the control over the offset
finer. We can, for example. make R4 a
ien- to twenty-tum trimmer potentiome-
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FIG. 4—IN CASES WHERE the op-amp has:no
altsel Wwrminala, thia "universal” clreuil can be
used

ter, thereby reducing the change in offset
per tum. We could also increase the value
of RJ so that any given voltage at point B
produces a smaller change in offset volt-
age. We could also use one of o number of
techniques to reduce the volitages avail-
able to the potentiometer. and thereby
create a smaller change of voliage per
turn.

The frequency response of op-amp ¢ir-
cuits must sometimes be trimmed to
something less than its *wide open™ val-
uc. There are at least three reasons for
tailoring the bandwidth of a circuit: noise

FB6L AV

o
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reduciion {noisc is proporional 1o band-
widih). customized requirements (for ex-
ample. a communications bandwidih of
300-3000 Hz). and prevention of oscilla-
1ion.

Oscillation in any circuit occurs when
the feedback is in-phase and the loop-gain
is unity or more, Recall thail a phase shift
of 360 degrees constitutes “in-phase’™
feedback. The inverting follower nor-
mally produces 180 dcgrecs of phase
shift. Additional phase shift occurs in the
cireuit due 10 resistance and stray capaci-
tances. There may be some frequency.
typically a high one, where that “stray™
phase-shift adds up to 180 degrees. which
when combined with the 180 degrees in-
herent in inverters. produces 360 degrees.
If the frequency at which that occurs is at
a point where the op-amp gain is unity {1}
or more. then the “amplifier™ will oscil-
late at thai frequency. The ircuit designer
mast take steps o ensure that the gain
drops nff to less than unity at some fre-
quency below the frequency at which 360
deprees of phase shifi occurs. Figures 3
and & show methods for accomplishing
that.

The method shown in Fig. 5 is
simplicity itself. A capacitor {C1) is shun-
ted across feedback resisior R2. The

-3dB breakpoint. f. is given by

1
= zaRzc (18]
The frequency response rolls off al ap-
proximatcly 6dB/octave at frequencies
above f.

Some IC operational amplifiers have
frequency-response compensation termi-
nals that are intended 1o aid the designer
in tailoring the bandwidth of the circuit.
Figures 6-a through 6-¢ show methods for
using those ~lead™ and “lag™ terminals.
In those devices that have lead terminals,
a small valued capacitor {10 to 1000 pF) is
used cither between them. as shown in
Fig. 6-a. or from & Icad terminal 10 1he
output. as shown in Fig. 6-b. Consult the
IC manufaciurer’s data sheet for exact val-
ues for the device you are using. For those
devices with lag terminals (Fig. 6-¢). ei-

K3
5

==L,
BREAKPOINT /x s

FIG. $—TC PREVENT OSCILLATION. the op-
amp's galn must fall to less than 1 below the
frequency where 350" of phase shilt otcurs, The

circull shown above will talior 1he bandwidih of
the device to be sure that that happens.

FIG. 6—THAEE METHOD! of using an op-amp's
trequency compensation terminals.

A1 RZ £

R4 R3

-

FIG. 7—USING AN OP-AMP In"appifcations
where only i $ingle-ended supply is available.

ther a capacitor or an RC network is con-
nected hetween the 1erminal and ground.
The values of those components are found
from cquation 16.

Special applications

The basic inverting follower can be
modified to produce certain special Cir-
cuits. Figure 7, for example shows how an
op-amp can bc used with just a single-
sided power supply. Such a Situation
might ogcur in automotive electronics, or
where some existing equipmen: has only a
single DC supply.

InFig. 7. the only power supply is + V.
and the —V terminal is grounded, We
compensate {or 1he loss of —V by apply-
ing bias from a voltage divider (R3/R4) 10
the noninverting input. The ratio of R3/
R4 is usually set at 1:3. I:1. 2. or 31 in
order to give maximum output voltage
swing. The disadvamage of that technique
is that a DC bias (set by R3/R4) will
appear as a permancnl offsef at the output.
[f only AC signals arc anticipated. then
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RS 5 MULTIPLE VOLTAGE SOURCES can b
handied using lh& circuli $hown above.

we can rid ourselves of the offsel by ca-
pacitor coupling the output (C1), In that
casc, however. load resistor RS must be
used 10 prevent the DC offset from laich-
ing up the circuit by charging C1.

A gain control can be formed by mak-
ing the feedback resistor variabie (see Fig.
8). The gain will vary from zero 1o the
maximum value of RZR1. When R2 =
RI. the gain ranges from zero to onc.
Anytime that R2 is less than R, the gain
will be less than one, according (0 the
standard relationship { — R2/RI). Some
designers use a stage likc that shown in
Fig. 8 as (he output stage of a cascade
chain, thereby affording gain control.

Figure 9 shows a method for accom-
modating multiple inpul sources {V1, V2,
and V3). The output voltage Vg, will be
given by:

' V1 vz Vn
Vo = R4 (& Ro -+ Bn )
Typical applications for that circuit in-
clude use as an audio mixer and in cireuits

where voltage summation is required.
This month we have discussed the de-
sign of circuits using the op-amp inverting
follower, certain op-amp problems
(namely, frequency response and output
offset woltages). and some special ap-
plications. In the next part of this series
we will discuss the noninverting follotver
and AC (audio) amplifiers using opera-
tional amplifiers. R-E
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HERB FRIEDMAN

Telecommunications

All about computer communications, and the hardware and software you need to:become
involved with it.

TO GEORGE ORWELL, 19M WAS THE AGE OF BIG BROTHER. TO
those who make their living by writing books about the future,
1984 is supposed 10 be the age of the “network,” with every
home connected o almost everything else through the personal
computer. You will do vour banking through vour personal
computer, work from your home through vour computer. order
goods and services through your personal computet, pay for the
goods through the computer. get vour education through the
compuler. get your news through the computer, even pay your
taxes through the computer. To hear the pundits well it. “network-
ing"” will provide you with everything except birth and death.

For those of you nut yet familiar with the term, let’s explain
“neiworking.™ 1t is believed by many that within the next few
years, probably by 1988 at the latest, virually all U.S. house-
holds with dis¢retionary income to spend will have a household
personal computer, The computer will be equipped with a “*com-
munications pachage ™ consisting of a modem and the necessary
software that will permit the compuler to access ceniral main-
frame computer systems such as those used by your loca) bank,
the information and ncws services such as the Source and Dow
Jones Information Service (for you stocks and bood gambiers).
clectronic newspapers, electronic book digests. communication
services such as E-mail (cleetronic mitil) or a personal computer
version of Telex, and *value added” services we haven't even
imagined yet. (A " value added ™" service means an extracharge is
added to the basic service fee. much like the extra charge for
Home Box Office (HBO) that is added 1o the basic monthly fee
for cable-TV service.)

Another concept of networking is work-at-home. Many jobs
do not require a centralized work location. The work, whatever it
is, can be done from home through a personal computer. A few
examples easily illustrate the work-at-hame neiworking con-
cepl: The stockbroker or Wall Street **wheeler-dealer™ can easily
work from home; he's presenily getting his ecommunications by
compuler anyway, Am author need never show up at an office
because he or she can downluad his book or article from his
personal computer to his editor’s computer through the tele-
phonc system. Insurance and real eslate agenis can also work
from homic because their records can also be stored within a
home computer or accessed from & mainframe computer via a
modem. If you stop to think about il. a lot of the future is
happening right now.

The reason for the excitement about networking is because it's
casy 10 do and relatively inexpensive fur the average home-and-
family user. All it takes to access a databank . electronic banking,
NEWS services. or cven the computers of friends and associates is
? muodem and the specific software required for a particular
unction.

Modems

First things first: the modem. For home-und-family personal
computers. @ modcm is a device thal connects the personal
computer to the dial-up telephone sysiem. Generally, the modem
simply plugs inte an RS-232-C serial input/oulput port on the
computer. or some other inputioutput connector specifically
intended for a proprietary modem ( “proprictary*” meaning here a

WwWwWw americanradiohistorv comm
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AN ACCOUSTIC-COUPLED modem has rubberized cups Into which the
telephone handsat seats.

modem that can only be used with a particular computer), The
purpose of the modem is to iranslate a computer’s digital clec-
tronic signals into audio tones that can be transmitted through the
dial-up telephonc sysiem. The modem also translates audio
tones arriving through the telephone system from a distant com-
puter into digital information for the locul computer.

Depending on the panicular modent used. the inodem-to-
telephone Systém connection can be direct ot acoustic. Direct
meuns a ~hard wire” connection from the modem 10 the iele-
phone wiring. usually through a modular plug and jack. If your
telephene wiring has only one modular jwck—{or the telephone
itself—you can use a modular T-adapter. which provides two
modular jack connections: one for the telephone and one for the
inodem.

The acoustic-coupled modem has rubberized Sups into which
the telephone handset is placed. A speaker within one ¢up feeds
the audio tones representing the local computer’s digital infor-
mation into the telephone handset’s transmitter. A microphone
within the cup under the handset’s receiver couples the audio
tones from the elephone system into the modem for conversion
to the digital information for the locat computer. (How the
conversions are aclually made and the frequencies used are
subjects for another article.)

Modems come in many different configurations, but regard-
less of whethcr they are manually or automatically switched to
the telephone circuit, or the type of software used, the speed of
information exchange depends on somcthing called baud rare.

Baud rate simply means how fast the information can be
exchanged through the modeni. As far as personal computers are
concemed. the standand™ baud rates are 300 and 1200. Without
gening into the how's and why's, 300 baud mcans a transfer rate
of noninally 30 characters per second: 1200 baud mweans a
transfer rate of nominally 120 characters per second. Since 1200
is four times greater than 300, at 1200 baud your information can
be transmitted in onc fourth the time that it would take at 300
baud. In practical terms. that sneans that if you would normally
be on a telephone/computer interconnect for 10 minutes at 300
baud. you will accomplish the same infermation exchange in 2.5
minutes at 1200 baud. Of course, no one gives the consumer
anything free. Presenly, there are ofien substantial surcharges
for using a database or information service at 1200 baud. For
example, if you pay $5 per hour of connect tine at 300 baud, you
might pay about $18-20 per hour if you use 1200 baud. Also,
1200 baud modems cost about four times the price of a 300 baud
modem. {Yes, many modems will operate at both 300 and 1200
baud.)

As a general rule. the least expensive modems must be man-
ually switehed or connected to the telephone system. Either the
user must move a switch or place the telephone handset in the
modeni’s €ups. General purpose modems of that type, which can
be used with almost all computers, cost in the neighborhood of

$80 10 5125 depending on the model and whether you're buying
at full list or discount. Those devices are invariably 300 baud;
there were no budget-priced 1200 baud modems at the time this
article was prepared.

For about $225 o $500 you can obtain 2 direct-connect
miodem that has auto-dial, or auto-dial and auto-answer. Aulo-
diat means that ata command from the computer the modem will
automatically connect fiself to the iclephone system and dial the
telephone number of the receiving computer. It will also sense
when the receiving computer has answered and is on-line. and
will indicate on your screen that it is ready for communications.

The auto-dial sequence is originated from the computer key-
board. To do so. the user enters a sequence of keystrokes (just
what those keystrokes are depends on the device and the software
used) that €auses the modem 0 connect itself 1o the teicphone
system. Then the user types the desired telephone number on the
keyboard, which causes the modem to either pulse (rotary) or
Touch-Tone dial the computer access telephone number. Some
telecommunications software atlows the user to create a “iele-
phone directory™ of often-called numbers. To use the directory,
only a designated number, letter. or phrase need be entered and
the rest will be taken care of automatically.

When you want your computer to exchange information with
an information service or database, you must use an ofiginate
modem. Am ofiginate modem generates and receives specific
tone frequencics recognized by dial-up computers. The comput-
er at the receiving end uses an answer modem. Originate and
answer modems are identical, only their input and output fre-
quencies are different.

Untll recently. vinually 2!l modems for personal computers
were ofiginate-only because no one ever suspected they would be
used for anything other than accessing a mainframe computer.
But networking doesn’t only mean mainframes or a service you
must pay for. Imagine for & moment that you are a studeni
working on & group school-assignment. Or maybe vou need
some technical information a fellow worker or associaic has
stored in his or her home computer. Or maybe vour business
partner has the inventory in his home computer. but you arc
processing orders with your computer, and you need that data
from his files. Any personal computer can communicate with
any other personal computer except for one thing: if they both
use ofiginate modems no information is going to pass between
the computers. One of the two computers must be using an
answer modeni—ihe same kind of modem device used by the
mainframe databank and news services. It doesn’t matter who
has what as long as one computer has an answer modem and the
other an originate modem.

Since it requires very few internal pans to make a modem
function in either the originate or answer modes, most modern
modems—even the low cost models—can work in cither the
answer or ofiginate mode. If you plan on exchanging data or
correspondence with other personal computers make certain You
get an answer/originate modem. The few originate-only modems
still available in the marketplace might prove more of a problem
than the few dollars you will initially save are wonth.

A DIRECT-CONNECT. suto-answer, sulo-dlal modem, the Smartmoden is
trom Hayes (5923 Peathiree industris| Bivd.. Norcroas, GA 30092)
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Originate/answer modems with auto-dial usually also feature
auto-answer SO you can access your owm computer through a
remote 1erminal. another computer. or onc of the so-called “lap
computers” with built-in modems such as the Radio Shack
Model 100

Auto-answer usually works this way. You preset the modem to
“answer’’ your telephone on the fourth. fifth or sixvth ring; that's
50 someone can hwve a chanee to answer the telephone by voice il
they wish befure the modem automatically answers it, If the
modem answers. it (ransmits an “answer carrier tone* into 1he
telephone. The modem on the emaote foriginate) end hears the
answer carrier and in wem ransmits an Coriginate carmies tone”
into the telephone. When the answer modem senses the originate
carner. contact is established and information transfer can begin.

Some software considerations

It is wrong (o assume that if you have an originaic modem and
the nther party has an answer modem that everything will werk
out. Somc communications software packages cannot properly
receive {or somelimes originate) a binary data exchange unless
the computer is gsing an answer modem,

A binary exchange is an exchange of non-text data. With very
few exceptions the information services exchange text transmit-
ted in ASCIl—-the American Sandard Code for /nformation
fnterchange. Thus what is being exchanged is plain text, with no
emor checking. If a character gets garbled during transmission
youL can usualiy figure oat what's missing. For instance. if you
receive T The guice broaen foxcjumped over the lazi dog™, you
can be reasonably cerain that what was ransmitted was ~The
quick briwn fox jumped over (he lazy dog.*” Things get tougher
if you are working with 4 BASIC program. but chances are good
that you would be ible to spot any transmission errors.

All modern conumunications sofiware. of any Kind. for any
personal computer. transmils and receives text in ASCIl. But
what happens if you require absolute precise reception. of you
are exchunging a machine-lunguage progrum. or binary-encoded
data? You must receive an evact representation of the binary data
because onc single garbied bu out of thousands can crash the
program. of change a check for a $100 refund into $10.000 or
more. A binary data exchange requires what is known as a
“protocol” exchange

Basically. it works this way. The uriginating compuicr (rans-
mits 4 bloch Of binary data and then mathematically derives a
“checksum™ salue determined by the particelar data transmit-
ted. It transnnis the checksum following the disti and then stops
transmitting, The receiving computer calculates 2 checksum
from the data it reeeives and sends its checksum vilue back tothe
originaung computer. If the checksums al the originate computer
agree. that compuier wransmits the next block of data and the
process repeits. H the checksums do not agree. the originating
compuier repeats the block transmission until it receives a cor-
rect checksum. If after a predetermined number of attempts the
originating computer cannot gt 2 comect checksum resporise, it
stops sending and nuiities the operator that it canms complele
the transmission.

The software 1hat does protocol lransmission 15 very fussy as
to the way in which the checksums are derived and as 1o the
unscen (phantomi signals that pass between the computers as
part of the protocol transinission. Those must mateh precisely:
hence. as a general ule exactly (he saine type of software must be
used at both the originating and receiving compuiers. If the
software is dilferent. it must have some way to recognize the
vanous protocols in use.

For example. because 1t is 0 Casy Lo use. supporis full auto-
originate and aurp-answer. does so many things without fuss.
and is so reliable. one of the most papular communications
softwane pachages is Crosstatk (Microstff, Inc.. 1845 The Ex-
change. Atlanta. GA 30339). But it can do a protocal data
exchange only with other computers running Crosstixlk. On the
other hand, the communications software package M./ T.E.

(Mycroft Labs. Inc.. Box 6045, Tallahassee, FL 32314), which
does more or less the same things but not as easily (that point is
debatablic). can do a binary exchange with computers nunning
software using Crosstalk, CLINK. Hayes. and XMODEM
{Christiansen CP/M) protocols. as well as. of course. with com-

DD Linars e - ot 9w,

[ b w W
SIPEEM PEFORMTING 11 W
(R SEMESIOn st OFF
IF upesESSIOn it DM
B - is RLL
10, it
AF ROPIG i
by, il 1171 BT
§ TR Faom WFTER 3y

m LC"‘—‘-Z‘.
DD TR
ORGE Wt I
5 (0r0.~ 3 AT
00 d L L AT
SO WD 3%
25¢ 6 Y Ll
FLL MY f5tr X5
S RFFER TQ 1

-y e P oy

Batire W
Baby: ¥ | el e at

Darewe {retrp:

A POPULAR COMMURNICATIONS PACKAGE. Omniterm is trom Lindberg
Systems {41 Fairhlll Rd.. Holden, MA 01520}

puters running M./ T.E. Generally. if you plan to do protoco)
exchanges with anyone make cénuin your soflware accommo-
dates their compuer’s protocols. The best communications soft -
ware wms nut to be worthless if you require a protocol exchange
that can’t be done.

The Videotex soltware sold for CompuServe, Dow Jones. and
other informalion services provide the proper protocod for each
pamticular service so vou never have difficulty getting s protocol
download. IT a special protocol is necessary you can gencrally
purchase the correct software at nominal charge. For exainple,
Radio Shack Madel F and Model 11l users can purthase special
“executive” software from CompuServe that allows an automat-
i¢ protocol download of data fromt the service to the user.

Virtually all connnunications soltware sold today is what we
call “siman.™ meaning it ablows the user to store incoming data
inmemon for later viewing or for storage 1o tape or disk. It also
permits the transmission of stored data from tape or disk o a
remie coniputer. |t might perform many other functions such as
storing prewritten strings of characters for sigmng onto an infor-
mation providers computer and mitomatic answerback for Telex
(which identities the onginating user when the computer re-
ceives i CONTROLL trom the Telex service). Another popular
feature is character conversions or filtering. Yon'se gol tobe a bit
careful with the last onc—as nice as it is it could cause some
problems. For example . one of the most popular modem resenves
CONTROL-1 for its own internal use and thus & received of rans-
mitted CoONTROL-# is dstomatically changed to another character.
But one of the major information providers uses CONTROL-Bin 18
password system. [ you use that communications software and
atiempt to sign on 1o the provider, and your password has o
CONTROI-n. there is absolutcly no way Lo sign on Lo the remote
computcr. Such a problem can be golten uroumnd in most software
as some mcans of redefining any reserved or filtered characters is
usually provided.

In this anicle we v tried.to show you what to look for, and
what 0 look aut for. when looking for telecommunications
hardware and software. Whatever your needs. however, bear in
mind that with almost no exceptions any personal computer can
enter the age of compurer networking, R-E
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TRS-80

TELEPHONE

DIALER

HOWARD BERENBON

IF YOU OWN A TRs-80 COMPUTER AND
want something unique to do with your
computet system, then this project may be
what you™ve been looking for. With just a
couple of components. you can build a
telephone interface that will let a TRS-80
dial a ielephone number. That may be the
missing link to your automated telephone
directory ot your computerized burglar
alarm,

In addition to the interface circuil, there
is 2 shon BASIC program that is pre-
sented to drive the interface circuit. Since
that circuit is connected 1o the cassetle-
tape /O port, you should be able to con-
nect it 10 just aboul any computer with a
cassette port and modify the BASIC pro-
gram to fit your system if you know the
pon address.

The actual BASIC program is listed in
Table 1. It is a Level 2 program that drives
the interface circuit through the remote-
control relay inside the computer that is
connected to the remote-contyol plug. All
that is required is the simple phone inter-
face circuit shown in Fig. |. The circuit is
connected to the remote-control plug of
your cassette interface cable.

The interface consists of a relay. a sil-
icon diode, one 9-volt rectangular battery,
and a microphone jack. That's about
$4.00 worth of pants. Simply connect the
comacis of the relay im series with the
green telephone wire. Since the relay is a
normally-closed type. it wiil not interfere
with the normal operalion of your tele-
phone. However, before you actually con-
nect the telephone, you must contact your
local telephone company Lo insure com-
pliance with local telephone-company
regulations.

The BASIC-language program uses the
QUT command to access Lhe KO port (port
FF} and thus dial the phone. It pulses the
cassette remote -control relay that is con-

Turn your computer
into an automatic
telephone dialer.

TABLE 1—PHONE DIALER PROGRAM

10 PRINT “TRS-80 PHONE DIALER
PROGRAM"

20 PRINT “COPYRIGHT & 1979 BY
HOWARD BERENBON"

30 PRINT

40 PRINT "ENTER AN "A' TO DIAL®

50 INPUT AS

60 IF AS<>"A" THEN 40

70 CLS:Q=14R=14

80 REM DIAL THE NUMBER IN THE
DATA STATEMENT

90 x =200

100 PRINT "DIALING™

110 READ C

120 IFC - 55 THEN 700

130 PRINT @ x.C

140 {FC O GOSUB 800

150 X=mx4+2

160 REM DIAL THE PHONE NUMBER
ONE DIGIT AT A TIME

170 GOSUB 400

180 OUT 255.4

190 GOSUB 500

200 OUT 255.0

210 GOSUB 550

220 C=C--1

230 IFC - O THEN 110

240 GOTO 180

400 FORA=1TO 90

410 NEXT A

420 RETURN

500 FORA=1TOQ

510 NEXT A

520 RETURN

550 FORA- 1 TOR-5

560 NEXTA

570 RETURN

700 PRINT

0 PRINT "DIALING COMPLETE™"

720 END

800 C=10

810 RETURN

930 REM DATA STORAGE FOR PHONE
NUMBER

1000 DATA 1.8.0,0.5,5.5.1.21,255

'--l‘,

|
=

Ji

~ TO
{"""erpuoue
—0—w | [SEE TEXT)
£ avs
D1
1MY14

m -

PARTS LIST

D1—1N914 diode

RY1—SPDT relay. § or 6-volt 500-ohm DC
coil.

B1—8-volt rectangular battery

J1—_ph0l"le jack
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FIG. 1~-TELEPHGNE INTERFACE circult can be built on periboard, TheTelay cohiactaare Connecle s |
series with the green telephone wins,

nected to the telephone line via the inter-
face circuit.

The dialer is sel to dial one phone num-
ber, and print the number on the CRT
screen as il is dialed. The programi simu-
lates the operation of a rotary dial, by

continued on page 106
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In Gomputer Electronics...

NTS W1TROMC” HOME
TRAINING GIVES YOU

THE EDGE

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

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

A GROWTH INDUSTRY

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

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

MICROCOMPUTERS

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

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

DIGITAL ELECTRONICS

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

ROBOTICS & VIDEO TECHNOLOGY

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

1

NO O8LIGATION NO SALESMAN WILL CALL

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905
Resident and Home -Siudy Schools

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

r------ﬂ-------

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

EARN CEU CREDITS

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

Lse the mail-in card O (Il oui snd mall the couPon, indicale the Beid of your cholce.
(Ona, only plesse } FREE fuii color cetelog wiil b aenl o you by return maii.

NATIONAL TECHNICAL SCHOQLS Dot 206054
4000 Souih Figueroa Sireet. Los Angeles, CA 90037

Piease send FREE color catalog on course checked below.

O Robotics O Computer Electronics
O Digital Electronics O Video Technology
O Auto Mechanics 0O Home Appliances

O Air Conditioning/ Solar Heating

Name Age
Address Apk
City . Statd _

Zip - = _Pnone |

O Check It interesied ONLY In Classraom \raining In Los Angeies
O Check It interesied In G.1. Bill Informatlon.
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HOBBY CORNER

Finding an unknown transmitter location

EARL “DOC" SAVAGE, K4SDS, HOBBY EDITOR

N THE PAST §1X MONTHS WE VE RECFIVED
a surprising number of requests for a cir-
cuit that wiil allow yon to find the location
of a radio transmitter, The reasons given
for needing such acircuit are quite varied.
Several readers want to use the locator on
ham (amateur radio} transmitter hunts.
Others want 10 be able 10 find the source of
CB transmissions. One wanted 1o use it to
locate his dog when it runs away. And
three other readers want (0 use 1he circuit
1o locate their cars in large crowded park-
ing lots. However. the most recent request
comes from a fellow who needs a way 0
locate his deaf-mute son if they should
become separated.

We sincerely wish thar we could tell
you that there's an casy way 10 determine
the location of a transmitier. But. in fact,
there is no simple way to do so. (Don't
believe everything you see in the movies.)
Finding the dircction and distance of a
transmitler from your posilion requires
complex circuitry both at the ransmitter
and receiver locations. During the course
of {(1oo) many years, we've had experi-
ence both in the air and on the ground with
a number of methods of locating a trans-
matter. Those nicthods fall inte two cate-
gories: One requires the operator of the
transmitier to send out specialized sig-
nals. and the other can be ysed with any
type of transmission.

Using the specialized-signal method,
an aircrafi or som ¢ other type of vehicle
can be equipped with receivers that show
their location with respect 1o know n trans-
mitters. That information Cun be conven-
ed to give the transmitter location in any
type of coordinates. Specialized transmit-
ters may be located on satellites. al of ncar

. airporis. or on seacoasts. Perhaps the
- oldest such system is the radio-beacon

(AN), which operates below the broad-
cast-band frequencies. For many years.
t1at system defined the “highways in the
sky ™" for pilots. Then came the Loran sys-
tem. which was more useful and accurate.
The Loran system enabled ships and
planes to determine their locations with
respect to coastal transmiticrs. (See the
July 1983 Radio-Elecironics for a de-
scription of the Loran-C system.} Trans-
milting and receiving equipment was
complex and bulky in those early days.
More modern systems. such as om-
nirange and satellites. are even more com-

plex. The construction and use of the
latter-type sysiems is beyond even the
most advanced hobbyist.

Therefore. we're now left with a more
primitive system that requires no special
signaling (rom the transmitter (any signal
will do). This system has changed little
from 25-years ago (when | panicipated in
many hidden-ransmitier or * fox™ hunts).
It wasn't all that easy then and still isn't.
In any case. the system can give the
searcher direction only (and he may be
able 10 puess the distance from the
strength of the signal). All that is required
is a receiver with a onc-way directional
antenna. Coenslructing such an antenna
can be difficuli. but that depends on the
frequency of the signals involved.

For best resulis. you really need 1wo
readings on the direction of the transmit-
ter. They can be made simultaneously (by
wo receivers in different locations) or
sequentially (by using one receiver and
changing its location between readings).
The second method assumes. of course.
that the rransmittcr does not move in the

RECENER A
-
= —
e TRANSMITTER
-~
.’ L
RECEIVER B
FIGT™
ANTENNA
RADIO
FREQUENCYF@— MIXER
AMPLIFIE R
LOCAL
OSCILLATOR,
FIG. 2

time it takes to change locations. The two
resulting directions are plotied (on a
map). and simple triangulation gives the
location of the transmiiter. That progess is
illustrated in Fig. |, where 2 linc is drawn
from receiver A in the direction of its
strongest reading (100 degrees) and the
same is donc for receiver B for its 60-
degree reading. The transmission Origi-
nates where the lines cross.

However. there are two major draw-
backs associated with even this simple
location method. The first is the equip-
ment—iransmitier. receiver. and direc-
tional antenna. You can find helpful infor-
maiion and plans in various publications
of the American Radio Relay League
(Newington. CT 06111). Be advised.
however, that they are dealing strictly with
equipment for the amateur-radio frequen-
cies that ane operated by licensed hams.
The other drawback is the license require-
ment. ARyone ¢an own and operate a re-
ceiver. Bul a transmitter is something
clse. There is the serious matter of your
right to transmit on any radio frequency.
Our laws are based on the fact that the
“airwaves” belong to everyone, who un-
der the proper circumstances are entitled
10 use them free from unauthorized inter-
ference. That means that you must be li-
censed to pul a transmitter on the air.

The only exceptions to the licensing
requirements are certain carcfully defined
low-power operations that have a very lim-
ited range. Licensing requirements vary

INTER ME DIATE]

FREQUENCY DETECTOR

AMPLIFIER
ALDIC
FRECIVENCY]
AMPLIFIER
SPEAKER
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from minimal (CB) to quite stringent, de-
manding a high degree of knowledge and
proficiency. Also, even licensed transmit-
ter operaters are required 1o periodically
idemify themselves when transmitting,
Therefore, we strongly advise you nof 10
put an uniicensed ransmitter 0N the air.
The long and short of it all is that using
a transmitter and receiver to locate any-
thing or anyone is not only a lechnically
demanding operation but & highly regu-
lated one. Regardless of the merits of your
case, we cannot recommend that you un-
dertake a venture of that nature unless you
are prepared to devole a considerable
amount of lime and energy toit. Now iet’s
turn o ancther communications problem.

Frequency readout

Don Hang (OF) has a communications
receiver and is unhappy with the dial cal-
ibration. He has a digital frequency coun-
ter, but doesn®t know how to use it for a
frequency readout.

Let’s take a look at a basic receiver.
Figure 2 shows a simplified block diagram
of such a radio. Note that three points (A,
8 and c) are labeled. Don, you are correct
that the signal at point A is the very one [o
which you are tuned. You could couple
your counter there and read the frequency
directly but that's a ticklish operation. Ex-
treme ¢are must be taken so thal the re-
ceiver’s alignment isn’l thrown $o far off
that proper tracking across the bands is
impossible to achieve.

Point B cannot be used because the sig-
nal at that point is at the intermediate
frequency of [F—usually 455kHz. 1f your
reading were taken there. the display
would always show the [F regardless of
the wned frequency. Actually, the best
place to read the frequency is a1 point ¢.
There, a bit of signal from the local os-
cillator can be picked off with fewer po-
tential problems tham at point a.
Neverthcless, you must be careful: and
even then it may still be necessary to re-
align the receiver. Because of that. the
best procedure to follow is 10 use what is
called a “gimmick™ capacitor. That’s
nothing more than the very small capaci-
tance created by twisting two short pieces
of insulated wire together or, in this case,
around the outpul lead of the local oscilla-
tor. The end of a wire crooked around the
outpul lead of the local oscillater may
bring out an adequate signal for your
counter.

If the signal is not strong €nough, you
can make the coupling tighter by using
another wm or two of wire. Caution: do
not make it too tight or the alignment will
be thrown off. A betier method would be
to place a broad-band amplifier stage be-
tween the ~"gimmick™ and the counter 1o
boost the signal 1o a sufficient lovel. All
right—now that you have a signal that’s
sirong enough 1o produce a reading on the

continued on page 107

[OOKING
-Fgﬂ -y
TROUBA

FIND T
FAST

WiITH rHE
LS TR:2|
TRACER

—

|
Our currant agncﬂ'ure
e T &y
nome nictl pérsonnello NSt
solid-slgle compongnis [

circuinl wlihoul riling |
or fowar
ﬂ' ﬂ?ﬁcﬂ req the ihe
un arhglr h one fl'i? |ﬁ§wn
‘. yvﬁnpu]. Y fd'cm omaﬁc ?r
I SOOI,

94, eapy-id ;ﬂldg;nonphq;phpr

iy

-3 tch-sadetc bldfrm‘:ummi,

1S m&ncmzwu ru-qsr {

+ fost, pasy acguraleal §7 _ .

ﬁﬁmﬂ?&- ttay-po w28 || e rSystems-
aScanafy - !

DT ™ 5 -lea_fz Badeh, CAVIUTY

|cboltwnq,ru your e _—Q b g

Ij osgope e i
— +—1—7—+ e [+ i

CIRCLE 73 ON FREE INFORMATION CARD

1

MODULAR PROBES
FOR SAL

For All Oscilloscopes
To 300MHz

X1 to X100
Attenuation

Pictured
Accessornies
Inciuded

INSTAN

COMPARE PRICE — COMPARE PERFORMANCE
REPAIR Ak - -

Modet Altenuatian Bandwidih Prica

Proba tip. Head, BNC X1 10MHz

and Cable all screw MIZSW  X1-X10 Switchable x10.250m0; 96900

into place easily and F

quickly. MIZX10  X10 250MH? 59.00
-r E s -r =1 | M12{10AP  X10 with Readout 250Mhz £5.00

H’H] [ misx100 X100 250MHz 89.00

PRDBES, IN[‘. | [ MISXI0HF %10 J00MHz 75.00

Ty MI2X1 X1 30MHz 36.00

Specialists  Cobne US. Sales & Stocking Source PO, Box 2113, La Jolla. CA 92038 (819) 459-M187

CIACLE 62 ON FREE INFORMATION CARD

WWwWw americanradiohistorv comm

P86 AYW

43
L]


www.americanradiohistory.com

€ RADIO-ELECTRONICS

COMPUTER CORNER

You've never tried a personal computer?

LOU FRENZEL

PERSONAL. COMPUTERS ARE NO LONGER
the new and glamorous things they used to
be. In many respecis they're really “old
hat.” They ve been around for almust a
decade now. The first practical ones ap-
peared in the mid-1970's, several wears
after the introduction of the first 8-bit mi-
croprocessors. (Radio-Electronics pub-
lished the Tirst computer construction arti-
cle in July. 1974.} The growth of the
personal-compuyter field has been asiro-
nomical during the last seven or eight
years and today they are used in millions
of busincsses and homes. Still, there's an
astonishing number of people who have
never used or even experienced a personal
computer. Even many of those who work
in electronics or some related field have
never had the opportunity to try a micro-
computer. In addition. recent studies
show that the total home penetration of
personal computers is only about 7%,
though the home computer movement is
well under way. That means that out of
approximately B0 million houscholds in
the United Stat¢s. about 75 million of
them still do not have a personal comput-
er.

As a reader of Radie-Electronics,
you're more likely than the average per-
s0n to be one of those who own a personal
compuler. or at least have access o one at
work. Still there are many of you who
have not yet taken the plunge, Perhaps you
feel that vou really don’t need or want a
computer: Afler all. whal would you do
with it? Then again. maybe you are one of
those who are secretly afraid of micro-
computers. That's a very common feeling
and one that keeps many people from ben-
fitting from microcomputers. The fear of
the unhnown or the fear of failure keeps
many would-be compuier owners from
rying these fascinating maehines. Re-
gardless of your reason, there is reaily no
excuse for sor at least irying & microcom-
puter. The oid adage that says “don’t
knock it until you've tried it”" stit] holds
true and is so applicable to this situation.
Personal computers can be vicwed as fas-
cinating toys but they are also useful ools
for accomplishing work. Now is the time
to lake a serious look at these machines
that are litcratly changing the way we
work and think. Why not join the 5-mil-
lion-plus individuals that are expected to
purchase a personal computer this year?

The “compuler literacy” machines

In the past. persenal computers have
typically heen complex and expensive de-
vices, But that’s not so today® Thanks to
technological devclopments and the high
volume demand. prices have dropped
considerably. A good personal computer
will cost you much less than a good VCR
or stereo system. In fact, today you can
purchase a minimum-power personal
compuler for under a $100: And for be-
tween $100 and $200, you can get a
powerful and useful one. For that reason.
price should no longer be an obstacle.
Also. complexity is no longer a valid ar
gument. Most personal Compuiers are so
casy lo use that even the youngest child
should have little trouble. In fact, the aver-
age personal computer today is no more
complex to use than a VCR or video
game.

There are many people who have taken
the approach that they’'}l learn something
about computers (by reading magazines
or books) first, and then buy one later, But
it seems that they never get arcund to
actudlly huying onc. The besl way to get
started with personal computers is 10
jump right in and buy one. After all.

there’s nothing, like hands-on experience
lor leaming! hust keep in mind the rule
that says: | hear. | forget: | see, | remem-
ber: | do. | understand. Computers are
like bicycles in that you have to actually
use one to learm how it works. No amount
of listening to others or reading can get
you there. You have o experience it for
yourself.

The best way to get your feet wet is (o
purchase one of those, so—called, “'¢com-
puter literacy”™ machines. Those are the
low-cost microcomputers you see adver
tised on TV or displayed in your local toy
and department stores. There are some
real bargains around because of the price
wars curmently going on in the low-end
personal-computer market. Therefore,
there’s no time like the present (o take
advantage of the sitwation. Let's take a
look at spme of the machines that fall into
the low-end category.

The lowest priced microcomputer on
the market today is the Timex/Sinclair
1000 shown in Fig. |. There are well overa
million of those machines already in use
today and hundreds of thousands of them
are being sold every month. The slandard
Timex price is $49.95 but they can found
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on sale for as little as $29.95. At that price
you gct a complete ready-(o-use computer
that hooks-up to your TV {which is used
as a monitor), An ordinary audio-casseile
playersrecorder can be used for loading
programs and storing data. The Timex/
Sinclair /000 comes with a Z80 micro-
processor. 2K of RAM (Random Access
Memoryjand a BASIC interpreter in
ROM (Read Only Memory). You can
learn o program in BASIC (Beginners
All-purpose Symbolic /nstruction Code)
o you ¢an (ry out a variety of useful pro-
grams and entertaining games. There is
no cheaper or casier way to et started.
The Timex computer is sold in just about
any store where Timcx waltches are or-
dinarily sold. including mosi department
and specialty stores.

Lf you find that you like the Timex com-
puter. you can always expand it and make
it much more useful. Specialty manufac-
turers provide a wide range of accessories
to expand that popular unit. One such
manufacturer is Mematech Corporation
(7550 West Yale Avenue. Suite 200. Den-
ver, CO 80227}, who makes add-on mem-
ory packages with 16K. 32K, and 64K
capacities. Memotech also furnishes a va-
riety of [/0 interfaces such as the popular
Centrunic parallel printer interface and
the RS-232 scrial interfuce. kher avail-
sble accessories include: an editor/as-
sembler utility in ROM. a high-resolution
graphics package. and even a 32-column
dot-matrix printer and fuli-sized key-
board. On top of that. there are many
software houses that publish software
packages for the Timex /000. Timex also
makes several ather computers, such as
the 7500 and the 2000

Another good choice is the Texas [n.
strument (T1) 99/4A. Because Tl has
dropped out of the personal-computer
market. youcan get 2 99/4A package at an
incredible discount. That's fantastic for a
machine that uses the powerful
TMS-9900 16-bit microprocessor and fea-
tures 16K of RAM and BASIC in ROM.
That computer uses & wide range of ROM
program-cartridges and cun use your TV
set as a video display. T also has several
expansion devices for that computer on
the market. including a nemory-expan-
sion module. 1/0 imerfaces. Hoppy-disk
mass storage, and a speech synthesizer.

Another very popular low-priced home
computer is the Commodore VIC-20. The
VIC-20 features the 6502 microprocessor.
5K of user RAM. und plug-in ROM car-
tridges. You should be able 10 find one on
sale for less than $100. By the time you
read this. their 16K version should be
available for that same low price. Com-
modore and others publish a wide variety
of game programs and other. useful soft-
ware, The V/C-20 features sound and ex-
cellent color graphics.

Radio Shack is a newcomer to the so-
called ““computer literacy™ machine

field. Although Radio Shack has been
making computers for many ycars.
they ve only recently announced the addi-
tion of the low-cost MC-/0. Their popular
Color Computer medels fall into the com-
puter-literacy categoty but nol the prices.
However. their new MC-10 Micro Color
Computer is bargain priced at $79.95, It
comes with 4K of RAM standard and ¢un
be expanded 1o 20K with a 16K plug-in
moduic ($49_95), The computer also has
good color graphics with ecight colors,
and sound. Baoth text and graphic charac-
ters are displaved in a 32-character by 16-
line format. A BASIC interpreter is con-

tained in ROM und the reference manual
thut comes with the machine teaches you
how lo program.

The Atari 600XL is alsa worth consid-
ering. This one replaces Atari's previous
low-end model 40 computer. Like the
old one. the 600XL also yses the 6502
CPU and can runs all 400 software. But.
in contrast. it fcatures 16K RAM and a
standard keyboard. The 600XL is priced
at $149.50.

In a sense it doesn 't really matter which
microcompuicr you buy. Your main ob-
jective is to learn and get some experi-

winaed on page 107
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£ RADIO-ELECTRONICS

STATE OF SOLID STATE

Stereo-sound IC

ROBERT F, SCOTT, SEMICONDUCTOR EDITOR

IF YOU VE GROWN ACCUSTOMED TO THE
big spatial sound of hi-fi stereo equip-
ment, you probably find the monaural
sounds of AM radios and TV sets sonic-
what less than enjoyable. With that
thought in mind. Signetics has introduced
the TDA3810. a spatial. stereo. and
pseudo-stereo sound circuit. That audio-
processor IC converts monaurzl-audio
signals into realistic ~pseudo-stereo™
sound. It can also enhance the stereo
effect when inserted in the audio-signal
paths of FM-stereo radios where the ap-
parent stereo scparation is less than ideal
because of limited speaker spacing (for
example, in portables or in your car). It
can also be added 10 most monaural TV
and AM/FM radio cireuits.

Figure | shows a schematic of & circuit
using the TDA3810. along with a block
diagram of the IC. The IC operates from a
DC supply voliage ranging between 4.5
and 16,3 volts and draws a2 maximum of 12
mA. lts input impedance is typically
75.000 ohms. Minimum input-signal
voltage (at pins 2 and 17) for the IC is 2-
volls RMS rated at .2% total-harmonic-
distortion {THD). lts output THD is rated
at 0.1% (for frequencies between 40-16
kHz with an output voltage of | volt.) The
[C’s average voltage gain is about 2.4 dB
in the spatial made, and unity otherwise.
its channel separation is typically 70 dB.

The TDA3810 aiso provides automatic
switching between the mono and stereo
modes. And it also has manually control-
led logic switching between the mono and
pseudo-stereo modes. (Mode selection is
determined by the seitings of $1 and §2.)
Two outputs (at pins 7 and 8) drive LEDI
and LED?2. which are used as mode in-
dicators. There is also a muting circuit
that keeps the LED indicators from
flickering.

A monaural signal is fed to the paral-
leled left and right inputs {pins 2 and 17
respectively) where it splits (o follow 1wo
signal paths. In one path. the signal is fed
through to the output without modifica-
tion. In the other. all frequencies between
300 Hz und 2 kHz are delayed for a fre-
quency-depe ndent amount of time (for ex-
ample, 500us at 800 Hz) to produce a
pseudo-siereo output. [n the spatial
mode. the stereo effect is enhanced by

applying abou 50% of the 180° out-of-
phase feedback as crosstalk between the
right and left channels. Additional infor-
mation is availuble from: Signetics
Corp.. PO Box 409, Sunnyvale, CA
94086,

8-bit analog-to-digital canverter

Analog Devices recently introduced
the AD673, a monolithic 8-bit analog-to-

|

digital converter (ADC). This [C provides
a microprocessor interface that perforins
an 8-bit conversion in 30 s maximum. In
addition. it has threc-state output latches
thzt are controlled by the data-enable in-
put pin. The data-enable control allows
the microprocessor 10 accept datz when-
ever it s ready. Also included in this IC is
2 successive-approximation register. a

Zener diode reference. a comparator. and

AAN
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FIG.1
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a clock. The three-state output bulfers
specify 250 ws maximum acess time.
The IC is pin-programmable for either O
10 + L0 volts or = 5 volis full-scale.

The AD673 is powered by two supply
voltages: ane. a positive 5-volt supply and
the other can be either —I12- or —15-
volts, lts relative accuracy is guaranteed
over the specified temperature range at
+15 LSB maximum. Maximum offset
drift is also specified as =2 LSB: max-
imum gain drift is =2 LSB. The above
speciflications apply for temperatures
ranging from O o +70°C for the "J**
grade and — 55°C to + 125°C for the ©*S™
grade. The IC is available in 20-pin plastic
or hermetically sealed ceramic DIP pack-
ages. Commercial grade prices for the
=) series range from $7.90 to $12.50 in
lots of 100. The "8 grade is priced at
$38.20. —Analug Devices. Semiconduc-
tor Div.. 804 wobum Si.. Wilmingion,
MA 01887

New technical data book

A new 1080-page dutabook. Linear In-
tegrated Circuits and MOSFET s
(SSD-240B) contains detailed technical
information on RCA’s broad range of lin.
ear IC’s and small-signal MOSFETs. In-
cluded are many [C's for applications in
both indusirial and consumer cleetronics
devices.

The first seciion. 8 general overall
guide to available products, provides a
complete index of types, photos of the
many package types, product classifica-
tions and sclection guides, listings of spe-
cial terms and symbols. and & cross-
reference showing RCA replacements for
many indusiry types. This section is fol-
lowed by techmical data on devices
grouped into categories including Opera-
tional Amplifiers. Voliage Comparators.
Data-Conversion Circuits, Arrays. Power
Control Circuits. Differential Amplifiers.
Spccial-Function Circuits, Automotive
Control Circuits. Audio Circuits. Radio
Cirenits. TV/CATV Circuits. and
MOSFET's.

The final section covers device types
supplied for military. acrospace and high-
reliability applications and shows dimen-
sional outlines for all package types. It
also includcs lists of current application
notes on [C’s and MOSFET's. Copies of
the SSD-240 Databook may be purchased
tor $7.00 per copy from RCA Solid State
Division.

NPN transistor arrays

RCA recently introduced two NEN
transistor-array 1C’s that are designed for
high-frequency applications up to 1.5
GHz. The two devices are high-quality
versions of the CA3046 and CAJI2TE
and Operate over a lemperature range of

-55 10 +125°C. Each array consists of
five general-purposc silicon NPN transis-
tors on a common subsiraie. The

CA3246E array has three independent
transistors. along with two differentially
connecied devices housed in a 14-pin
plastie DIP package. The CA3227E con-
sists of five independent transistors in 8
16-pin package.

Each transistor in the array has a gain-
bandwidth product (fy) in excess of 3
GH2z. That permits the transistors 1o oper-
ate effectively up to 1.5 GHz for use in
VHF amplifiers and mixers. IF conveners
and amplifiers. and other similar devices.
At 25°C ambicnr iemperature. cach tran-
sistor in the aray can dissipate up to 85
mW. Maxi;num power dissipation for the

package is 425 mW up 1o an ambient
iemperature of 75°C. Above 75°C. the
packuge must be derated lincarly a1 6.67
mW/C. The breakdown voltage for each
transistor are: collector-1o-emitter voltage
{(Vceo) 8 volts, collector-to-subsirate
wultage (Vo) 20 volts. and collector-to-
base voliage (Vopey) 12 wolts. Each unit
can handle 20 mA of collector current.
In [000-piece lots, the CAI246E is
priced at $1.93 and the CA3227E is
priced at $2.18. For more information
and/or a data sheet (File No. 1345). write
10 RCA. Solid State Div.. Box 3200,
Somerville. NJ 08876, R-E

! COMPUTER PAPERBACK BOOKS
Great Books For The Computer Hobbyist
: CHECK OFF THE BOOKS YOU WANT
i
i
|
ELECTRONIC TECHNOLOGY TODAY INC. Vel
PL) Box 240, Mastapequa Pary, NY 11762-0240
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MAKING MEASUREMENTS

continued from page 79

Another probiem when reading at adis-
tance is the cost of long runs of ther
mocouple wire. This is partially solved by
splicing the thermicouple lo “extension
wire”, less expensive thermeocouple wire
specificd over a narrower emperaturne
range. The savings are particularly impor-
tanl when using platinum thermocouples.
since the extension wires are made from
nonprecious metls,

The low sensitivity of thermocouples
requires good first-stage stability in the
readout eircuitry. For precision measure-
ments. low-drift amplifiers or chopper-
stabilized inputs must be used. (Chopper
stabilization improves the DC drift of an
amplifier.)

Thermocouples are lincar enough that
ne linearizaiion is needed for moderate
accuracy over moderate 1€mperalure
ranges. Nonlincarity above 0°C is gencr-
ally 1% to §%. depending on the ther
mocouple and the temperature range.

Thermocouple applications are almost
limitless. The wires are available in large
or small gauges, im cables using a wide
variety of insulations and in ceramig in-
sulating wbes for very high lemperaure
use. The sensing junction. formed by
welding the two wires together. may be
put into enclosures such as those shown n
Fig. 1. The junction may be welded. ep-
oxicd or glued directly to a surface or may
be exposed dircctly to air or liquid for fast
response. The temperature of molten
steel. for example. is measured by plung-
ing the two wires directly ino the sieel.

Integrated Circuits

lntegrated-gircuit temperature sensors
are fairly new and are not at all standard-
ized. Atthis time at least five device fam-
ilies exist. each unique in design and
output. They generaily make use of the
fact that the voltage drop across a forward-
biased diode or transistor junction de-
creases by about 2 millivolts perdegree C.
IC sensors are generally offered in transis-
tor or IC packages: they are not yet avail-
able in the same variety of assemblies as
olher sensors.

Despite the lack of standardization.
some gencralizations are pessible. Oper
ating temperatures are similar to [C's:
—55 10 +150°C (—6&7 10 +302°F) or
some portion thereof. Accuracies gener
ally are several degrees. requiring user
calibration for lighter measurements. Se-
lected sensors as close as + 1°C are avail-
able. but are expensive. Stability at high
iemperatures is not as good as with most
other temperature sensors. IC’s are linear.
sensitive and easy to interface with read-
oul circuitry. But look for specifications lo
improve in the future, R-E

PUBLIC NOTIGE!
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= RADIO-ELECTRONICS

SERVICE CLINIC

TV tuner and IF amplifier troubles

JACK DARR, SERVICE EDITOR

THERE ARE TWU 5TAGES IN A TV SET THAT
have always been hard to test. They are the
IF (/niermediate Frequency) amplifier
and the luner sections. We're talking
about IF’s that use discrete transistors in
their design, and standard mners—ihe
old-fashioned kind, with three-gang se-
lector switches. Both of those sections
givc many TV repaimiwen lots of prob-
lems. but fortunately there’s an casy and
accurate way 10 check both of them. For
the most part, the difficulry has been that
both of those slages handle high frequen-
cies and. as a result. trying o make tests
on those stages upsets the operalion of the
circuitry involved. The answer 10 the
probiem is to find a test point that is not
“hot.™ In the IF section. the points that
can be used are the emitters of the three or
four uinptifier stages but the wner seetion

FIG. 1

is something else. We'll turm gur attention
10 the IF section first.

Testing the IF section

Figure | shows a schermnatic of a typical
IF amplificr used in many TV sets. The IF
amplificrs can be identified by the fact
that each emitter goes to ground through a
small resistor. In testing that section what
we wanl to know is if the emitier vollage is
present and if so. how close it is 1o being
correct. For instance. (refer to Fig. 1) the
cmitter voltage of transistor Q2 should be
3.6 volts. If that voliage is zcro we know
that the transisior is open or not con-
ducting for some reason. To use the emit-
ter as & lest point. simply connect your
meler probes across the emiller resistor
and measure the voltage. A dighal meter
is essential here because the normal volt-

ages will be something like 2. 74V, 1.28Y.
clc.—S50 @ VeTy accurate meter is neces-
sary. The DC voitage is developed across
the cmitfer resistor by the transisior’s ¢ol-
lector current: thercfore. if the emitter
voltage 1s comect. the collector and base”
voltages are also comect, 1f. on the other
hand. you find a transistor that reads zero
wolts at its emilter, thal ransistor is proba-
bty open and should be replaced; it not,
then same presious stage (component) is
malfunclioning,

Anopen transistor can be replaced by a
general-replacement transistor provided
the right method is used. You must make
sure that the replacement transistor is an
elecirical equivalent of the original. One
thing to watch outforis the |F rating or the
upper frequency cutoff poimt of the re-
placement iransistor. 1t should be at least

WwWwww americanradiohistory comm
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50 MHz. or better siill, 60 MHz or 75
MHz. I you cut it 100 close you may lose
some badly necded gain. The voliage rat-
ing will be ample. since collector voliages
are low. Another thing that should be
mentioned is that there are two pinconfig-
urations in the TO-92 transistor-case
style. One is the E-B-C and the other is E-
C-B, with the base and collector pins
transposed. You can usually find one wilh
the same pin configuration: bu if you
can’l, you can simply bend the base and
collector leads to conform Lo Lhe layout
and then caver one or both with a small
piece of spaghetti tubing {insulation).
You don’t need to worty about throw-
ing the stage out of alignnwnt. either. We
made test some years ago using & sweep
generator and a scope, and the curves
displayed for both the original transistor
and a general replacemcnt type were Lhe
same. In no way was there any deviation
from the original curve {which | had
drawn on the screen with a grease pen-
cil?). So. the new one will work just as
well as the original. Symptoms of IF tran-
sistor failure arc similar to tuner prob-
lems; that is, both can cause a slick screen
{no picturc and no snow). If you want to
pin it down a bit, pull the IF input plug and
feed in the signal from a wner subber. A
picture indicates trouble in the tuner; no
picture indicates a bad IF amplifier.

Tuner section

Tuners are a different ketle of fish. The
problem here is not usually an electrical
one, but in most cases a physical one
Many times the problem encountered will
be the familiar and frustrating * | can see it
but | can’t get to it” syndrome. (| had one
where the transistor that | had 1o reach was
mounted between two wafers of the band-
switch (see Fig. 2). an area about 1.5
inches deep. And, as vou may already
have deduced, | had no tool that was small
enough to fit into that arca—especially
not my soldering iron!) It's times like
those that make you start looking for the
address of the nearest tuner-repair ser-
vict

FIG.2

Let’s look at the symiptoms of a set that
was working, bul has suddenly lost its

picture—obviously some part has failed.
However, the problem isn't necessarily in
ont of the tuned transformers. butis more
likely to be a resistor, capacitor. or transis-
tor. Here, what you have todo is locate the
bad component—the next iests will help
you 10 quickly do just that. Symploms of
tuner trouble will give you a good clue as
to the location of the bad siage. For in-
stance, if an RF stage goes out. you'll
usually see “'snow ™’ on the screen but no
picture or sound—the snow comes from
the mixer stage. Also, a mixer-oscillator
transister going out will generally give
you no sound and no picture with a
“slick ™ screen (no snow).

Probably 1he casiest way (o trou-
bleshoot a TV's ner section is through
signal tracing. (Signal tracing is the pro-
cess of injecting a signal into the inputof a
circuit and then following the signal path
from the outpul to the inpul until you find
the malfunctioning stage or component. )

To use that method. an RF signal
source is needed. That source can be an
RF generatoror simply a TV antenna with
a few modifications. To use Lhe anienna as
a signal source. one side of the antenna
must be grounded and the other side con-
nected to a small capacitor (about 200 to

ITS HERE!

IES-EREE.. i

.. . AND IT'S YOURS!

Consolidated Electronics has a cataiog that's sure to please you.
We've slashed 80% of our prices in this catalog. We at CE|l are s0
sure that you'll find our quality parts dependable that we've put a
TWO YEAR WARRANTY on everything. Not only that, CEl is
offering FREE shipping and handling. Just callus TOLL FREE for

details,

CALL TOLL FREE TODAY!

1-800-543-3568

NATIONAL WATS

1-800-762-3412

OHIO WATS

705 WATERVLIET AVE.. DAYTON. OHIO 45420

IN DAYTON + {513) 252-5662

TELEX NO. 288-229

CIRCLE 18 ON FREE INFORMATION CARD
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It’s like no other magazine in the world!

Between the covers of this speclal annual publication are carefully selected articles on
scientific developments, recent technical advances, consumer products trends, develop-
ment of services, exotic communications advances, design information, hobbying tips,
and “what’s new” material compiled for your reading pleasure and information. Each
article was specifically chosen and prepared for publication by the editorial staff of Radio-
Electronics magazine, updated to the moment it went on press and printed. Here’s what
vou will read about in the 1984 edition:

VIDEQ ENTERTAINMENT—It
couldn’t be said all in one article sc we
compiled a 16-page special section
covering the changing and growing
field of entertainment in the home:
new video components with screens
from the gigantic to the tiny postage-
stamp size. accessories that didn’t ex-
ist last year, and tips on getting the
most from what you own or plan to
buy,

SATELLITE TV—The countryside is
strewn with parabolic tracking dishes
installed by home owners to pull-in
the countless television channels
transmitted back to earth by satellites
poised in space in geosynchronous
orbits. You, tco, can enjoy the pro-
gramming selection—and much of it
is commercial-free, too!

MOBILE TELEPHONES—What
was once a status symbol for the idle
rich is quickly becoming a working

tool lor the common man. Cellular
technology promises more channels
with a little help from applied comput-
er technology.
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DIGITAL AUDIO DISCS—Laser
rays are bringing new noise-free,
pulse-encoded audio programming
to your stereo system embedded In a
plastic disc immune to strawberry
jam, sandpaper. and desert heat.

MAIL ORDER BUYING—You've
heard the bad points, including the
myths. Now, here are the facts and
economics of buying mail order that
will be an asset to your business or

hobby.

PLUS—There's so much more, we
have space only to mention an elec-
tronic guitar funing project, theory on
digital filters, how to make inexpen-
sive computer cables, build a pro-
grammable home thermostat. tips on
buylng pocket-size shortwave re-
ceivers, stereo audio for TV, all about
VLF active antennas, news on pagers,
how to restore antique radios, and. ..

Radio-Electronics ANNUAL 1984

How to Order—

SEND CHECKS OR MONEY OADERS ONLY

We can'l drop your copy of Radlo-Electranics Annual 1984 inlo the mail sack
until we mecene an order from you! S0, 00 # fodayt FIll oul the coupon baow,
gving us all the infoimaton requestied. wite @ check or mongy order (N
s1amps} tor |he comect amounl, and mail at once to:

RADIO-ELECTRONICS ANNUAL
Circulation Department

200 Park Avenus South

New York. NY 10003.

] Okay, drop my copy of Radio-Electronlcs Annual 1984 into the mail bag 1
am enciosing $2.50 for 1he 1ssue plus $1.00 for posiage and handing for US,
Canada and Mexico. All other countnes add $2 00. US funds only

1 1can use Copves of Radio-Elecinanics Annual 1984, 1am ancloamg
$2 50 tor each copy plus $1.00 lor postage and handling for US, Canada, and
Mamnon, Al other countres add $2 00. US tunds onky.

Aliow 6-8 weehs for delivery

| know you have a hmited supply of the 1383 Edition of the Radio-Elec-
tronlecs Annual. Please send me _ - copres. | am enclosing $2.50 for each
copy pius 51.00 for postage and handling for LS, Canada, and Mexico. All other
counines add 52.00. US tunds onty

Piease Prmt
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300 pF). Now, touch the open end of the
capacitor o the input of the mixer transis-
tor, usually the base. If the signal is
passed on Lo the CRT, the mixer/oscillator
stages are working. The picture will be
pretty snowy but it does show that the
signal can come through and that that
seclion is operalional.

Once you find that mixer/oscillator
slages are OK, go to the collector of the
RF amplifier transistor. [f the signal gels
through that stage, the interstage coil,
swilch_ ctC., are good. If nol, you could
have 2 bad conlact in the switch or an open
coil. If the switch and coil check out OK.
next go lo the base of the RF amplificr
oransistor or the emitier—if it happens to
be a common-base circuil. If you lose the
signal between the collector and the in-
put. you have a defective RF amplifier.
The signal-lracing method can also be
used (o troubleshoot other seclions in the
TV set with the proper signal source. For
instance, the apdio section can be traced-
oul using an audio-signal gcnerator or sig-
nal tracer.

Thesc tests will work on the majority of
older sets—that is, any TV set that was
made before they slarted 1o make all the
IE’s in one IC. That covers a multitude of
sets! They're the ones that are growing
older. and hence more likely 1o fail. So the
market is still there. Good luck! R-E

SERVICE
QUESTIONS

NO RASTER

{ have a Magniovox T991 that has no raster.
Sound and HV are OK. I've changed the
videc delay module and the IF module.
What nex1?—R.K.. Chicago, IL

The RGB and the chroma modules also
can Cause brightness problems. but
changing them is haphazard and costly.
Measure your kine socket vollages. Focus
voltage at pin | should read 5.5 kV. Pin 10
should read between 450 and 800 volis,
depending on the setting of the masier
sereen control. Pin 9 is a fixed 50 volis.
Typical voltages on the three cathodes
should be about 175 volts. but will vary
widely depending on brighiness and
background settings. [f those voltages go
above 190V. the kinc will be cul off. Sce
whal’s missing and find out why.

NO PICTURE

On a Sylvania EO-3-1, while the raster i
on the tube [ get & full screen with no
video. but sfter a few seconds, the vertical
height gets smalier and finaily goes intc a
white line. TA20 of the power supply
shows 37.1 voits. | measure only 17.0

volts.—L.S., Brunswick. OH

You're mistaken about TA20 calling for
37.1 volts. 1t's TA22 that should read that
voltage, while TA20 calls for 24.5 volis.
That's an Important poinl to ¢larify. Those
two vollage sources. as well as several
others. are supplied by Q502. the regula-
tor. The [F strip depends on the 22_8-volt
source and the vertical outputs depend on
the 32.8-volt source. both coming out of
Q502 as well. Since you are getting 17.0
where you expect 24.5 volts. [ suspect
that something is pulling down the whole
supply. Try lifting the different loads until
vou find onc that brings the voltage no.
That's where you will find vour problem.

INTERMITTENT SWEEP

! had two cases of Intermittent sweep with
the GE AC-B chassis and | fixed them
boih. Now I have another AC-B that loses
horizontal sync sometimes after three
hours. other times after tive minules.—

B.O.. Jersey City, NJ
You didn’t say. but I'll bet the two you
fixed had poer solder connections around
the griplets in the vertical circuits. 1 will
also bet you have the same ptoblem
now-—this lin¥e in the sync circuil. Unfor-
tunately. those griplets. whien connect
top-of-board signal paths to the boitom of
the board. are not referred 10 in the sche-
continued on page 106

FORDHAM DISCOUNTS DISGOUNT
PRIGES ON HITACHI SCOPES

We will beat any advertised price

!
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COMMUNICATIONS CORNER

Digital RFIl problems

HERE FRIEDMAN. COMMUNICATIONS EDITOR

HIGH TECHNOLOGY OFTEN CREATES A
multitude of unforeseen problems. Forex-
ample. back in the days when we were
told that we should be seen and not heard,
we got rid of insects in the vegetable
garden by stomping on them., or we sim-
ply shared what mother nature had
provided-—we got what the insects didn't
destroy. In time, we bwilt an arsenal of
chemicats to kill the insects. They did the
Job but they also destroyed the land, killed
fish and birds, ctc. The sume problem
often occurs in electronics. (You pay for
what you get.)

In elecwronics. many of us grew up on
Pyranol capacilors. a tremendous break-
through in capacitor technolegy. Unfor-
tunately, the stuff that makes it a great
insulator and coolant can also harm birds,
fish. game, and people. It's not our inten-
tion to start any argumeats, but rather o
simply point out the way the real world
works. Remember that there is no such
thing as a ““free lunch.”” Every new
“breakthrough™ in the state-of-the-art
hurts someone or something.

The latest “*breakthrough™ to cause un-
foreseen and extensive problems is digital
communications or more precisely. digi-
tal anything. Back in the days when we
simply stomped on ganien insects, there
were only two major forms of RF! (Radio
Frequency nterference) as far as the gen-
cral public was concemed. The first type
was harmonics and spurious cmissions
from amateur-radio transmitters that
wiped out some TV channels—usually
Chanuels 2 and 4 (see Fig. 1). The other
type of RF! was hash ot elecirical noise
from the locai utility’s powerline hard-
ware, such as “pole pigs” (powerline
transmission transformers) and capacitor
banks that jammed or wiped out radio
communications from below the broad-
cast band (o well up into the TV channels.
And if you were lucky enough to escape
the hash caused by powerline hardware,
your neighbor’s vacuum cleaner or mixer
was certain (o throw you a zinger every
once in a while. But all that was easily

but it certainly can’t be ignored because
it's starting to permeate everything. Digi-
1al RFI, rather than the marketplace.
might well determine whether some fan-
tustic new communication technology
will ever become viable.

Digltal noise generators

Turning o home entertainment. the
distributors of high-fidelity equipment
see the digital disk as the gizmo that will
eventually revive the Hi-Fi industry. But
the engineers who design the systems
know that the 41-kHz sampling rate is
going to produce harmonics right up into
the broadcast band. Without extensive
shielding and RF1 suppression (a technol-
ogy not presently germane to Hi-F equip-
ment). we might well be listening to our
neighbor’s latest records instead of the
local DJ. That’s because the signals from
your neighbors digital-disc recording

AT&T 1o enter digital services via the
telephone sysiem. the transactional ser.
vices through cable TV, and the recent
approval by the FC.C. for digital teletext
encoding on TV signals. it's conceivable
that eventually most homes wilt have digi-
tal signals running throughout the house
witring—radiating into places where they
don’t belong. Already engineers and
technicians are worried about whether the
other digital services will affect theirs:
after all. it 1akes just a glitch or two 1o
wipe out & simplified (non-redundant)
digital transmission,

Digital RFI

Digital RF1 comes about because har-
monic generation is indigenous to the
very wiveforms used in the digital pro-
cess. Whether the waveform is nammow or
wide it starts off with *“square™ edges. as

- shown in Fig. 2-a. The leading and trail
& handled: amatcur-radic operators simply might be radiated into the air superim- ing edges are steep wavefronts that, if you
5 cleaned up their transmitters. Recently, posed on the radio transmission, and recall from your carly swudics in elec-
@ however, the FCC for the most part has picked up by your radio receiver. ronics. are efficient generators of odd-
Q Just ignored powerline and appliance And now we come to the “biggies:’ order harmonics. Then there's also the
3 hash. videotext. the computerized transaclionzl digital repetition rate. Computer hard-
Y But digital RFI is something else. It's services such as banking and shopping at ware such as that used for videotext and
'2' hard 10 avoid and often hard to clean up. home. and teletext. Between allowing transactional services operale in the range
o

104
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of approximately 300 Hz 10 19 kHz. and [
are controlled or determined by digiial @
signals in the 2 MHz 10 5 MHz range. :

Radio-Eleclronics

Buiid Your Own Satelite TV Recerver ST 00
8.Bail Satenne TV Amenna
Build Your Own Robol S'IZ oo

TV Descrambier (January, February 1981} $3 00

REPRINT
BOOKSTORE
Special Projects {Spnng 19811 .
Special Projects #d (Summer 1932] 54 50
Special Projects #5 {Winter 1383) §4.00
Special Projects #6 (Spnng 1983} $3.50

. iatly. 3 i Radio-Elactronics back rssues (1984] . $3.00 Special Propects #7 [Summer 83) NOT AVAILABLE
E:;w"!:’_!_l, d.“‘mr: gc\::]rf'ﬁ"g. ?Fllh gm‘R? Radlo-Electronics back issues {1883) .. S350 [ Special Projects 4 {Fall 83) $3.50
A Gl LI B 3 e {January. Februafy 1981 not available) Special Projects #9 (Winter 84) $3.00
t‘eglotl (ﬁg 2-b}' And we e ﬁ:c‘hng mUCh Write w1 155ues desired Radw-Electronics Annuat 1963 5350
of that inerfcrence through unshielded ?adlovihctrorla back issues (1982) . . ... $4.00 Raﬁio-&ecmfgés Bir;nual 1984 g%
i . Vi is- January 1982 not available) How o Make rds l
cables to recorders. printers. video dis S g - e S
Radwo-Electromcs back issues {3981} . 54.00 Modem Eiectronics {vol, 1. #1 . $2.25
{February, March. Decemnber 1981 nat available) April 1308)
Wrie in issues desired Exectro tmportng Co. Catalog §4 95
Etch your own PC boards £3.00 {1918) 178 po)
| L | Low Frequency Receiving Techniques .56.00
p To order any of D Nes indicaked sbove. chack off the ores Building and using VLF Antennas
you wat Complete te e 10T Deiow, snchude your pay-
muuum.uuuuuu.‘.u.i fIat, chech OF morey order (D0 NOT SEND CASH). and mail
: H fo Ragio-Elecironics, Reprint Depariment. 200 Park Ave  ARTICLE
. 1 South. hew Yo NY 10003 Please atiow 4-6 weeks Jor
t t - MONTH YEAR
300 Hz 6 MHx W you need 3 copy o an arhiche that 18 I an raue we indrtale 8
4 unavbitabie you can order il directty from s, We charge 50¢
Der page. INChcate By IsSue (month & vear) pages and aticle  TROES
FIG. 2 desired, INCudE payment in fulk iy SDOWG a0 handling @ 50¢ each
i charge TOTAL PAGES TOTAL PRICE
plays. telephone cyuipment. and power AR T T T =5

lines. (Powerlines? Yes powerlines. ) Have
you ever heard what a commonly-used
digital remote-conirolled light Switch
does to broadcast reception?

In actual fact. we haven’t begun to ex-
perience the effecis of consumer-equip-

fepnnt Department. 200 Park Mwe South, New York. NY 10003
Total prce of onder
Sales Tax (hoew York State Feidents ondy).
Shipping & Handing (US & Caraxa only) (includes FIRST CLASS POSTAGE) $100 per fem
All gthet countries ($2.00 per tem, sea mail) |
{34.00 per item. air maill

All payments must be in U.5. lunds

ment digital RFl on home and Total Enclosed
commercial communications systems. It Hame
might well determine just how far we can Address,
go with computerized high-tech devices City_ S It
in the years 10 come. R-€
SpEEgjcrﬂi:!ﬂ[rEI TC-150/8T qu.llpmenl, :'-ools.& SuppliOS k
TOOL KITS for Electronic Maintenance & Service.
'.mﬂ:d'au
: » Pace Desoldenng and Printed Carcun
73 $85.00 $309.95 ea Board Repair Products
P » 3M Static Contral Products. Work
Stations. Shielding Bags
75 $89.00 DR-126 | ®» Huntran Test Instruments
» Lindgtrom Hand Tools
7 $ 129.00 GLOBAL DATA ROUTER » PRint Tool Cases
$36.00 ea » Cooper Tool Geoup. Waller, Crescent, Xcelite
Jampmowno LCC-56 » Brand Name Toois and Supplies for
CABLE CONVERTER — Repars in the Feld or Depot
$99.95 & - =
a ? "= lae s nenes [
10 FOR - LRI
$89.95 ea TRIPLERS @’
P v-18a6
ATABUIZERRIAGE EhobacfR m*\ ‘:i:\; = : :Ol.a'l.l?z,o:. »
polp LT 8334 1208 68 B A US B1Z.00 08 800-638-2020
- B2aA 1878 aa 6B UP $1408 5e
(] 18.78 w4 A& g !| [
399'95 oa (54 ] 17.75 a8 (R ] 1 - =
w miseon conyectors | | [P RINT
- 1
Products International, Inc.
- econd Avenue
o8cLLoscares CENTRONICS 36 PIN PRI s
fw‘f&:&;mw " e MALE —'$5.47 o8 Silver Spring. MD 20910
1340,
X FEMALE - $9.95 ea
o akl S
v-21 - .80 ea
YOUR NAME _
ek ol D8-25S5 $9.75 ea
YOUR COMPANY NAME
SPECTRUM ELECTRONKCS  MASTERCARD ORDEAS ONLY;
5030 MARKET ST. :'.‘?:Ev SrEES 800-623-0721 STREET ADDRESS = e
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TELEPHONE DIALER
continned from page 86

pulsing out the digits to the phone inter-
face. It will Tunction with both rotary dial
and pushbutton phones. Any length
phone number is placed in the DATA
statement at line 1000. with commas sep-
arating cach digit. The last number enter-
ed is *"55.” That is used to Bag the cnd of
the phone number.

To dial, lift the telephone receiver and
listen for a dial 1onc. Then type the letter
"A" al the keyboard. The program will
print cachdigit of the phonc numberas it's
dialed.

To test the dialer without connecting
the telephone 10 the interface Circuit. lis-
ten to the relay as & phone number is being
dialed. When dialing is in progress. the
pulses generated by the program can be
heard.

Modifications

Though as shown in Table 1, the
BASIC program is limited to dialing onc
phone number. it may be modified for
dialing several numbers rather easily. To
do that, the program can be used as a
subrouting, with a phone-number access

program written around it.

The BASIC program simply uses the
out command Lo pulse the remote-control
relay. which is addressed at 1O port FE
To activate 1he casselle remaote~control re-
izy. the number 4 is oulput to port FF (sce
line 180). To deactivate the telay. 2 07 is
output 1o port FF (see line 200). R-E

“Bur Marge—think of the errific recep-
tion thar we'll get!™

SERVICE QUESTIONS
contimeed from page 103

mati¢ so they are difficult 1o locate. Moni-
Lor the sync-clipper transistor. in and out.
with a scope and volimeter. Once you
know where the signal is being lost. the
rest becomes easier.

NO RASTER

{ get no raster on an RCA CTC48. t've
changed the three output modules and
the chroma module. Stifl nothing. Can you
Heip?—G.M., Walled Lake, Mi

The MALOOIA/B video module. or
more specificaily. an open first video amp
wransistor (Q3) could be cutting off the
outputs. Alfthough the brightness limiter
(Q302) usually causes too-much-bright-
ness problems. it must be considered.

DARK BAND ON SCREEN

{ own & tube-era Sanyo color TV set that
has a dark band across lhe top of the
screen. { have replaced fillers without
luck. Could you suggest 8 cause?—_8.D..
Miami: FL

Yes. a filament-to-cathode Icak in one
of the signal wbes. Any tube—from the
RF amp 1o the video output—could be
causing your problem. R-E

G.E. “Terminet 1200" leaturing: =
110, 300 & 1200 B {11, 30 & 120 cps), A KSR
4 RS-20C 10, compact, tadie-100 contiguration, upper
4 iow Calb coMtMuouS Band, made I USA by General
Ewctng, tested and operabona

CAT Terminals ewn by a maoe 0EM, these
termunats nichude 3 TRETOgrocRssor boards chrtertace, CPU &

CRT) pius composte voec 4 swiiching power supply 48K of roms, &
“Ergonomec” desn and more  Expenmenter spacal nduces Data,
Kaydoare. RS-232 10 plus much mone Seem 10 be Qute powertul

Orll)’l I

|
g Pk mwgaza

dver and decoder catutry wnd tike TTL lwal, &0t

NESDA members are kept informed about industry develop-

Business

Opportumty

I¥s plenty tough belng
an electronics sales and
service dealer these days.

That's why we're working so hard
lo make it easker lor you to Operate
8 cost-eHective business.

NESOA offers business contacts.
technical and managemeni cartfi-
cation, substantial savings on bank-
card and insurance rates — and
Ihat's just the beginning!

ments and are offered the most Comprehensive managerial and

character, phus & 404 henction nput sigras Easily drven By most any nr*EnﬂlDNM.l.

o Use 23 ) fypewrter (eath a0d 1 *repear” arcudry) of as a KSR LG i
proter o hoth “Tabie Top® siyle case Oonly

I 9" Composite Video Input CRT Monitor D 339"'

Requeres appron. 12 VOC @ 1-2A VDC Martrachve case

technical training programs avllilatie Besides. NESDA is your
representative at the national level — including your volce to
manufacturers and the agencies of the federal government.

opportun"y knock. ol e Holional Bleclroncs Soles &

e s *-n;f ' NESDA
s S "ol || Answer it!

Shugart SA-400 “Mini-Floppy” Drives n | e 5" ke il
0 Moo® SA 400, U580, wholt, Umestid, bess power Supply " For more Information and an application, wrhe to:
4 Lasag Dabandiscremar ks Tiousets Removediin 7 Mt Eppiny NESDA. 2708 W, Beiry 81, Ft. Worth, TX 7610 Ph (#17) 921-9081
% Equepment . Namas _ .
E wovmy 4 GOl B Our Lotynt Fryer MOWTI] “Selecing” is 3 g » e
b AREMO Gram 230 X

WAREMOUSE 18 Granie $1 Haveshdll Mass a9

le.l Umegéeurcts & MAIL OROEAS Boa 204 Newlon Hew Hampsha® 01858 Address
é Il'!ariphmls 617/372-8637 State zip Phone
z nlimited MasierCard & VISA Accepred Mombaer of State [ Locsl O Assn.
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CoMPUTERDIGEST

NEW KIND OF MAGAZINE FOR ELECTRONICS PROFESSIONALS

1 1A

Quick comparison of these four
POPUlAR COMPUTER sysTEMS

raphics and TracTor feeds are easy and
NEXPENSIVE TO add 1O your system. Here’s a
bunch of pracrical modifications
ou canN make 1o your Epson
bR Smith-Corona

A shiny new Apple thar rakes
everal careful looks before
ou can really understand
hat it can do—how well ir
AN funcrion—and how
NEXPENSIVE iT REAlly is!

T really isn't difficuly
o use! And once

ou know how, i
an be easier ANd DETTER
han many other so-
Alled user-friendly
DPERATING SYSTEMS
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GONTENTS

Vol 1 No. 1 May 1984
4 Lisa, PC, Macintosh, And Peanut
A look at four popular systems and how they stack up
against each other. Byron Wells

6 Macintosh: A New Variety Of Apple
Apple’s new computer has created a bit of
excitement. Find out why, and exactly what it is that
makes the Macintosh so special in our in-depth review
of that new machine. Marc Stem

9 CPim For Beginners
Though it has scared off many a beginner, CP/M is one
of the best, and easiest-to-use operating systems
available. Herb Friedman

12 Upgrading Budget Printers
Just because you own a budget printer doesn’t mean
that you have to settle for budget features. Here's a
look at some products for upgrading some of the most
popular inexpensive printers on the market.
Herb Friedman

2 from The Publisher

3 Editorial

FROM THE
PUBLISHER

Welcome to ComputerDigest. This is Volume 1, Number
1 of what we intend to make a long series of continuing
publications. Our purpose is to bnng you something that
YOU cannot get elsewhere currently: a broad 100k at what
is happening in computers from the viewpoint of the
electronics professional.

That means that ComputerDigest is not written for the
typical computer operator or hoblowist. It is written for the
electronics professional—engineer, technician, or
hobbyist—wha has his feet solidly placed in the field of
electronics. To sum it up—the typical Radic-Electronics
readler.

Because of that slant, that onentation, we are different!
However, we de not replace any other computer
magazine. In fact, if we are successful in obtaining
permission to reprint articles from other computer
magazines, we may well serve as an introduction to what
those magazines have to offer In fact, you may biame
us—ComputerDigest—some time in the future for
Causing you to subscribe to so rmany other publications.

But for now, as Byron Wels, our editor points out on his
facing page—we need to know what kind of magazine
you want ComputerDigest to be We need to compare
YOUr input with our plan, making modifications where we
can to make the two pictures ovenap. 5o do write. We'll
read your letters, respond to them as Quickly 8s possible,
consider al! of your suggestions carefully and go on to
make ComputerDigest a really great publication.

| know |'ve said it before, but it is important so | will
repeat myself one more time ComputerDigest is an
added section in Radio-Electronics. Note that the pages
are numbered separately It takes no editorial space away
from any R-E reader If you like reading R-E, but are not
interested in comptters, just ignore the section, if you do
like it, you can tear it out and save it as a separate
publication.

ComputerDigest is our investment in the future of
electronics. Join with us and leam more about this existing
exploding field. You are an electronics professional today,
and that means you're going to have to know about
computers,

Sincerely,

LARRY STECKLER
PUBLISHER
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EDITORIAL

Another Computer Magazine!
Na! This one is different. Really different!

Considering the numbers of computer magazines available today, you could
80 broke trying to read them all. What's more, the amount of time you
would use up just going through all of them would keep you from getting
anyplace near your computer,

That’s why ComputerDigest is here.

We dlo read all the magazines in the field, and we read them very carefuily
When we see an articie that we feel is important to you, we pull it out and
put it aside. Then, once a final selection is made, each of those articles is
readd again and carefully edited to carve off the fat and leave only that
which is necessary t0 make it reaciable and informative.

When we can't get permission to reprint an article, we assign one of our
own authiors 1o do a story that fully covers the subject in our own style and
format. In this issue, every article 15 original with us. Next month, we hope
will start showing Carefully selected and edited reprints.

You gain two ways. First you don't have to buy those magazines you don't
really need. Second, you get to preview a {ot of magazines you may have
been considering subscribing to. If you fike the kind of articles they publish
(after you preview one or two in ComputerDigest) you Can subscribe,
knowing that it is a magazine you will want

Naturally, we can't operate in a vacuum. We need some input from you too.
We'd appreciate your comments, and we hope we'll be able to get a letter
column startect with the next issue. So do drop us a line and give us the
benrefit of your thinking. We need and want your help to make
ComputerDigest a more helpful, valuable publication for you.

We know you'l like what you find in the pages that follow, ang that you will
be looking forward to our next issue We feel that we have an excellent
opportunity to serve, and we Intend to take an aggressive stance to
accomplish that purpose.

Thark you for joining us here, and we hope we'll be talking to you again,
and often, in the future.

BYRON G. WELS
EDITOR
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when you talk to the experts, all you're going
to get is confused. Most people who already own
computers Compare other computers to those
they have. It's something like buying a new car It
takes a bit of getting used to. if you're switching
from a stick shift to an automatic you're going to
have some adjustment problems. And the
additional littie gadgets on the new car will
probably remain unused until you get accustomed
to their being there!

Got a keyboard with the legends printed right
on the keys? You might not like having the legends
off to the top of the key, on a separate insert. But
once you get used to it, who knows? You might
even leam to like it.

What we're trying to say, is that while a lot of
information is available when it comes 1o making
major decisions, we'd suggest that you do not
base an Important decision on a superficial factor,

Because mast of us like to comparison shop,
here's a good jumping-off place for you:

Apple’s Macintosh

This personal computer will solve ail kinds of
problems for anybody from a schoolperson to a
business manager. It comes with a mouse, and
offers a 32-bit (intemal architecture)
micreprocessor and bit-mapped graphics. You get
manty of the advantages of the Apple 32
supermiCro at an excellent price.

Apple’s Lisa

There are three, count ‘em, three Appie Lisa’s.
The Lisa 2, the 2/5 and the 210, If you want
Apple, and want more Apple than you can get in
a Macintosh, go for the Lisa series. Again, the more
Lisa you get, the better off you will be, so we
advise investing the most you can afford to make
your first expense your last. All the Lisas come
with a mouse, and as you'll see from the
specifications, they keep getting more and more
powerful

4 ComputerDigest — MAY 1984

Although there are more than two computer
Apple—always seem to dominate the headlines.
machines

Microprocessor
Memary

Disk drives
Disk storage
Keyboard

Size
weight

Other comments

TABLE 1
Apple macintosh

MCER000

64K ROM 198K RAM

One 34 inch microfloppy

SOOK per cisk

58-key detached (numeric keypad
oplional)

2.7 (wacith) X 10.¢ {depth) X 13.5
(height) inches

164 pounds (without keytooard or
mouse)

Mouse, independent clock/ calendar,
two RS-232/R5-422 serial ports, built-in
wvideo monitor, soundivoice generator

Microprocessor
Memory

Disk drive

Disk storage
Keyboard

Size

weight
Other comments

TABLE 2
Apple Lisa 2

MCEB000

16K ROM, 496K RAM
One 3%-inch microfloppy
400K per disk

76 keys with numenc pad

187 {(wadth) x 159 {(depth) x 138

height) inches
48 pounds

Three siots, two seridl ports, one
paraliel port, Built-in sEeaker with
software-controliatle tone generator.
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manufacturers. the same two—IBM and
Let's compare what their most popular
offer.

TABLE 3
IBm PC
Microprocessor 8058
Memory 40K ROM, 16K (standard) 1O 256K RAM
Disk drives Up to two S5¥-inch diskette drives
{optonal)
Disk storage 160K per diskette
Keyboard detached, with 6-foot cable. 83 keys,
auto repeat
Size 20 {width) x 16 (depth) x 55
(height) inches
weight 21 pounds {without drives) 28 pounds
(vth two drives)

Other comments Cassette O, frve exgpansion siots, built-
In speaker, BASIC interpreter RF
modulator o video montor must be
purchased separately:

TABLE 4
IBM PCjr
Microprocessor 8008
memory 64K ROM, 64K RAM
" Disk drives one 5Y%-inch double-sided drive
[optional)
Disk storage 360K on & couble-sided diskette
Keyboard cordiess infrared keyboard with 62
chicklett keys
Size 139 (wachth) X 11.4 {depth) x 38
{hetant) inches
Weight 6 pounds {without drive) 9 pounds
{with one drive)

Cther comments Cassetie 1O, two joystichs. Cord for
keyboard s optional, Display is 40
cotumns, 80 columns with upgrade
that also increases RAM to 128K (Both
that upgracie and disk drive are
included with the enhanced version,
Connector for TV 1s ophional, direct
and composite video are standard.

.

APPLE's MACINTOSH {sbove) and iBM's PCjr—two new ma-
chines generating a lot of excitement.

==y B

IDM's PCjr.

Many have taken to calling this “the Peanut,” and
it's a truly innovative unit with some features that
tickled our fancy—Ilike the cordless keyboard that
5 coupled to the system unit via infrared signals to
provide a degree of freedom heretofore
unavailable. It's an excellent, low-priced starting
unit, and will do a workmanlike job for the small
office or for the home

IDMs PC

There are two PC's from IBM. The PC and the PC
XT. Chances are that when you visit your local
dealer, if you ask to see the jr it won't be fong
before he’s selling you "up” to a PC or an XT. Both
are excellent values, and sufficiently powerful to
do any sort of job that you'd call on a desktop
unit for There'’s a vast array of software available
for both, and the specifications speak exceedingly
well for these units. «§@p
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MM:INTIISII: a new variety of apple.

Apples long-awaited new business
computer has arrived. Lets take a look at
what it has to offer.

MARC STERN

mNo one will know for some time the impact that the
Macintosh will have on computer users and the
computer industry—but we'd be willing to bet that it
will have a major effect The Macintosh, with its
MC68000 microprocessor, icons, and mouse, (we'll
explain shortly) may be an example of how all
computers will be designed in the years to come

To be sure, the Macintosh 1sn't the first small
computer 1o use the MCH8000. For example, Radio
Shack’s Mode! 16, which was introduced a couple of
years ago, and Apple’s Lisa both use it. 8ut the
Macintosh is the first system to use the power and
capability of that microprocessor in a computer that
costs under $2500.

Just what do you get for your $2500? You get the
main unit, the keytoard, and the mouse. The main unit
includes a 9-inch black-on-white display (519 x 349
pixels), the microprocessor and related Circuitry,
(including 128K RAM and 64K ROM), a 3.5-inch Sony
microfloppy-disk drive that can store up to 400
kilobytes; two RS-232/RS-492 senial ports, and built-in
sound and speech harcware. That's quite a bit of
power in a lightweight (17-pound) unit.

lcons and & mouse

Perhaps the most important features of the Macintosh
are those that make it easy for almost amyone to use it.
With the mouse (a desk-top “roller controlter™ and
icons {graphic representations of a command or
function), you can do a great many things without
knowing the first thing about operating systems or
command structures. All you have to do 1s move the
mouse on the desk, and the screen pointer (cursor)
moves to a picture (icon) that indicates the action you
want to take. Then, you push the single button on the
mouse and the system 30es 1o work.

& ComputerDigest — MAY 1984

For example, if you want to open a file, you simply
paint to a hile-foider icon, push a button on the mouse,
and a file is opened. O if you want 1O create some
text (provided the proper application program is in the
disk drive) you then point to the approgriate picture or
menu command at the top of the screen and you are in
the text-processing mode. During this time, the
computer 15 handling all the tasks without requifing you
to remember any commands to control its operating
system

That ease of use points the way the personal
computer world is likely to go. It seems almost
inevitable that the personal computer of the future will
be easy to use yet powerful, It's hikely the personal
computer of the future will take only a few hours or so
1o leam adeqQuately 50 you can use it for whatever
pumase you have in mind.

The Macintash is a logical progression of the small
computer-system. In the last decade, since the first,
“primrive” microcomputers became available, the
industry has advanced a step at a time from 4-bit to 8-
bit to 16-bit and to 32-bit architecture Each step in this
progression has brought with it an increase In power
and capability

Eight-bit microprocessors, with their 16 address lines,
can directly address @ maximum of 64K {actualty 216 or
65,536) memory I0Cations. Howevey, that figure was the
upper limit of its capability Some 8-bit-based systems
do claim the ability t0 address more memory, but they
are using fancy memory and timing techniques (bank
selecting) to achieve that affect.

For its time and for most purposes, that was more
than adequate for many computer users. it was a fairly
simple setp, requinng onty 16 address lines, erght data
lines, and various control-bus lines. But that simplicity
had its drawbacks, especialty for systems and program
developers, who just love more and more computing
power. The 64K limit of memory addresses and the
relatively primitive level of instructions available limited
them in what they could do.

fortunatety, the 16-bit miCroprocessor began to make
its appearance. Here is a device which can directty
address more than a megatoyte of memory (2%° bytes).
Of course, it is a bigger, more powerful device. It uses
20 address Iines plus a 16-line data bus for its 16
internal data regsters, and lines for timing and other
control functions. System designers and programmers
can o a great deal more with it because not only can
it support far more memory, it also has a richer
nstruction set,

Although 1t was the type of device which could do
cartwheels in the eyes of developers, it was also a
device which required more support circuitry than an
8-bit microprocessor. 50, of necessity, the motherboard
in a 16-bit computer became much more complex

And that brings us to the Macintosh and its 32-bit
internal architecture, the next step in the
microcomputer revolution. Unlike its predecessors
{such 8-bit devices as the 280 or 8080 and such 16-bit
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MICTORIOCessors as the 8086/8088), the MC68000 is
packaged in a 64-pin flat pack with 24 address lines, 16
data lines, and 20 control lines. it has a8 32-bit intemal
architecture (its has seventeen 32-bit data and address
registers) and it has the capability of directly
addressing 16 megabytes with its 24 address lines.

Macintosh's only limitation at the moment 15 the
amount of RAM available: 128K. Unless a program
designer wants to move applications routines in and
out of memory with constant use of the single disk
drive (a second optionai drive 15 available), most
routines will actually be single tasks. When Apple
upgrades the Macintosh to a promised 512K of RAM in
the fall, then multitasking and tnue concurrency will be
available,

Still, Apple’s unique way of handling input and
output makes it seem as if Macintosh is capable of
concurrency You are able to call up two concurrent
applications under the main program and have them
resident on screen, with one of the executing. Much of
this is due to the fact that a large pari of the
Macintosh's operating program is stored in read-only
memory and is called for by the disk-based
applications program. Because it is, very little RAM 18
wasted holding the operating system and thus the
entire 128K is availabie for use.

But this 1s getting away from the point here which is
that Macintosh's microprocessor points the way to the
future and it is a logical step in the microcomputer
revolution.

16 or 32 Bits?

You might have noticed that whenever we said "32-
brt,” the word “architecture” ahways followed. Aithough
Apple markets the Macintosh as a 32-bit computer,
there are some who would debate that terminology,
preferring to call it, instead, a 16-bit computer. The
reason 15 the number of data lines. The 58000 uses 16
data lines (rather than 32) to bring data to its 32
registers. The result is that the device must make two
16-bit fetches, which slows things a bit. However, once
the data are inside the processing unit, they are
processed in 8 32-bit manner S0 what kind of
computer is the Macintosh? it is a 16/32-bit machine.
The MCOB000 uses special timing routines for data

INpUt, 50 it works nearly as fast as a true 39-bit
microprocessor—although Motorola (the
miCroprocessor’s manufacturer) calis it a 16-bit device.
For convenience, though, we'll continue calling the
Macintosh a 32-bit machine. Just remember, we're
referring to the microprocessor’s intemal architecture.

Macintosh comes with 192K of intemal memaory,
which consists of the 64K ROM that stores marny of the
operating system primitives and device drivers, as well
as other system and device calls, and 128K of RAM.
Mass storage is via & 3 5-inch microfloppy diskette,
which holds 400K of information on a single-sided
double-density disk.

When you open the syste