BUILD A
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adln_ SATELLITE TV RECEIVER
FOR UNDER $100
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ECHNOLOGY - VIDEO - STEREO - COMPUTERS - SERVICE

BUILD THIS WIRELESS

/IDEO-CAMERA LINK ,
ut the cables that tie you to your VCR.

BUILD A HUMIDITY MONITO

onitor the weather and spot
langerous static conditions.

BUILD A SIMPLE
USIC SYNTHESIZER

s easy to build and even easier to play!

RANSISTOR
SWITCHING CIRCUITS

Designing for maximum efficiency.

-LECTROMAGNETIC

NTERFERENCE
ow to fight EMIin your designs.

OW TO SERVICE | \ e
D PLAYERS fe4%:

A troubleshooting guide.

«PLUS:

* New column: Ask R*El k ComMPUTERDIGEST
* Robotics ®Service Clinic X PC Service
* Antique Radios x New ldeas



www.americanradiohistory.com

TEK
Now! Tek quality

P213A/2215A/2235
DUAL TRACE OSCILLOSCOPES

THE ANSWER

BY ANY MEASURE

and expert advice

are just a free phone call away!

The industry
standard in CRT
Eerlormance.

"?' easy-to-

ad, bright CAT;
14kV accelerating
potential, provides
high writing rate
and small Spot
s1zg. Full size 8x10
cm display for
measurement
accuracy.

Display controls
are flexible and
easy to use. Sep-
arata intensity
controls reduce
blooming in aler-

nale sweep mode.

Focus Iracking
minimizes control
adjustment and
BEAM FIND eliri-
nates confusion

Vertical sys-

tem provides
measurement
assurance. Flat
fransient response
and high accuracy
ensures lrue
reproduction of
your signals. Fast
risetime and high
bandwidth 15 well
suned for a variety
of measurement

Pertorm delayed
sweep measure-
ments accuralely
and easily. Bolh
sweeps can be
displayed alter-
nately making dif-
terential measure
ments easy and
accurate (1%).
An interlocking
SEC/IV controt
simplifies set-up

Stable hands-off
tri ng. P-P
AUTO getects sig-
nal peaks, then
sels the Ingger
level for you. Dhs-
play asynchronous
signals usin
VERT MOD
gering. Indepen-
denl TV field and
ling selection

trig-

Front panel laid
out by function
for ease of use.
Cotor coding aids
the user in opera-
tion. Funchions
and modes are
placed logically.
All nomenclature
1s Clearly labeled,
and protecled
betund a scratch-
less Lexan surface

=
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1-800-426-2200

Our direct order line gets

have the bandwidth for digital
you the industry’'s leading

and analog circuits. The sensitivity

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

The 60 MHz single time base delay

2213A, the 60 MHz dual time base
2215A and the 100 MHz dual time
base 2235 offer unprecedented
refiability and affordability, plus the
industry's first 3-year warranty”

on labor and parts, CRT included.

The cost: just $1275 for the
2213A, $1525 for the 2215A,
$1750 for the 2235.1 Even at
these iow prices, there's no
scrimping on performance. You

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

You can order, or obtain
literature, through the Tek
National Marketing Center. Tech-
nical personnel, expert in scope
apphcations, will answer your
Bueslions and expedite aelivery

irect orders include comprehen-
sive 3-year warranty”, operator's

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

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

Ask for Rick.

in Oregon, call collect

(503) 627-9000.

Or write Tektronix, InC.

P.O. Box 1700

Beaverion, OR 97075

Tektronc

COMMNT TED 10 EMCELLENCE

Cooytighl ® 1985, Takirgnon, INC. Al nghis resaned #TTA-439-3 tPrce FOB. Beaverion, OR 1 year watt anty inchudes CAT,

CIRCLE 257 ON FREE INFORMATION CARD
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Vol, 57 No. 2
BUILD THIS 51 WIRELESS VIDEQ-CAMERA LINK RADIO
Who says you need a portable VCR to make 96 COMMUNICATIONS
great video movies? CORNER
William Sheets and Rudolf F. Grai All about diversity
57 $99 SATELLITE-TV RECEIVER reception.
Part 2. Here's your chance to get started Herb Friedman
receiving satellite-TV! 108 ANTIQUE RADIOS
Richard D. Maddox A history lesson on
61 HUMIDITY MONITOR ancient electronics.
If you're an electronics hobbyist, you had Richard D. Fitch
better be concerned about humidity in the
winter months! VIDEO
Mark C. Worley 110 SERVICE CLINIC
75 MINI MUSIC SYNTHESIZER Troubleshooting problems
This is a fun, easy-to-build project that can with [C’s. lack Darr
make anyone a musician, 111 SERVICE QUESTIONS
88 PC SERVICE Answers to your TV-service
Use the direct-etch foil patterns to make §NUESRORSE
circuil boards {or your wireless video link,
satellite receiver, humidity monitor, and mini COMPUTERS
Page 104 Monitors, speaker design,
TECHNOLOGY 79 REPAIRING COMPACT DISC PLAYERS and more
Part 4. Find out how CD players work—and SPECIAL
what to do when they don’t. REPORT
gt 56  HIGHLIGHTS OF THE NPE
94 ROBOTICS CONVENTION
Brains for your robot. A report on last years
Mark |. Robillard historic get-together!
103 SATELLITE TV EQUIPMENT :
The Ku band.
Bob Copper, Jr. REPORTS

CIRCUITS AND 71
COMPONENTS

83

12

CURING ELECTROMAGNETIC INTERFERENCE
Part 3. How to EMI-proof your designs.
Michael E Violette

ALL ABOUT TRANSISTOR SWITCHES
Good design techniques are often
overlooked when designing switching
circuits. Here’s how to do things the right
way. L.B. Cebik

DRAWING BOARD
A Z80 demonstration program.
Robert Grossblatt

28 Tektronix 318 16-Channel
Logic Analyzer

40 Rhoades TE-600 Teledapter
Stereo Synthesizer
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COVER 1

Have you decided that the only way to
make the video movies you wantis to buya
portable VCR and camera? Well, think
again! Our wireless video link will let you
transmit video signals from your camera to your VCR over one of the
UHF channels! it just might be the ultimate in portability!

Making moves isn't all that our video link will let you do. You can
also use it to transmit signals fromyour VCR in one room to a TV inany
other room in the house—all with wireless convenience.

Our thanks to Magnavox for providing the Lolifte video camera that
our model is using with the wireless video link.

NEXT MONTH

THE MARCH ISSUE IS

ON SALE FEBRUARY 4

SPECIAL SECTION ON ROBOTICS

Two special articles will bring you up to date on the
robotics industry. The first is a buyer’s guide to the
market. The second tells you what's involved in build-
ing your own robot!

BUILD A DELUXE VIDEO TITLER

Due to space restrictions, we were unable to run the
final installment this month. In March, we'll finish
things up with a look at the software and how to
interface the titler to a computer.

BUILD AN AMPLIFIER FOR YOUR WALKMAN

Who says you have to listen to your personal stereo
through headphones?

HOW TO AVOID HOT PROJECTS
The second and final installment gives more hints and
design considerations.

Ag & sonace 10 maders Aade-Ewctronies pubhishes Ele plars of ik Lating o r products, techniques
and scentific and |od1noloq-cal deviopments Because of possibie vanances i the Jualny and on of materims and

whup used by readers, Radic-Elacironcs disclaims ary msponadily for lha sate and proper bungioning of reader-buill
progects basad upon of lrom plana or onmuabon published (N this magazng

Since some of tha tar\a Gircuitry described i AADIO-ELECTRONICS mary relste 10 or bi comvtied by US. patents,
RADIO-ELECTRON m{ kaliirty tor the infringement of such patents by Ihe making, using, or seling of amy such
BQuIpMEnt O SCuNry, and SUgests That anyone misrested o Buch prpecls & patent atomey
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NEW!

uniden
Beancaft

)

€q€/v\C§‘_®

Scanners

Communlcations Electronics;
the world's largest distributor of radio
scanners, introduces new scanners
and scanner accessories fromJ.I.L.,
Regency and also Uniden/Bearcat.
Chances are the police, fire and
weather amergencies you'll read
about in tomorrow's paper are comlng
through on a scanner today.

NEW! Regencyy MX7000-K
List price $659.95/CE prica $429.00/5PECIAL
f0-Band, 20 Channat « Crysiatissn &« AC/DC
Frequency¥range: 25-550 MHZ continuOus coverage
and 800 MHLZ 1o 1.2 GHEZ continuous coverege
In addition to normal scenner listening, the
MXT000 oters CB. VHF, and UMF TV audlo. FM
Brosdcast, all aircraft bands {civil and militaryl.
800 MHz communications. Céllular telePhone.
and when connected (o mprinter or CAT, satellite
weather pictures.

NEW! Regency® MX5000-K
List prica $599.95/CE prica $329.00/SPECIAL
Muit-Band, 20 Channat ® No-crystalscannar
Search ® Lockour ® Priority » AC/DC
Selactabla AM-FMl modes ¢ (.CD display
world's firat contlnuous coveraga scanner
Froquency range: 25-550 MHZ continuous coverage
Never balore have 80 many fealures ¢come in
suich a small package. The Regancy MX5000
mobile or home scanner has continuous cover-
age from 25 tp 550 MHZ Thalt means you can
hear CB, Televislon audio. FM broadcast sta-
tions, all air¢raft bands including mbitary and
the normal scannér bands. atl on Your cholce ol
20 programmable channels

NEW! Regency® MX4000-K

List price §629.95/CE prica $299.00/SPECIAL
Muit-Band, 20 Channal e No-cr¥stal ecanner
Sofrch ® Lockout & Prigrity ® AC/DC
Salectabla AM-FM modea o (.CD diaplay
Bandx 30-50 18- 138, 144- 174, 440-512, 503850 MMHLZ
The Regency MX4000 is gives coverage in the
slandard VHF and UHF ranges wilh the impor-
tant addition of the 800 MHL and arcraft banda.
It i@atures keyboard entry, multifunction lQuid
crystal display and variable search InCrements.

NEW! Regency® Z60-K
List price $379.95/CE price $216.00/SPECIAL

G-Barwd, 80 Channal ® No-cryatal scannar
Bands JO-50. 88- 108, £18-138, 144-17¢ 440-512 MH2

Cover your choice ol over 15,000 freQuencies
on 80 channels al the touch of your finger.

Regency
AK280

NEW! JIL SX-400-K

List price $799.95/CE Price 3409 00/S5PECIAL
MuitkBand, 20 Channal v No-cryetal Bcannar
Baarch ® Lockou! & Priorlty & AC/DC
Fraquency range 28-520 MM continuout SOverage

Witn Dplionally $Qu.0083 RF conve:r'era ISOKME-D 7 GHE
The JIL SX-400 syNiheszed scenner 15 dedigned for
commercial e brofess:onal menitos usdrs Inet de-
mand lestures not fgyna N ordinary scannera The Sx-
400 will cover from 150 KMz 10..7 GHZ with RF
convarten. Ordes the Icliowing RF converiera for Your
SX.400 scenner. RF-1030-K gt $250.00 each for
frequency mnge 150 KHE - 30 MHE USB, L5B, CWand
AM ([CW filter required for CW s¥gnal receptani APk
S080-K &t 5199.00 aachior 500-800 MHE.: RF-B014-K
ol $199.00 each lo; 800 MH2z-1.4 GHZ B# sure to
#30 orcer ACB-300-K &t $39.00 each which i8 an
antenna cantrol DOX lor connectlion of the AF Converterss
The AC-4000-K daty inledace at $280.00 each grvas
you control of the SX-400 scanner end RF canverlars
Inrough a computer. Aoc $3.00 shippeng for aach AF
converter, dats inte dace of antenns control box. If you
naed turiher information on ra JIL scannars, conlact
JIL directly st 213-826-8727 or write JIL at 17120
Edwards Road. Cefritos. Caldornia 30701 US A

SPECIAL! JIL SX-200-K

Liat price $499.95/CE special Price $159.00
Mutt-Band - 18 Channal ¢« No-Cryetal Besnner
Erequency range 26-48. 108-180. 380514 MMZ

The JIL SX-200 scanner iunes miltary. F.BL, Space
Sstelitws. Police and Fire, Drug Enforcement Agencies.
Detfense Department, Aeronautical AM band. Asre
Navgation Barndd Figh & Garne. ImMiQration. Parsmedice.,
Amateur Rackd, Jusrics Depariment, State Department,
plus other thousands of radio irsquencies mowt other
scannars can’t PR up. The SX-200 hes selecteble
AMUF R reconesr Circuits, Trkswitch squeich settings -
signal. audio and signal 3 autha, cutboard AC power
supply - BC 81 12 volis buih-#\ Quastz ciock - bnght
vatuum Huorescent Dive readouts snd dimmer, dual
laval search speeds, trklavel scan deiay swiiches, 18
memory chennals in two Channels banks. recene line
tune (RITHE 2KHE, dus level AF gain settings - 20 db
pad. AGC tesi points ior oDtional wdnat sirengih meters.

Regency® HX1000-K

Lis1 price 5329 95/CE price $209.00
&Band, 3¢ Channel &« No Crysial acanner
Saarch & Lockour ® Priority ® Scan dalsy
Sidailt liquid cryatal display & Digital Ciock
Frequoncy mnge 10-50. 144-174, 440-512 MML
The new handheld Aegency MX1000 scanner B fulky
kayboard programmatile for the ultimale inversalik
fty. You can acan up (0 30 channeis at the same ima.
When you aclivate the priornity control, you automal-
icatty override all olher calis to listen 1O your Mivorite
frequency. The LCO disclay & even sidelit for night
use, Order MA-256-K rapid charge drofrin battery
charger for $79.00 plus $3.00 shipping/handiing.
Includes wall charges, Carrying case. belt Chp,
flezible antenna and nicad battery. Order now.

NEW! Bearcat® 100XL-K

Lisl price $349.95/CE price $229.00
S-Band, 18 Chennel & Priorily » Scan Delay
Sesarch * Limilt &« Hold & Lockout » AC/DC
Fraquency range: 30-50 F18-174. 406-5 12 MMz
The world e first no-crystal handheid scannar now has
8 LCD channel display with backight dor low Hghl use
and 8kcralt band coverapi at ihe same Ow price Sizeis
1M x T 2 2% Th Bearcar 100XL has wide frequency
covsrage thAl Includes all public sernce bands (Low.
High, UHF and *T* bands}. the AM sircrah band, the 2=
mater and 7O cm. amalsur bands, plus mikiary and
federal government frequancies. Wow. what Escanner
Included i aur low CE price i 8 srurdy Caryng case.
earphone, battery charger/ AC acaptir, SIX AA nrCad
baticres 2nd llaxble antenna. Order your Scanndr now.

NEW! Regency® HX2000-K
Tha World's Firat 800 MNz. Nandhald Scannar
List price $569 95/CE prica $359.00

7-Barnd, 20 Channel ® No'crywlal acannar
Priority control 8 Saarch/Scan * AC/DC
Sidelitliquid crysial diepiay & Mamory backup
Bands: 118-138, 144- 174, 420-512, 800-950 MHZ
The HX2000 scanner operates on 120V AC of B VDC.
Scana 18 channels par second Sue X" = 7" X 1H ™
Includes wall chargar, cafrying case, beit CLp, hexible
AntAnNE and nicad balteres Selectable AM/FM modes,

MX4000 =
HX2000

MX7000
CIRACLE 79 ON FREE INFORMATION CARD

NEW! Bearcat® 800XLT-K
List price $499.95/CE price $329.00
f2-Bend. 40 Channal v No-cryelal ecannar
Priorlty controf * Search/Scan * AC/pDC
Bands: 29-54, 118-174, 406-512, 808-912 MMz
The Upiden S00XLT rece:ves 40 channals N bwo banksg.
Scans 15 channsie por second Size 9% c 4%~ 1124,

OTHER RADIOS AND ACCESSORIES

Panasonic RF- 2800 K Shorfwawl recenves. 17900
Panssonic RAF-B300-K Shoartwirs ricaver 195,00
RADOS-K Unigen Aemote mount Radaf Detector $139.00
RADS5-K Uniden Visor mounl Radar Dabector . $119.00
BC 20/20-K Saarcal 40 Channgl scannes . B274.00
8C Z10XW-K Besrcat 20 chinnel Banne . $219.00

BC-wA-K Saarcat Wearner Alerl™. 139.00

DX1000-K Be8:C81 BhOMwavs focené: $459.00
PC22-K Unider remole mounl CB trBnscervt .

PCSS-K Unigen motie moun CB trenecene $59.00
Z10-K Regency 10 channel scannes $129.00
Z30-K Regancy 30 channel scannes $154.00
ZA5-K Reg@ncy 45 channel BCEnne: $179.00
R1080-K Aegency 10 chEnnet scanmes . $88 55
MXZ000-K ReRencr 30 Chinn®l SCANNET $18%9 00
CAQYN-K Regarncy 4 channel seanner, $£5.00
R10€-K Regeacy 10 Channel scannes . $99.00
RM2S06-K Aegeacy 10 chanae VHF transcens  $329.00
RU1 508 K Regency 10channel UHF Irenscene  $.440 00
RPHA10-K 10 ch nandheld no-crysial tranacwses 339900

BC10-K Ballwry charger fow Regency APHL10. $19.00

MAZS6-K Drogein chargur 1or MX1000 scanner.. . $70.05
MAZ5T-K CiQmrette Sohier cord for MX1000. 51995
MAZ17-K NFCM baltury pack for HX1000 $24 95
EC10-K Progremming roolfor Aegency RPHA10 2000
SMRMZ30-K Sennce Men. 105 Regency RH250 52000
SMRU150-K Sanace man for Regency RUIS0. ... 520 00
SMRPH4 10-K Sernce man for Repency APHA10 ... $2000
SMMXTOO0D-K Svc man jor Mx70004 MX5000 . . .. #20.00
SMMX3000- K Sarnce man. fof fagency MXI000 . $2000
B-4-K 1.2 ¥ AAA NG barieries (se & ioun, $9.00
A-135C-K Crysiel contlicate 5 33100
FB-E-K Frequency Directory for Esstern WRA . $12.00
FB-W-K Frequency Dirselory ior Western UWAA .. $12 00
TSG-K “Top Secrer” Regisiry of U A Gowt Freq .. 515.00
TIC:-K TochniGues for IAtErcoping Commm $1500
RRF-K Raillroad frequency direciony $10.00
CIE-K Coverl InteliQenct Elact Eqvesdropming .. 515 00
ABD-K Magnel mount mobde scanner antenna $35.00
ATO-K Base slabion sc@nner 8Mtenna $3%.00
USAMM-K tdag mount vHE/UHF ant. wi 1T catle,  529.95
UBAK-K % holé mount VHF/UMFant w/ 1T cable .. $3595

$35.95

UEATLM-K Trunh 0 mount VHFIUHF antenna
ASd$3 00 shippeng 1or Rl acce3s0nes ordered at the same tird:
Add $12.00 shipping D#r shortwaye recever.

Add $7.00 BhORING par SCann®r and $3.00 o1 anfennk

BUY WITH CONFIDENCE

To mel iha lasies! delivary rem CH of any soanncr,
send OFf DhoOn® your Crcder directly 1@ our Scanner
Cimtribution Center™ Michigan residenis please add 4%
sales tAx of Supply your tax LO. number Writien pur
Chase Orchers are scCcepled from approved government
agencws and most well r&ted Hrmy 8l 8 10% surcharga
for net 10 Bukng. AN sales ek subvect 1o Bvmlability,
acceptancy and verfication Al saies On SCCEASONES
pre fingl Pragew 1erms and $pecficationa are subiecr t0
change wiibout notice: AJl pHces e in LS doliars. Out
of $10¢K item s will Dt placed 0N backorder sutomaticatly
uniesy CE 8 ingtructed differenty A $8.00 additionsl
handiing fpa will be charged for all Orders with &
me rchandi sa TotAl under .00. Shipments are F.O B
Ann Arbor, Michigan. No CODS Most Broducts that we
$€ll have & menulacrurers warthnty Frie copies of
wartfinties on these productdk aw svailable pror to
purchase Y writing 10 CE Non-certif.ad chechs require
bank ctearsncey

Mall orders t0: Communications Electron:
ics® Box 1045, Ann Arbor. Michigan 48106
U.5.A Add$7.00 perscannerfor U.P.5. ground
shipping and handling in the continental U.S.A.
For Canada. Puerto Rico. Hawaii, Alaska, or
APO/FPO delivery, shipping charges are thrag
times contlnental U.S. rales. If you have a Visa
or Master Card. you may cali and Place a credit
card order. Order tolklree in lhe U.S. Oial
B00-USA-SCAN. In Canada, order tolkiree by
calling 800-221-3475. Telex CE anytime. dial
810-223-2422, If you #re outside the U.S. orin
Michigan dial 313-973-5888. Order today.
Scanner Dainbulon Canter” and CE 10003 are frade-
marks o Communications Electronica Inc.
t Besrcal @ B tagalevivd 1rademark Of Unafen Covporation.
1Repency b B tederaily regrstersd Irademars of Regency
Electronecs Inc AD a090385 K
Copyright © 1985 Communications Electronice

Forcreditcard orders call

1-800-USA-SCAN

Al COMMUNICATIONS
ELECTRONICS INC.
Consumer Products Rivision

P.0. Box 1045 [ Ann Arbor, Michigan 48106-1045 U.5.A,
CalBOU-USA-SCAN oroutside U.S A 313-973-8888

WWWwWwW americanradiohistorv comm
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Full-featured
frequency
counter

The DM850 offers more than any
digital multimeter in its price class:

4% digits. DCV accuracy is

05% + 3 digits
True RMS
Frequency counter to 200KHz
Data Hold display capability
DCV-5 ranges ( 2Vto Tkv)
ACV-5 ranges { 2V to 750V)
DCA/ACA- 6 ranges (.2mA to 10A)
Ohms- 6 ranges ( 200 Ohms to

20 Megohms )
Continuity beeper
Diode check
Built-in bail
Anti-skid pads

Prices: DMR50 ( True RMS) . . . ¥219%"
DM800 ( Average RMS) . 3169%*

See one now at your local Beckman
Industnal distributor.

oot e ardt !

Bnrlr FFRRaD 'ﬂdl e r_i:l' He

Beckman Industrial Corporation

A Subsidiary of Emerson Electric Company
630 Puente Street, Brea, CA 52621

(T4) 674800

© Coparith: BN Beckean [ndustnal Corporsisn

e
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EDITORIAL

Radio-Electronics is on the move!

Radio-Electronics is moving! Yes, we’'re packing our bags and getting
set to move out of New York City. We're not taking the move lightly—
we’ve been at our present location for about seventeen years. And we
have to admit, we like our Park Avenue South offices...but not as
much as we're going to like our new place.

Being thirty miles east of Manhattan does have its advantages. Our
new Long Island offices will give us room to think and room to grow.

Don’t think that because we're leaving the Big Apple that we'll siow
down to an easier pace. We'll be moving faster than ever to keep you
up to date and informed. Any changes we make will be for the better.
Next month, for example, you'll see a special section on robotics, and
a new column devoted to new technology. We intend to stay on the
cutting edge—and to keep you there, too.

We also plan to become more responsive to your needs. We started
our new Ask R-£ column to answer your questions. Of course we can't
answer everybody, but we'll answer the questions that will be of
interest to the largest number of readers. If we can't answer your
question, we'll try to steer you to someone who will.

I see that 1've strayed from the subject | intended to write about. But
that's because I'm more excited about being the new Managing Editor
than | am about moving. But I'd be even more excited to hear from
you. | want 1o hear your honest opinion about Radio-Electronics. Just
write a postcard or short letter and let me know what you think is the
best article or column in this issue. Let me know what you think is the
worst, too. While you're at it, tell me something about yourself.

I guess | better tell you our new address. It's:
Radio-Electronics

500-B Bi-County Blvd.
Farmingdale, NY 11735

AR

Brian C. Fenton

Managing Editor

WwWww americanradiohistorv comm


www.americanradiohistory.com

Nz FLUkE

OATDAAMIACS 1A/,
WiIiNnWViIYIw, 11vw.

New and Used Electronic Test Equipment
Sales ® Service ® Rental ® Leasing

tracH! 3.5 Digit DMM /3+¢° With Scope Purchase

FEATURES: s AC DC voitage & Data hold
& AC DC current ® Manual or autoranging
¢ Resistance ¢ Overload protection
® Diode test e |LLCD display
e Audible & Built-in stand
Continuity check s Battery included
s Temperature ® Test leads included

{Type K, 3510 & 3525}

Stecial!

BASIC One With Any
DC VOLTAGE QTY 1 QTY 3+ Scope Purchased
MODEL ACCURACY PRICE PRICE From RAG
3550 +.5% 2 digits $49.00 $42.00 FREE
3525 +.25% +2 digits $64.00 $54.00 £19.95
3510 +.1% x2 digits $79.00 $67.00 %2995

2 year warranty plus carrying case included!

MODEL V-222 $536.00
DC to 20 MHz, 1 mV/div, Dual Trace. D.C. ofiset for
DMM Output, Verticle Mode Trigger, 6" CRT

{w/two X1/X10 probes).

MODEL V-422 $694.00

DC 10 40 MHz. other features same as V-222
{w/two X1/X10 probe).

MODEL V-1050F $1,276.00
DC to 100 MHz, 5 mV/div. Quad Trace, Delayed Sweep,
Full T.V. Triggering. alternate time base

{wftwo X1/X10 probes).

Modal V-422 ahown

MODEL V-212 $461.00 MODEL V-650 $956.00
DC to 20 MHz, 1 mV/div, Dual Trace. Features 6" DC 10 60 MHz. 1 mV/div, Triple Trace, Delayed Sweep,
Rectangular CRT (wftwo X10 probes). Full T.V. Triggering. variable trigger hold-oft

{w/two X1/X10 probes).

NEW! 3 year warranty parts and labor on above scopes!
RAG Electronics Is a factory authorized Hitachi repair cenler.

CIRCLE 126 ON FREE INFORMATION CARD

. @ T ADD FOR SHIPPING AND INSURANCE
CALL LS TOLLEAEE [ ::;:t: crc\;i:'n” 39 15 325000 : 5450

1 -800-732-3457 & Money Order M 525300 10 $60000 . $6.50
& Cnece =] $501.00 10 375000 . $8.50

I{N CALIFORNIA TOLL FREE $751 00 to 51000, .$12.50

1 .800.272.4225 ower S100000 ... BTS00

Prices subject to change without nolice.
RAG ELECTRONICS, INC. /21418 Parthenia Street/ Canoga Park, CA91304 / 1-818-998-6500

- =X =Polaroid  [SE]

DESIGNGS
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WHAT’'S NEWS

Hugo Gernsback honored
by antique radio group

The Antique Wireless Associa-
tion (AWA) declared 1985
“Gernsback Year,” and devoted
three categories of its annual Old
Equipment contest to Electro Im-
porting Co. items, and documen-
tation of Gernsback publications.

The best exhibit, by AWA Presi-
dent Lauren Peckham, was a dis-
play of old Electro Importing Co.
(E1Co) equipment, whichincluded
some items rarely seen even by
avid collectors. Rarest was a
Gernsback Rotary Variable Con-
denser. Using a patented roller
principle, with the foil and di-
electric rolling off one roller and
onto another, it had a maximum
capacitance of .01 pF. Another ex-
hibit, by Robert Trauterman of
Ford City, PA, featured copies of a
large number of early Gernsback
magazines, plus a collection of his
most famous editorials.

Feature of the AWA Annual Ban-
quet was an interview by AWA ex-
president Charles Brelsford of
Fred Shunaman, long-time manag-
ing editor of Radio-Craft and Ra-
dio-Electronics, on Hugo
Gernsback as an employer, as an
individual, and as an influence on
the radio art and the youth of his
generation.

The conference was held at Ca-
nandaigua, NY, on September
25-29, 1985. Attendance was over
650. Sales at the AWA members’
auclions totalled $18,300, ten per
cent of which goes to the Associa-
tion. During the Conference eight
papers were presented and there
were three auctions and an ama-
teur seminar.

Discharge rate up 10 times
in new solid-state battery
Eveready has just announced

QO
O.‘.-’

THE EVEREADY 2-VOLT SOLID-STATE CELL

the development of a new battery
with a discharge rate ten times
greater than that of any earlier sol-
id-state batteries. The new 2-volt
lithium cell also operates over a
wlder temperature range than
conventional solid-state cells, and
with no loss in shelf life.

The high discharge rate is the
result of a patented Isostatic Com-
pression Process. The electroac-
tive materials are assembled in an
argon atmosphere, then heat-
sealed in a plastic bag and com-
pressed at 80,000 pounds to the
square inch in a commercial iso-
static press, which applies the
compression egually in all direc-
tions, using water/water-soluble
oil as the pressure transmitting
fluid. “The resulting intimate parti-
cle-to-particle contact thus
achieved reduces the internal bat-
tery resistance to enable the high-
er rate of discharge,” says a
company spokesman.

The high-temperature perfor-
mance is possible because the bal-
tery itself contains no liquid—it
uses vitreous solid electrolytes.

Itis expected that samples of the
new batiery will be available be-
fore the end of 1985.

“Fuzzy logic” can make for
better military decisions

A new approach being followed
by General Electric scientists may
enable military field commanders

WwWww americanradiohistorv comm

to make fast, accurate decisions
based on quantities of incomplete
and/or conflicting reports.

The new approach includes
“fuzzy logic.” A conventional
computer program must have
complete and accurate informa-
tion to make correct decisions. A
“fuzzy logic” program resembles
more closely the workings of an
intelligent human mind—it can
make sense of such relative terms
as “almost” or “probably.”

The new program belongs to the
class of “expert systems” that have
been developed to simulate a
human expert. They are founded
on a “knowledge base” which
combines all the information ob-
tainable on a given subject—not
from one, but from many experts.
When confronted with a problem,
the computer searches the knowl-
edge base, selects pertinent facts,
and applies rules {conditional
statements) to them to define the
problem. The main difference be-
tween that expert system and ear-
lter ones is the use of the fuzzy
logic that makes it possible to
make decisions even if not all the
facts are in place.

Besides that “probabilistic rea-
soning,” the new system has two
other parallel approaches: a “dy-
namlic truth-maintenance system”
that enables the computer to
“think” through various hypoth-
eses and weed out the ones that
are not applicable, and a method
of reasoning by analogy—of
welghing similarities and dif-
ferences of a current situation
compared with a previous one.

The development program is
being funded by a two-year, $1 mil-
lion contract from the Defense Ad-
vanced Research Projects Agency
{DARPA) of the U.5. Department
of Defense. R-E
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Fluke. First Family of DMM:s.
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When accuracy, performance and value
are important, professionals the world over
look to Fluke — the first family of DMMSs.

Reliable Fluke-quality 3%- or 4%-digit
DMMs fit every need — from design en-
gineering to industrial troubleshooting.

There's the low-cost 70 Series — the
most DMM you can get for the money. The
tough 20 Series — totally sealed and bullt
to survive the dirtiest, grimiest, roughest
jobs. The reliable 8020B Series — made
to withstand the rigors of the field service
envirgnment. The precise 80604 Series —
the most powerful and complete test and
measurement System available in a hand-
held package. And, of course, the versatile
Bench/Portables that carry on the Fiuke
tradition for precision and durability in
[ab-quality bench instruments.

Fluke comes in first again with the
world’s largest selection of quality ac-
cessories to heip extend the capabilities of
your DMM even further.

There's no need to look anywhere else.
Uncompromising Fluke design and iead-
ing edge technology are the reasons why
attempts at imitation will never fool the
millions of professionals that accept noth-
ing less than a Fluke.

For your nearest distributor or more
information, call toll-free
1-800-426-0361.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

356 00 Dwes (208} 3409100
4 TLE Sb
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Train for the Fastest Growing Job Skill in Amernica

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

IBM-compatible micro
|

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

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

Total System Training
As an NRI student, you'll get

o Alter consinsct this You next assembie the AHer you install disk
total handsfon training as you dlgliar?:gﬁc probe, you'll power Su;ply into the drive :nd monltc:rr.‘zou‘li |
actually build your own Sanyo install {he “intelligent" main unit ot the computer. make 8 backup copy of the
MBC-550-2 compulter from the Sanyo detached keyboard,  Using the dighal multi- M5-D0S operating disk,
Keyboard up. Only aperson who | 1ih s dedicates peer oMl 55 inomite s mioaigl
knows alf the underlying funda- : and circults. '
mentals can oope with a/f the T =
significant brands of computers.

And as an NRI graduate, you'l guidance and special help whenever As you build the Sanyo from
possess the upto-the-minute you may need it. the keyboard up, you'll perform
combination of theory and practical =t demonstrations and experiments
experience that will lead you to The Exciting Sanyo MBC- | 1,5 il give you a total mastery of
success on the job. 550-2—Yours To Keep computer operations and servicing
You learn at your own con- Critics hail the new Sanyo as techniques. You'll do programming
venience, in your own home, at the “"most intriguing” of all the in BASIC language. You'll prepare
your own comfortable pace. With- IBM-PC compatible computers. It interfaces for peripherals such as
out classroom pressures, without uses the sarne 8088 microprocessor | printers and joysticks. Using utility
rigid night-school schedules, as the IBM-PC and the MS/DOS programs, you'll check out 8088
without wasted time. Your own operating system. So, you'll be able functioning. NRI's easy step-by-step
personal NRI instructor and NRI's to choose thousands of off-the-shelf instructions will guide you all the
complete technical staff will software programs to run on your way right into one of today's fastest
answer your questions, give you completed Sanyo. | growing fields as a computer
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service technician. And the entire
system, including all the bundled
software and extensive data
manuals, is yours to keep as part
of your training.

How the pro computer
critics rate the
Sanyo 550:

‘Sanyo BASIC is definitely
superior to IBM Microsoht. . lets
you use nwo or three keystrokes for
entering BASIC commands.’

—MICROCOMPUTING Magazine

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

—COMPUTERS &
ELECTRONICS Magazine

L —

=R W & =EEE S
EEm e E EE

Your MRI Course Includes a Sanyo MBC-
550-2 Computer with 128K RAM, Monilor,
Disk Drive, and “inlelfigeni” Keyboard;
The NRI Discovery Lab®, Teaching Circuil
Design and Dperations: a Digital
Muliimeter; Bundied Spread Sheat and
Word Processing Sottware Worth $1500
at Retail—and More.

I went to have a look at the
MBC-550. . . what  found made
me an owner the next day!”

—Bill Sudbrink,

BYTE Magazine

100-Page Free Catalog
Telis More
Send the postage-paid reply

- card today for NRI's big 100-page
~ color catalog, which gives you all

the facts about NRI training in
Microcomputers, Robotics, Data

nm. -

)

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

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW i

Washington. DC 20016 :»}'g‘ﬂ
We'll Give You Tomarrow. (Hll |

181 13 @ Regisinred Trademark of Intemnational
Businass Machine Comporaiion.
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ASK R-

BUILDING A JOYSTICK
I'm building a robot, and | want to
control it with a joystick or ball-type
control like the ones used on many
video games. I'd like to build my
own. Can you help?—H. M., Palmet-
to, SC.

From your question, we'll as-
sume that you are most interested
in the analog types. Thase offer a
greater degree of control than the
switch-closure type (the |atter are
used primarily by some types of
video games), and are simple elec-
trically, but mechanical con-
struction requires a lttle skill and
ingenuity. They are designed so
that their motion increases or de-
creases the resistance of one or

more potentiometers. Which po-
tentiometers are affected is deter-
mined by the direction of the
mation.

The mechanical design of a sim-
ple joystick is illustrated in Fig. 1.
That design originally appeared in
the British magazine Wireless
World. The potentiometer used
for side-to-side motion is fixed to

FIG. 2

—— SETSCREWS- 7
. THUMB GONTROL

SRR RS S NS SRSEL AR LY

B

AG. 3
the chassis or control box. The

joystick is fastened to the body of
the second potentiometer by its

WWWwWw americanradiohistorv comm

WRITE TO:

ASK R-E
Radio-Flectronics
200 Park Ave South
New York, NY 10003

mounting nut. The shafts of the
two potentiometers are drilled
and fastened together by a small
nut and bolt.

A more elaborate design, from
the Argentinian magazine Revista
Telegrafica Electronica, appears in
Fig. 2. A total of four potentiome-
ters are used to vary resistance in
two circuits with side-to-side mo-
tion, and in two other circuits with
fore-and-aft motion.

We can’t help you with the con-
struction of a trackball, but you
might be able to substitute onc of
the thumb-operated designs
shown in Fig. 3. Those designs are
from Radio (Czechoslovakia).

Take care in selecting the poten-
tiometers. Most have a rotation of
about 270 degrees, but joysticks
usually limit motion to about 45
degrees from the neutral or center
position. Naturally, you'll want to
use linear potentiometers so that
equal deviations from the “neu-
tral” position produce equal
changes in resistance.

FREQUENCY AND PE£RIOD
| know what a sinewave is, but |
don’t understand the difference be-
tween frequency and period. How
are they related?—N. ). S., Green-
boro, NC.

Frequency is the number of cy-
cles that occur per unit of time. A
complete cycle is measured be-
tween two successive points on
the waveform that have the same
amplitude and directlon. For ex-
ample: The time between two suc-
cessive positive peaks, or between
two successive positive-going zero
crossings, constitutes one cycle.
Until about 20 years ago, cycles
per second was the unit in which
frequency was Specified.

But that term has been almost
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Name Brands at Lowest Cost

OUR
GOMPARE

BEFORE

AW. SPERRY 20 MH:z
—— 2

DUAL TRACE |
SCDPE

= Special buit-in Component Crecker (ot
aliows vollage vE curment charactastics ol
derenergzed Crouts 10 D& viewed Saves
hours locatng deecive coponents

Mocet 20-c 39995

RITACHI 35 MHz 1MVIDIV
DUAL-TRACE PORTABLE SCDPE

.‘-h l‘“

b

» Thn, ighl, compact desgn = Fealures Lege

nciuded

& reclanguia, miemal gralcue CRT = %

cably lre, = Auinlons o Prosographe beicd
Mode! V-355 35999 {Reg $89995)

B&K 60 MHz TRIPLE-TRACE
SCOPE 7

id *
¥

Jim

f;--';f gt

Probes
nciuded

o 1 myioew sestly o 22 calibrated
Swirs o Rectanguias CRT with mtemal
Fahce « Delayed Sweepddual Ume base

Mods! 1560 589G

[Reg $1150)

HITACHI 100 MHz QUAD-
TRACE DELAYED SWEEP

{Reg $1980)

FLUKE HANDHELD, 4%
DIGIT MULTIMETER

AC sigrals w 100

kHz « Frequency to 200
kHZ » Ressiance W0
300M ohm o d%

Maodel 8060A 5325m {Reg $349)

SIMPSON METER AC/DC
VDLTS/AMPS RESISTAN_C_E

Modei 260-7 510995

XCEUITE ATTACHE TDOL KIT

119% x 13% x 6%}

[Reg $4999%)
Model Ton-100/T 53 1995

Mocel 40(]}-Us4l ggsrm $599.55}

WELLER WTCPR CONTROLLED
OUTPUT SOLDERING STATION

et gy
me

oomrolng J
temperature _—
protects )

temper ature

Sensire
components « Crounded b prolects voltage
ang QUTEN SeNSIve COMPONENts.

Model WTCPR 5799593:!1

SEND FOR OUR LATEST

FREE

CATALOG

800-645-9018

In NY Stale: 8%'832'1446

Fordham

--

{Telephone Orders Accepted)

WELLER
SOLDERING STATION

Model EC2000 516995

Sarvice & Shipping Charge Schadule

Conlinental US.A,
FOR QADEAS ADD
525100 $4 50
$101- 250 $5.00
5251500 $800
S501-780 51050
5$751-1.000 51250
51,000 -1 500 51850
$1.501-2000 52000
52001 anct LD, 52500
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universally replaced by hertz—a
unit equal to one cyce per sec-
ond. We said almost universally
because, while most of us use
heriz, kllohertz, megahertz, etc.,
in connection with RF, some still
refer to the 60-cycle power line, etc.

Whereas frequency refers to the
number of events in a given period
of time, the period of a signal is
simply the amount of time re-
quired for one complete event to
occur. The symbol for period is T,
which represents time. Frequency

and period are reciprocals, so the
higher the frequency, the shorter
the period, and the longer the
period, the lower the frequency.
Frequency and period are related
by these formulas:

T(seq) = 1 + {(Hz)
f(Hz) =1 + T (sec)

For example, a signal with a fre-
quency of 20 kHz has a period of
120,000, or 0.00005 sec. A signal
with a period of 12.5 ps has a fre-
quency of 1/0.0000125, or 80 kHz.

ELENCO PRODUCTS AT DISCOUNT PRICES!

DIGITAL LCR METER

Measures Inductance, Capacitance and Resistance

Al Lasl? An LCA mupler Ihal sveryone can Lfford NOw you CAN MeaSucé SO,

IrEn3Ioimers. cholss lrem e M to 300 H, capacitont from .1 pld Lo 200 mid snd
rewrgdont Trom 1 olvns 10 20

Lopachions,

Fanmgn

RepohAuon =01 pF, 15F, 10 9F, 1O 0F, 1 nF, 10 nF, 100 nF
Rangs -2"'»1;200'!.“".?“.”“-3@“

. All ey one

I Inatrumaent
SPECIFICATIONS
= X0 pF. 1 o, 20 wF, J00 nF, 3P, 2O F, X0 oF

T

¢ Vogh >0EF agi% # 1

MODEL Pogoiwtann = 1 o, 10 oM, S M, 1 i, W0 e, 100 mH
LC-1800 Actaer AS0EM 4% + TOREPEEM + Vogy
Radiu]sets
s148 Rangs "0, 0 Tk 0K N0k TW X MD
Repodiason = 9,1, 0, 10, 100, 1 &, 100
Aecorpoy s£1M O 31% ; )dg
e ——_—

GF-8016 Funciion Generator
with Freq. Counter

229

¢ Sine. SqQuare, Triangle,

AC Current Meter
Madsl
s98 ST-N:IO

* Reags 20, 200, 1000 A

= 3% LCD Digila
* Deluxe Carry Case

* Pulse. Ramp, 2 10 2 MH2
+ Frequency .1 they 10 MMz

« DC & AC Volts, Resistance

20 MHz Dual Trace Oscilloscope
ey i Model
- gg& $329 v,
'i‘ = |

i k*.‘ " = 2y G
L sk I R
MO-1252 35 MMz Dual Trace 55509

_True AMS 4% Digltal Muitimeter
M
4 L

= 05% DL Accuracy

*.1% on Rewistance

« 5% True RMS AC

« 5% Freq. Counter 1-200 kM2
« Dwiuxe Case Included

AC Current Meter

SAR e

« Case & Laads Included

C&S SALES, 8744 W. North Ter.
Niles, IL 60648 « {312) 453-9040

* Reads 300 Amp3 {5 rangas)
= DC & AC volts, Resiatance

3% Digital Multimeter
S Model
25 M-1600

* 1% DC Accuracy

* 1% on Restslance
* 1.5% AC Accuracy
* Aeads 10 DC Amps

15 DAY MOMNEY
BACK GUARANTEE

2 Yeur Limited Guarantes! Add 5% lor Postage (10 Max.), UL Res., 7% Tax

CIRCLE 265 ON FREE INFDRMATION CARO

WwWwWw americanradiohistorv comm

WHAT ARE THOSE BANDS?

A friend claims that his police-radar
detector is superior to mine because
his operates on the K-band, while
mine operates on the X-band. What'’s
the story on those bands? Where did
they get their names, and what fre-
quencies do they cover?—E. R., Ben-
netsville, SC.

During World War ||, the Allies
used various frequencies in the
UHF and microwave bands for a
variety of secret military applica-
tions. For secrecy, each band was
identified by a letter. Some of
those bands, and the frequencies
and wavelengths associated with
them, are shown in Table 1.

For years, police radar operated
on the S-band. Equipment was ex-
pensive, bulky, and heavy (about
250 pounds). Usually, it was in-
stalled in a van, a truck, or a spe-
cially equipped automobile.

Later, radar was moved to the X-

TABLE 1
vHF AND MICROWAVE BANDS

Bandi Frequency Wavelength
225—390 MHz |133.3—76.9 cm
390—1500 MHz (76.9—19.3 cm
1.5—52GHz [19.3—-8.7cm
39-—820Hz (7.69—4.84cm
52—108GHz |577—2.75cm
108068 GHz |2.75—0.834 cm
36—46 GHz 0.834—0.652 cm
46--56 GHz 0.652—0.365 cm

CORMOGMET

band. The higher frequency made
less expensive, more compact
equipment possible. Radar units
could be mounted on a tripod, or
clamped to the window or rain
gutter of a patrol car parked beside
the road. Later X-band devices
were hand-held. In either case, X-
band radar had to be operated
from a stationary position; it can-
not be used if the operator is in
motion.

The next advancement was the
development of K-band equip-
ment, which allows the operator
to make speed measurements
while he is either stationary or in
motion. Also, it can be used to
measure the speed of both on-
coming vehlcles and vehicles trav-
eling in the same direction as the
operator. Thus, K-band equipment
has the advantages of low cost,
light weight, and maximum ver-
satility. Because of those reasons,
it is used by many city, coun-
ty, and state police departments. R-E
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THAT IS OUT OF THIS WORLD...

a

$389% | $549%
MODEL 2000 20MHz MODEL 3500 35MHz
DUAL TRACE DUAL TRACE DELAYED SWEEP

...AT A DOWN TO EARTH PRICE

At last! Truly affordable ‘test equipment with no compromise in design, and features
you would expect to find only on oscilloscopes costing hundreds of dollars more! JDR
Instruments presents two, new, high-performance models backed by a two year
warranty and technical support which is only a phone call away. Perfect for the
technician or advanced hobbyist, both models feature Dual Trace capability and a
variety of operating and triggering modes, including CH-B Subtract and X-Y operation.

MODEL 2000 has a 20 MHz MODEL 3500 features a 35
bandwidth and 20 calibrated O MHz bandwidth and exceptional
sweeps ranging from .2s to .2us. \ 1mV/DIV sensitivity. Delayed
A convenient built-in component Y) ! sweep and variable holdoff allow
tester provides additional [ PNEEEENRINEEN stable viewing of complex

diagnostic power. i e waveforms.
CIRCLE 281 ON FREE INFORMATION CARD
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ORDER TOLL FREE JDR INSTRUMENTS
800'538'5000 1224 South Bascom Avenue

800-662-6279 (ca) San Jose, California 95128 (408) 995-5430

COPYRIGHT 1985 JOR INSTRUMENTS EARTH PHOTO COURTESY OF MASA
THE JOR INSTRUMENTS LOGO 15 A REGISTERED T HALDEMARE OF JOB MICRUOOEVICES JDR seSTRUMENT S 15 A"HAUE X DA MICRODE VICES
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PLYWOOD SATELLITE-TV DISH

The article, "A Plywood Satellite-
TV Dish,” by David ). Sweetnam,
which appeared in the October
1985 issue of Radio-Electronics,
contains several serious errors that
affect the design and gain com-
putation of the lens.

The equation for the nth zone
radius that is presented as r,? =
ndx should be r? = ndx +
0.25n2x2. In both equations, d is
the focal length and A is the wave-
length. See p. 337 of Introduction
to Electricity and Optics, by N, H.
Frank (published by McGraw Hill),

for the derivation of the equation.

Rearranging things we see thatd
= {r,%nk) - 0.25nA, rather than
what was stated in the article, d =

r,2/(nk). The only explanauon lcan
t ink of for the difference is that
an approximation was used. That
approximation is valid for light—
where A is much smaller than d—
but not for microwaves.

The amplitude of the signal from
each zone is proportional to the
zone area {which is not the same
for each zone if the radii are com-
puted properly) and inversely pro-
portional to the square of the

WRITE TO:

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

distance from the zone to the focal

point, or:
2n-1
7 ))

v (v (&

1+ (a1}

(1 + (%)i)(i +§)

It is not true that “gain varies
without regard to the diameter of
the lens.” Given a wavelength and
a lens diameter, there is an op-
timum number of zones. That
number may be determined by
computing the galn for an increas-

continued on page 22
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Our 2 MHz Function Generator
has an unlimited range.

tModel 20 not only covers the 002 Hz
w0 2.1 MHz frequency range. it covers
the worid With nternal NiCad bat-
teres, you can teke Model 20
armywhere and get trggered, gated or
ConuNMLDUS waveforms siNeS,
squares. and triangles up to 20 volts
peak. to peak. It recharges from wall
transformer [nciuded) or external
souwrce from 12 tn 25 VOC or 10 to
18 VAC. Model 20 also has many of
the features you would expect from
the ndustry keader in function gener-
ators, including VCG CONNBCLor
for external sweep or FM, 5
attenuatorto - 30dB, and a

Eglse output. The price is just $395.

r 2 data sheet or to order, call or
writa Wavetak San Diego. P.0. Box
35285. 8045 Balboa Ave., San

, CA 82138. Phone [51 QJ
-2200; TWX !9‘10] 3 oo7.

'Batwﬂes not
_ i
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2 PHILIPS WESTON (85 vorioner sorems

St EPEIEN | g ADER

77 * 0.3% Accuracy
* Manual or
Autorange

* 10A + mA Range
* Beeper

* “Touch-Hold"”

Function

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

SALE ENDS Feb.28

K ricson MBS
BREAKS THE PRICE BARRIER

WITH THESE HIGH PERFORMANCE
OSCILLOSCOPES

BECKMAN’S <
CIRCUITMATE
ALL UNDER $100

AVAILABLE NOW. . ..

564 95

Circultmats DM 20—
3%-digit, pOCkal-size
multimeter, 0.8% Vdc
accuracy. diode laat,
hFE test, conduclance,
10 amps AC and DC
ranges, auto-polarity
auto-zero. auto-
decimal

579 95

369 95

Zlrculimate DM-40 —
3%-digil mullimsier,
0.8% Vdc accurscy,

diode test. aulo-

polerity, aulo-zerol
auvto-decimal

Sag 95

CHcullmate DM 45 —
JVa-digit multimeter;
0.5% Vdc accuracy,
dlode test,.continuit
begper, 10 ampa A

o 1 mV/div sensitivity
& 23 calibrated sweeps
® Rectangulai CAT with Internal

100 MHz Dual Trace/ $995

Circuitmate DM-25— and ranges, suto-
3% diglt. poCket-size Zero. auto-polarity,
multimeter; 0.5% vac auto-dacimal
accuracy, diode lesl,
capaclltance, contlnuity
besaper, conduiance,
10 amps AC and DC
ranges. auto-polarity,
aulo-zero. aulo-
decimal :«lw}r oy
100 MHz Dual Time Base
SCOPE MODEL
= 1590
PR[CIS!OH ==
INDUSTRIAL 2
TRANSISTOR Ad
TESTER 5
21995| 1350 \
MODEL
PRICE O0ES NOT
5208 INCLUDE PROBES
| Now with HILO Drive = :‘T‘Vfdwisit)n sensitlvity to 70
z
8 Works In-Circuit when *« 500 u Vidivision cascade
others waon'l san3silivity

¢+ Foyr-input operalion pravides
trigger view on 4 separate inputs

+ AlternSie time hase operation

8 |dentities ail three iran-
sistor leads

Dual Time Base
Does not include probes

graticule and scale illumination
8 Signal Delay Line

e

($60.00 & parr when purchased with scopa)

8 Asndom lead Conneclion

8 Audibly and visually in-
dicates GOOD transistor

* Switching power supply delivers
best eiticioncy $nd regulation i
low# 31 waighl

; gl
“- ® ¢¢°
i —
Model 1580
QUANTITIES ARE LIMITED

| e

TOLL FREE HOT LINE

800-223-0474

212-730-7030

ADVANC
JEEIJEE!?H’?EH(JI\MM(?

26 WEST 46in STREET. NEW YORK. N.Y. 10036
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CIE MAKES THE

WORLD OF
ELECTRONICS
YOURS.

To be part of it, you need the right kind of
training, the kind you get from Cleveland
Institute of Electronics, the kind that can take you
to a fast growing career in business, aerospace,
medicine, science, government, comniunica-
tions, and more.

T oday’s world is the world of electronics.

Specialized training.

You learn best from a specialist, and that’s CIE.
We're the leader in teaching electronics through
independent study, we teach only electronics and
we’ve been doing it for over 50 years. You can put
that experience to work for you just like more than
25,000 CIE students are currently doing all
around the world.

Practical training.

You learn best with practical training, soCIE’s
Auto-Programmed® lessons are designed to take
you step-by-step, principle-by-principle. You also
get valuable hands-on experience at every stage
with sophisticated electronics tools CIE-designed
for teaching, Our 4K RAM Microprocessor
Training Laboratory, for example, trains you

to work with a broad range of computersina

way that working with a single. stock computer
simply can’t.

Personalized training.
You learn best with flexible training, so we let you
choose from a broad range of courses. You start

with what you know, a little ora lot, and you go
wherever you want, as far as you want. With CIE.
you can even earn your Associate in Applied
Science Degree in Electronics Engineering
Technology. Of course, you set your own pace,
and. if you ever have questions or problems, our
instructors are only atoll-free phone call away.

The first step is yours.

To find out more, mail in the coupon below. Or, if
you prefer, call toll-free 1-800-321-2155 (in Ohio,
1-800-362-2105). We'll send you acopy of CIE’s
school catalog and a complete package of enroll-
ment information. For your convenience, we'll
try to have a representative contact you to answer
your questions.

c I E Clevelond Institute of Electronics

[77% East 17th St , Cleveland, Ohso 441K
YES! | wantto get started. Send me my CIE school catalog
including details about the Associae Degree program.

Print Name .

Address Apt
City State Zip.
Ape Arca Code/Phone No. _

Check box for G.1. Bulletin on Educational Benefits
D Yeteran [: Active Duty MAIL TODAY!
ORCALLTOLLFREE

1-800-321-2155

| (In Ohio, 1-800-362-2105)

RE-27
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continued from page 16

ing number (by two) of zones until
a maximum gain is achieved. The
proper technique is, given the di-
ameter, D, and the wavelength, X,
assume n zones, and then com-
pute the focal iength:

d = ((D/2)2ma) - 0.25nA.

Note that r, = D722 in the same
units. Then r, may be computed as
r, = idx + 0.25i2x2fori = Tton—1.
Gain may then be calculated as G
= 20 log o 2A, fori = 1to n.
Gain calculated thus is consider-
ably less than that claimed by the
article, as is the focal length. For
an 8-foot lens with A = 8.108 cm
and n = 20, d should be 51.12 ¢cm
and the gain should be 219 dB,
rather than 91.83 ¢cm and 26.0 dB.
An 8-foot lens for x = 8.108 cm
and d= 91.83 cm, with zones ar-
ranged as suggested in the article,
will result in a gain of only 9.1 dB.
The reason for that low gain is that
the zones do not properly match
the phase distribution of the in-
coming signal at the lens, relative
to the focal point. The feedhorn
will actually see portions of 15
zones walking progressively in and
out of phase with the 20-zone lens.
ifzones 7, 9, and 15 of the 20-zone
lens are blocked, then the gain
shouid actually increase to 14.6 dB.
The gain for an 8-foot parabolic
dish would be about 36.9 dB,
SAM M. STRICKLAND
Bellevue, WA

BEEFED-UP BENCH SUPPLY
I read with interest Mr. Vaughn
Martin’s bench power-supply arti-
cle in the October 1985 issue Ra-
dio-Electronics. I've been a techni-
cian for about seven years, and |
would like to build such a supply
for my home bench, but with the
high-current option Mr. Martin
mentions.
| think that, in addition to Mr.
Martin's instructions for increas-
ing power output-—using a higher-
current transformer and higher-
current output transistors (1, Q3,
Q5, Q7)—it might also be neces-
sary to use lower-value, higher-
power resistors for R37, R27, R9,
R18.
continued on page 104

THE WIRELESS TELEPHONE TRANSMIT.
TER model WTT-201s only the size of a dime,
yet transmits both sides of a telephone con-
versation with crystal clanty. Completely au-
lomabe. Uses power from the lelephene ine
#seil. Never needs a batteryl Up to ¥ mile
range. Use with any FM radio. Complete kit
only $29.95. Tax cluded. VI1SA and Master-
Card accepted. FREE SHIPPING. DECO IN-
DUSTRIES, Box 607, Bedford Hilis, NY
10507. (914) 241-2827.
CIACLE 127 ON FREE {NFORMATION CARD

ZENITH SSAVI DESCRAMBLERS only
5169, Gated Pulse $189; Sinewave 5199
each. Recondilioned onginal equipment for
UHF chs. 23,27,31,38,51,54,57,68, elc.
Quantity discounts. Surplus TV equlpment;
Qak N-12, Zenith Z-Tac, Hamlin
1200, etc. Catalog $1. 10 day satisfaction
guarantee & 90 day warranty. AIS SATEL.
LITE, P.O. Box 1226-E, Dublin, PA. 18917,
1-800-643-2001 or 215-249-5411.
CIRCLE 268 ON FREE INFORMATION CARO

B (.
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UNIGUE ELECTRONIC KITS—Kits come
complele with matenals required to builld a
professional |0oking product that you will be
proud of, Kits also come. with attractive en-
closures. Some excling kits otfered are: Fi-
ber Optics 529.95, Touch Control and Switch
524.95, Wireless Microphane 519,95, Guard-
All Jr. Secunity Alarm $19.95, Quilet Tester
$9.95, Power Supply PS-1 $39,95, and more.
ALARMS, KITS & DEVICES, P.O. Box 200,
Fredonta. PA 16124. (412) 962-9231.
CIRCLE 271 0N FREE INFORMATION CARD

TVRO RECEIVER ON A BOARD lully tested
and assembled. Super reception 7db thrash-
oldl! Includes weather sealed downconverier
$125.00. In cabinet §165.00. Quantity dis-
counts. Schemalics only §$10.00. € band
leeds. Yushica posilively the best we've ever
seen. Whatever you have, replace h. $65.00.
Private labels welcomed {50 units). B00-448-
TVRO, SAUCER CITY. Office B7-B, 931 S.
Ridgewood Ave., Edgewater, Fl 32032,
CIRCLE 278 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

6 x rate $745.00 per each insertion.
Reaches 225.379 readers.

Fasi reader service cycle.

Snort tead time for the placemeni of
ads.

We typeset and layout the ad at no
additional charge.

Call 212-777-6400 10 reserve space. Ask
for Arling Fishman. Limiled number of
pages available. Mall materniats lo:
mini+ADS. RADIO-ELECTRONICS, 200
Park Ave. South. New York, NY 10003.
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HOBBY KITS THE ERECTOR SET” of linear
electronics. Modules trom $4.95 to $49.95.
Build basi¢ circulls: 2 W audio amplifier
{AFA-1, 54.95), 1one decoder (PLL-1, $6.95},
1o more complex: YHF Conwverter (using 4
modules, 527.80). ORP Transcemver {using 6
modules as shown, $38.70), HF SSB Trans-
ceiver (using 14 modules. $140.30). Add
$2.50 for S&H. SEND $1.00 for diagrams.
$5.00 for full manuai. MORNING DIS-
TRIBUTING CO,, P.O. Box 717, Hialeah, FL
33011 (305) 834-9686.
CIRCLE 71 ON FREE INFORMATION CARO

R&D SHEET METAL WORKER—New mulli- |

purpose Shear. Brake and Roll now with 6
male dhes, removable and removable female
dies. A compiete in-house shop at 1/3rd the
¢osl. Over 20 years developmentisales
worldwide 10 industry, govemment and edu-
cation. Free literature or $2.00 for "Guide to
Sheel Metal Working.” PACIFIC ONE COR-
PORATION, 513 Superior Ave., SI.52, New-
port Beach. CA 92663 (714) 645-5962 Telex
4995168.
CIRCLE 118 ON FREE INFORMATION CARD

THEMOST EXCITING KIT YOU WILL EVER
BUILD The model WAT-50 minialure FM
trangmitter uses a 4-slage circut NOT to be
confused with a Simple wireless MICrophone.
Up to 1 mile range. S0 sensilive, f will pick-up
a whisper 50 jeet away! Use with any FM
radio. Completa kit only $29.95 lax incl. VISA
and MasterCard accapled. FREE SHIP-
PING. DECO INDUSTRIES. Box 607, Bed-
ford Hills, NY 10507. (914) 241-2827.
CIRCLE 127 ON FREE INFORMATION CARD

ELECTRO {MPORTING CO. CATALOG.
This reprint ol the hisionc 176-page calalog
No. 20 gives you an acCurate look at ihe stale
of glectronics in 1918. Contans everything
from a Zinc Spark Gap to a 1000-Mile Receiy-
ing Outfit. You can get your own Copy of this
modern antiue, prolusely illustrated, tor only
$4.95 plus $1.00 P&H. Order yours from R-E
BOOKSTORE, Rsdio-Elecironics. 200
Park Avenue Soulh, New York. NY 10003,

| DELTAX DUAL TRACE OSCILLOSCOPES

WITH PROBES DX502D0 20MH2z $379.95,
Buill in component tester SMV 10 20V DIV 0.2
microsec to 0.58/01V. Riselime 19ss than
17ns one year limitéd warranty. Also available
DX5035 35MH2 $527.00 DX50a45 45MH2
$789.95 DX50155 15MHZ AC D C $479.95.
CA_residents add §.5% tax. Shipping $8 50.
Mecney orders, checks accepted. DELTAX
DYNAMIC INC., 20955 E, Lycoming Si.,
Walnut, Calif. 91789. Tel. (714) 594-7131.
Telex: 503749 DELTAX.

CIRCLE 259 ON FREE INFORMATION CARD

CORDLESS TV TRANSMITTER. This unil, a
minlature video transmitlier, conveniently
tfransmits UHF signals lo remote television
locations within a 200’ range, Signal Inputs
from VCR, Video Game. Satellite Receiver,
Video Camera, or Micro Computer. When or-
dering select an open UHF channel lor your
area. CH 14,19, 25, or 27. $89.95 plus $4.00
S&H. visaMasterCard call 1-800-522-2636
orders only, 617-871-5611 for inlormation.
CAMEO ENTERPRISES, INC., P.O. BOX 63,
Accord, MA 02018.
CIRCLE 269 ON FREE INFORMATION CARD

SATELLITE TELEVISION RECEIVER
SEMIKIT with dual converslon downcon-
verter. Features infrared remote control tun-
ing, AFC. SAW filter. RF or video Cutpul,
stereo outpul. Polorater controds, LED chan-
nel & tuning indicalors. Install six factory as-
sembled circuit boards to complete. Semikit
5250.00. Completed downconverter add
§75. Completed recerver and downconverter
add $100. JAMES WALTER SATELLITE RE-

CEIVER, 2697 Nlckel, San Pablo, CA .

94806. Tel. 415-724-0567.
CIRCLE 124 ON FREE INFORMATION CARD

wibED

HRAMBUNG

TR U1

SUBSCRIPTION TV MANUAL. This infor-
mation packed book details the methods
used by subscription TV companies 1o
scramble and descramble video signails.
Covers the Sinewave, Gated Puise, SSAVI
system, and the methods used by most cable
companies. Includes circult schematics. the-
ory, and irouble shooting hints. Only $12.95
plus $2.00 first class P&H, ELEPHANT
ELECTRONICS INC., (formally Random
Access) Box 41770-R, Phoenix, AZ 85080
CIRCLE 120 ON FREE INFORMATION CARD

SINGLE AND DUAL TRACE Scopes, Ana-
log and Digilal Mulimeters, Power Supplies.
High Voltage and Low Cap Probes

RF and Sine/Square Wave Generaiors, Dig-
tal Capacity Meters. Available at your jocal
distribuior. EMCO ELECTRONICS, P.O. Box
327, Plainview. NY 11803, Send for your free
catalog.

CIRCLE 279 ON FREE INFORMATION CARD
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EARTH-STATION RECEIVERSare
available in single {(model ESR 424,
shown in photo) or block {model
ESR 424B) conversion models.
The model ESR 424 has infrared
remote control for the con-
venience of armchair viewing, and
also offers audio-seek tuning {to
locate favorite audio channels au-
tomatically), easy-to-read fluores-
cent display, and a redesigned
weatherproof downconverter. It
also provides descrambler com-
patibility through a bottom-panel,

clamped/unclamped video switch.
The model ESR 424 is priced at
$699.00.

The model ESR 4248 adds multi-
channel capability to the model
ESR 424 package. Using a 950-1450
MHz [F output frquency, the
block-conversion model features
dual input switching to eliminate
the need for external relays or
switching splitters. It is priced at
$759.00.—R. L. Drake Company, PO
Box 112, Miamisburg, OH 45342.

RADIO-ELECTRONICS

[
F

SURFACE-MOUNT TEST CLIPis 20-
conductor size, with a new design
that enables all four sides of the
clip to opéen simultaneously. Its
narrow body design allows com-
ponents to be tested with as little
as 100" lead-to-lead spacing. It is
side-stackable at .200" |ead-to-lead
spacing. The clip hasa helical com-
pression spring and insulating
contact combs, which ensure con-
tact integrity when testing. The
probe access points are imme-
diately visible for fast and safe indi-

CIRCLE 22 ON irtk INFORMATION CARD

vidual testing. In addition, stag-
gered contact rows on .100"

WWWwW americanradiohistorv comm

centers permit easy probe attach-
ment and help prevent accidental
shorting of adjacent probes.

The 1est clip is available in al-
loy—part number 923670-20, with
a suggested retail price of $19.95,
and in gold—part number
923675-20, with a suggested retail
price of $25.90.—AP Products, In-
coporated, 9325 Progress Parkway,
PO Box 540, Mentor, OH 44060.

POWER SUPPLIES, the XT Series,
are 60-watt linear power supplies,
offering six voltage and current
ranges in single, dual, triple, and
quad configurations. The DC sup-
ply series is designed for laborato-
ry, university, service, and other
benchtop operations; they may
also be used in control systems
and ATE applications.

Voltage and current may be dis-
played simultaneously on front-
panel LED readouts. Analog LED

CIRCLE 23 ON FREE INFORMATION CARD

bar-graph displays are also used
for easy monitoring of transient
changes under varying loads.
Other controls include a ten-turn
potentiometer for precise setting
of output voltage, and a constant-
current/current-limiting control
that is adjustable from zero to
rated output. Output connections
are provided by five-way binding
posts for dual-banana plugs, with
or without saftey ground.

The XT Series has automatic
crossover from current to voltage
mode when current exceeds the
preset limit. Crossover is identi-


www.americanradiohistory.com

Electricity and water don't niix. At
least not in our Heavy Duty Digital
Multimeters. Because lhese Oops
Proof” instruments are protecled
Iw a systemn of seals lo ensure
contaminalion-free dependability
in even lhe cruddiest conditions.
Other abuse-proof features
nclude the best mechanical pro-
tection ever hiillinlo a precision
Digital Multimeter. In fact. every
one of our Oops Proof multi-
meters will sinvive a drop from
ten leet onto a concrete surface!

Our lips are sealed.

£ 1985 Beckman (ndustrizl Corporation. A Subsidiary of Emerson Eleciric Com
630 Puente Street. Brea. CA 92621 {714) 671-48040).

All the Heavy [ty series
meters measure up to 1000 volts
AC and 1500 volts DC, with full
overload proteclion to those
maximum voltages even on lhe
lowest range setlings. Overload
circuilry also provides transient
protection to 6KV on all vollage
ranges and up to 600 volts on all
resistance ranges.

We also invented a unique.
long-life rotary switch for our
Digital Multimeters. You can aclu-
ally feel the difference just hy

/

rotaling the function seleclor knob.
You'll findl these fealures in

a full line of Heavy Duty DMMs

that offer a 4% digit readout,

0.05% VDC accuracy, a l0-ainp

current range, a 2000-hour baltery

life. diade test. true RMS and temn-

perature ineasurement. All this and

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

of course, so dvop into

your nearest elec-

tronics distnbutor

and drop one. 4

Bosrkmnan [ndiictrrial i

e e e -

Al Wl el W A il 2y
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fied by LED indicators and op-
tional audio tone Indicator.

The XT Series is priced as fol-
lows:

The single-output model XTS is
priced at $450.00,

The dual output model XTD is
priced at $800.00.

The triple output model XTT is
priced at $1175.00.

The quad output model XTQ is
priced at $1575.00.—Sorensen
Company, 676 Island Pond Road,
Manchester, NH 03103.

SCANNER PLUS, the model Z60, is
not only a sophisticated scanner
radio, but a digital alarm clock as
well. The scanner monitors 60
channels and 7 public-service
bands {including VHF-Aircraft),
plus the standard FM broadcast
band. When the alarm is activated,
listeners can wake up to their fa-
vorite FM music program, and
then switch to police or fire calls,
aircraft communications, amateur
radio transmissions, and up-to-
the-minute broadcasts from the
National Weather Service,

CIRCLE 24 ON FREE INFOR
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The model Z60 has a suggested
retail price of $379.95.—Regency
Electronics, Inc., 7707 Records
Street, Indianapolis, IN 46226.

CAR SPEAKER SYSTEMS, are de-
signed for easy installation by a
professional installer or a do-it-

CIRCLE 25 ON FREE INFORMATION CARD

yourselfer. The Bass Tank systems
are available in four configura-
tions, variously consisting of a pair
of full-range, two-way 6-x 9"
CS-18A speakers, or a pair of low-
profile, two-way C5-17 speakers in
combination with either a 10-"
CSW-20 or a 12° CSW-21 sub-
woofer. All systems come com-
plete with crossover filter, mount-
ing hardware, and installation
instructions. The sound system
features full bass, wide dynamic
range, low distortion, and high
power-handling capability.

Prices are as follows:

The model BT 1521: C5-18A with
crossover and 12" subwoofer is
priced at $319.00.

The model BT 1820: CS-18A with
crossover and 10" subwoofer is
priced at $309.00.

The model BT 1721: C$-17 with
crossover and 12" subwoofer is
priced at $279.00.

The model BT 1720: CS-17 with
crossover and 10" subwoofer is
priced at $269.00.—Cerwin-Vega,
12250 Montague Street, Arletta,
CA 91331, R-E

or write for

[ Ganusrree 1-800-626-6343

FREE Fiyer.

COPPER ELECTRONICS

4200 PRODUCE ROAD - LOUISVILLE. KENTUCKY 40218

fanl=viciema s P st

Retall 311008 59 9 5

[ (5~ WRELESs [ WESTPORT
P 'WCB40
‘?; ""-'l"-ll' i hw i
WAWALEE I i
mebal N vloelons u_m;t-—mmm- !J 1 L{ l;_;i:'g—:\)]
o e e e e e 40 CHANNEL™

CB TRANSCEIVER
reunssess 29,95

AV-261
Permanent Mount
2 %" hole mount

L 26.95

AV-261M
Magnet Mount

29.95

AV.261T No-Hols
Trunk Mount

26.95

BEARCAT 20020
Eﬁqéé 95

Abcrafl, masing el publlc dacvice-ad] wilhin
} praibuTion reach

uniden

Baeaoncnt
S5
pc [P

Raui s 269.95

Limited Quantltles p

. Commerclal Equlpment

THE LOWEST PRICES IN THE COUNTRY

We have a national tactory warranty service on
many brands, and we service All CB, Amateur, and
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PRINT,

321 B: 00k vile Fosd ¢ Seyver Sonng, Marrisnd 20910

Calt Our
Toll Free Number

In Maryland
Call 301-587-7824

FREE CATALOG

Toocia h 3

%

-
o A
—

1or Elwctronic unmt.nmn

i Service.

Piie Depcahirnig b Breisd Catid
Priouces 4

Boara P

- Huntion Tas) Winamenty
* Lanidwom Mand Too
B PRt Togw Cases

= me'w&wnm Crvatant
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FarQaery i T P of Oual

HUNTRCN INSTRUMENTS
The Art of Trouble Shooting

pm——
Mt

TRACKER AND SWITCHER

CIACLE 275 ON FREE INFORMATION CARD
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Electronics
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-
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» Unique Portable, Battery Operat

« Bench/Portable Digital Multin
s Hand-held Digital Thermomete
* Full Range of Speclalized Accessorie
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EQUIPMENT REPORTS

Tektronix 318
16-channel
Logic Analyzer

High-powered digital
debugging

CIRCLE 5 ON FREE INFORMATION CARD

EXTREMELY DIFFICULT PROBLEMS CAN
crop up when designing and pro-
totyping custom microprocessor

systems. That sort of problem can
easily cause you to question
whether hardware or software is to

blame. And in many cases, the
problem simply can’t be tracked
down with the usual tools—LED
logic probes, single- or dual-chan-
nel oscilloscopes, software debug-
gers, etc. So what do you do when
you can’t blame either the hard-
ware or the software? Do what pro-
fessionals do: Use a logic analyzer
like Tektronix’ model 378 to stamp
out those bugs.

Overall specifications

The 378 has a 16-bit parallel data
input and a maximum clocking
speed of 50 MHz. A serial data-
analysis unit is optional; we used it

Jerrold Cordless Cable

T.V. Converter s CHANNELS)

MODEL LLC-S8

EC\ ALl

sPECIAL!

WITH VOLUME
CONTROL

MODEL-6510

S CONNECTORSES

WIRELESS REMOTE CONTROL
P TEKNIKA 1V YUNER CABLE CONVERTER

RG-S 75 DHM
Colaul Cable

141_? smm Wy oion
CHANEE |~ ===

2 WAY-T50HM
117¥ SPLITTER

MATCHING
TRANSFORMER

RADIO-ELECTRONICS

L]
e ]

F-59 F-S9ALM

95 o & L

%“ | L i —
6¢no0nL07 : 49¢ 00109

11100 LOT e 5t
F.56 AVAILABLE UPON REQUEST LA

T C oo Lot
12¢/106 10T

56

ANY QUANTITY

SHIPPING CHARGES
For Drders ADD
$2% 100 36 50

Send Purchase Crder. Check.
Money Crder or C.C.D.

or Call Toll Free

In N.Y. State {212} 8655580

1100 $500 3850
3500 1750 510 50
V750 and wp 51500

ELECTRONICS
70 amstardam Ave.. Now York, NY 10029
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MUST LIQUIDAT

At Far Below
Dealer Cost!

TOTAL Personal Computer System

s
-/

Carries easily
at & suitcase!
Plugs into 115Y outlet!

THE COMPUTER

Snap-on computer keyboard! 64K RAM. 20K ROM. Full-
size typewriter keyboard. Upper and lower case
letiers, numerals, Symbals. reverse chafacters. 2
cursor contrel keys. 4 lunction keys, programma-
bie to 8. Musit synihesizer with 3 independent
voices, each with 9 aclave range Inpul foutput ports
accommodate . . user, Senal, ROM cartridge. [oy-
stcks. external menilor, phane modem

Bullt-In disk drive! Intelligent high speed unit with
5% Mloppy disk recorder 170x lormaited data star-
age: 35 tracks. 16K ROM. Uses single wided, Single
density disk. Serial interface. Second serial port to
chain second delve or printer

Built-in tolor moniler  Displays 40 columns x 25 lines
of tex1 on 5° screen. High resolution. 320 x 200 pix-
els. 16 background. character colors.

Auilt-ln AOM cariridge port! Insert ROM program car-
tridge. Multitude of SubyectS available v siores
across the nation!

Original List Price . .. ... .. $995.00
Liquidation $ 3 8 8
Priced

At Only .

ltern H-319-63631 00 Ship. handling: #20.00

Factory Reconditioned with
Factory Warranty!

Sorry, we’re not permitted to PRINT the famous brand-name.
BUT, we CAN 'tell all” if you call us TOLL FREE: 1-800-328-0609!

THE PRINTER

Prin meihad: Bi-directional impact dol matrix.
Character mateix: 6 x 7 dol matro

Characters: Upper and lower case letters. numerals
and symbols AD PET graphic charactars.
Graphies: 7 verticai dots — maximum 480 columns
Dot addressable

Character codes: CBM ASCII code

Print apeed: 60 char aclers per second

Mazimum columns; 80 columns

Character spacing: (0 charatiers per inth

Line feed spacing: 6 ines per inch in character mode
or 8 lines per inch seiectable 9 lines per Inch In
graphics mode

Lina leed speed. Slines per second i character mode
7.5 lines per second i graphics mode

Paper leed: Friction feed.

Pager width: 4.5 to 8.5 width

Mutlinle copies: Original plus maximum Of two Copres.
Dimensions: 13°W x 870 x 3% H. Wt 6% Ibs. Power:
t20v AC. 60 Hz

Original List Price: *200.00
Liquidation

e B

ltwm H-919-83831-00 St handhing: $7 00

JOYSTICKS (Set of 2)

Mt List: $59.90 pr. $1 9
pr.

Liquidation Price
item H.919.63622-01 5/H: $4.00 pr

Compatible with above Computer System {Not included in package price.)

{Factory New/ First Quality)
Limited 90-Day Factory Warranty,

64K MODEM
Mtr. List: *124.95

Liquidation Price. . .. ....... 1 9

Hem H-915 83564500 5/H: #4.00

i )

Credit card mambers Can order by phons.
24 hours & day. 7 dayy & wesk

Toll-Free: 1-800-328-0609

Your chech is welcormal
Na delrys when you pay by chack

c.o-M IBI Direcy Marheting Corp.

Authorized Liquidalor
14605 28th Ave. N. ® Mpis.. MN 55441.3397

r

SEND ME THE ITEMS | HAVE LISTED GELOW
Sales ch trnental U8, sre subje<i 10 3p ]
conditiond. Preass call OF write b0 inguire.

Iterm No " It Pnce] 5°H

TOTAL

THE SOFTWARE

“Easy Script” One of the most powerful word pro-
cessofs al any priced Cul re-typing. creale docw-
menits rom standard par agraphs. do personalized
letiers. see and change a document before it 15 print-
od. InStruction manual has exiensive tralning sec-
lion thal simplilies use . . . even lor som#one who
has never used & Computer of word processor before!

“The Manager™ A sophusticaled database manager
for business or home use. Business uses: accounts
payabiefreceivable. Inventory, appoiniments, task
manager. Home uses: mailing lists. home Inventary,
recipes, collection Organizer. investment tracking.
theckbook balancing. School uses. research arti-

cle ndex. gradehonk. $2

Mir. Sug. Retail: *73.98
itam 4.9 19.64011.03 Ship, handiind 83.00

Liquidation Price .
BUY INDIVIDUAL UNITS OR
GET THIS ULTRA-FAMQUS
SYSTEM AT ONE LOW
PACKAGE PRICE!

TOTAL Personal Computer System
available at FAR BELOW dealer cost!

Original List Price . . . . . $1,293.00
TOTAL
ST
PRICE 22 . Lak

Nam H 919.84011.02 Ship, handbng 824,00

C O_M.B. Dwect Marketing Corp. Itern H-919

14605 201h Ave M./ Minnsapols. MN B6441.3397

Swnd tha items indicared ot left {Minnesots ressdenty a oy £%

HIEL 18 Prpabr R0 34 washy dtivtry. Somy, na C.0.0 1

7 My et o1 money order i anclosed (NG delays i procesung
orders pasd by chack, thanks 10 TeleCheck |

Charge: C MosieCod, O WISAr /

Aot - Eap

PLEASE PRINT CLEARLY

Mame —

Addresy

Ciy — -+

Stata e
Phona L 1 !
Sign Hers  — —_— e _)
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New and Used Electronic Test Equipment

Sales ® Service ® Rental ® Leasing

el SHOOTER

LOW-COST
EPROM BLASTER

# Ideal tor Hobbylsts or Light Usage

* 128K RAM Bufler

# Bulid-In RS-232 Port

* Completely Assembled & Tested

# Programs 27 16 through 27258

* Fast Intetiigent Algorithm

* Warks with Any Computer or Dumb
Terminal

& Stand-Alone Mode. Copies and Verifies

# Upload/Download in Inlel/Motorolaf
Binary Formats

® 90 Day Warranty Parts & Labor

$395.00

>

’

INDUSTRIAL

MODEL

WITH TIMER 750

MOOEL T8/2T 391.

& Erases 15 EPROMS in 20-30 Minutes

* Rugged 60 Minute Ayto Shut-Off Timer
and Safety Interiock

# 5" x 8" Tray with Indicator

& Conductive Pad

@ Attratlve Steel Enclogsure

MODEL T8/

$49.95

This is & Low Cost Unit Designed In a Two
Part Plastic Case.

This unit erases as many as 8 EPROMS In
15-20 minutea.

i
Ol et B JOR-1E07 X 55

LBO 524L DC to 40 MHz

The LBO-524L s designed o meat abroad range
of applications in design. testing and servicing of
both Bnalog and digital circuits and equipment.
its large Bx10cm PDA CRT provides sharp. bright
displays even at higheat sweep rates. Compre-
hanaive triggering conirols including holdoH,
alternate trggering and delayed awaep trnggered
funcibons permi stable diapiays 10r even the
most compiex signals With 0.5 millivolt sensi-
tivily, extramely [Ow-lavel sighals can eadily be
observed. A channel 1 outpu! ks available on the
rear PAnel to drive olher|ass $ansithe instruments
such as 8{requency counterwithaninput (evel as
low aa 500 microvote. The dusl fime base permits
accurate observation and time intervat measure-
menta of compiex waveforma. includes probes
and 2 year warranty.

Plus tree Hitachi DMM.
3749-00 See page .4

LBO-516 DC to 100 MHz

The LBO-516 ia an economicat 100-MHE, 3-
channe!. alternat® fime base oscilloscopa It has
all of the Imporiant featurea 1hat are expectsd In
a VOO-MiHZ osCilloscope such aa full front panel
operation. alt®rnal® trigQeting 1or aimultaneous
view ol asynchroncus signals and independent
orsimullanecus display of main and delayed time
bases The brght 20-kV PDA CRT and 0.5mV
sensitivity permit shafp, bright diablays of even
those normaily 1ough 10 see crilical signals
Eight trace capability is possible by displaying
main and delayed versions ol CH-1, CH-2, CH-3,
and CH-1+CH-2. Also Included are comprahen-
sive triggenng facilities with video aync seDamiors,
variable trigger holdot, excellent irigger sensi-
fivity and more Includes probes and 2 yesr
warranty.

$1195.00

Pius tree Hitachi DMM.
Sea page 5.

NOW OPEN! Saturday, 9:00 am.-3:00 p.m.
Ay ou@n'%ﬁr&&?ngﬂ a0 P-m-

o1 Frecision

FUNCTION
GENERATOR

MOOEL 3010 $189.00

# Sine, square and trlangle output

* Variable and fixed TTL outputs

#* 0.1 Hz to 1 MHZ in six ranges

* Typlcal distortion under 0.5% trom 1 Hz
to 100 kHZ

* Variable DC offset

® VCO Input for 5weep tests

ESCORT

.. 3Y:-Diglt
&%, Capacltance Meter
Rang®: 200PF - 20mF
MODEL EOC110A

$89.00
Accuracy:

20PF-20uF +(0.5%rdg+1dgt+0.5PF)
200uF (1.0%rdg+1dgt)
2000uF-20mF (2 0% rdg+ 1dgt)

™m

p——

LICATEK
30 VOC POWER
SUPPLY

$135.00
MODEL 30-3/0-30 ¥DC/0-3A

CALL US TOLL FREE

1-800-732-3457

IN CALIFORNIA TOLL FREE
1-800-272-4225

& hinator Charge
B VISA & COD

& Chacs,

& Monay Order ]

(5

ADD FOR SHIPPING AND INSURANCE
0 Lo $250.00, - BA50
325100 10 880000 . - $8.50
$501.00 10 $730.00 . - 5850
$751 00 10 B1O0OO. .. .. oo BIZ50
ovar $1000.00 . - B 8.00

Prices subject to change without notice.

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

® | . [EIE

A0a0aan = Polarc
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HRAMELS

H: ' Smith

HITACHI 3.5 Digit DMM FREE with any Scope
purchased from RAG. See page 5 for details.

HITAGCHI

Hitachi Densis Ltd

CCTV Cameras & Monitors

MOOEL KP-120

Moet the new generation of TV
cameras that brim with useful features,
thanks tothe MOS solid-state imaging
deavices,

.

® Compaci size and light weight

® Long life and high reliability

® Extreme low-light handling capabilities

® No geometric distortion

® Reduced lag and no sticking

#® Excellent immunity to vibratlon and
shock

® No eltects ot magnetic fields

#® Sensitive to near-Infrared

® C mount

MODEL KP-120 Camera Head

Lanses available

® Owing to the use of an automalic
sensitivity adjusting clrcuit. the only
necessary camera operation is
focusing

® A white suppressor circult ensures
falthiul reproduction on the video
monitor, even for subiec!s with stong
contrast.

& Camera mounting screws are
Provided at the top and bottom of the
camera. fachitating mounting of the
camera.

# Switchover to external synchroniza-
tion takes place automatically when
an ext@rnal drive signal is input, hence
no switch operation is necessary. -

#® Synchronizing System: Line-lock 2:1
intertace.

* Pick-up tube: Vidicon tube.

SOLDERING STATION

SA-3-115 $84.00
Special lip-mounted sengor and sophis-
ticated control circuitry. Temperature
stabllity within 5% over the range of
100°C to 500°C (200°F to 930°F). For
115 yAC, 50/60 Hz operation; 230 VAC
model alsc available. Lighted power and
heater Indicators, proportional temper-
ature control and temperature indication
meter, iron holder and tlp cleaning
sponge standard, Rugged. compact en-
closure. Supplied with special 24 yolt, 48
watt. low-leakage Iron and SAT-3-01
(1/32 inch) conical tip.

S? 75 Uu ® Includes 16mm 1.8 lens
’ MODEL H¥-720 $144.00
*MOCEL HY-730 3199.00
BAW MONITORS VYM-900A  97/500 line/video joop $126.00
I VM-910  97/500 line/video loop/ $164.00
OC restoration/rack
mountable
VM-906 9/700 line/video toop/ $210.00
OC restoration/rack
mountable
VM-129 12"/700 line/video loop/ $2716.00
DC restoration
VM-173 17700 line/video loop/ si12.0o

DC restoration

MULTH-

FUNCTION
COUNTER
MODEL WO-755

® 5 Hzto 125 MHz

® 6 Digit LED Display
® Period Measurement 5 Hz 10 2 MHz

® Totalizes to 99,999.999 Plus Qverflow
® Frequency Ratio Mode

® Time Interval Mode

# SwitChable Attenualor & Low Pass Fliter.

$248.00

@ POWER SUPPLY SALE

e

9":. i_.ﬂ'l_'] ;’f

&
1

Automatic short
circuit shutdown
Ripple 5mV P-P
0.075% regulation
Digital meters V&A
Measure external
0-99.9 VvDC
Isolated supplies

WP-705A single 0-50VDC, 0-2A
WP-706A single 0-25VDC,0-4A
WP-707A dual 0-25VDC, 0-2A

WP-708A triple 2 each
0-20VDC, 0-2A
and 5V, 4A

WP-709A single 3.5-6.5vDC
or 11.5-14.5V0DC, 0-7.5A

$309.00
$318.00
$369.00
$453.00
$326.00

WP-TO5A
WP-TOBA
WP-7TO07A
WP-TOBA
WP-7T09A

-
2 1K PRECISION [T e

POWER SUPPLY

MODEL 1650 $319.00

* Functions as three separate supplies

® Exciusive tracking Circuit

# Fixed output 5 VDC, 5A

® Two 0 to 25 VOC outpuls at 0.5A

® Fully automatic, current-limited over-
load protection

® + and — terminals of each output are
tully isolated. in all modes

® All three outputs may be connected in
sefies or parallel for higher voltage
or current

CIACLE 255 ON FREE INFORMATION CARD
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R-E Books Admart

Aates: Ads are 24" x 24", One insertion $825. Six insertions $800. Twelve
Insertions $775. each. Closing date same as feguiar rate card. Send order with
remittance to Books Admart, Radio Electronics Magazine, 200 Park Avenue South,
New York, Mew York 10003. Direct telephone inquiries to Arline Fishman,
area code-212-T77-6400. Oniy 100% Book ads are accepled for this Admart.

CONFIDENTIAL
FREQUENCY LIST,
6th Edition

Latest available infor-

mation on the most

interesting communi-

cations stations oper- o
ating on the short- ey

wave bands. Includes Uﬂ

SLB's, Phonetic Al- Y
phabel Stations
Numbers Stations,
Military, Police, FBI,

Government Agencies and more. 304
pages, 6 x 9 inches. Get your own copy
far $13.95 plus $1 postage in LJSA. ELEC-
TRONIC TECHNOLOGY TODAY INC., PO
Box 240, Massapequa Park NY 11762-
02490.

IC PROJECTS igrmees
FOR
BEGINNERS

Soft cover: variety of projects bullt
around [C's Covering radio and audwo
Projects such as a solar radio and a mini-
ature recerver, plus an audio generator,
interval timer, mixer amplifier and mare.
$5.00 t?Ius $1 postage in LUSA. ELEC-
TRONIC TECHNOLOGY TODAY INC., PO
Box 240, Massapequa Park. NY 11762-
02490.

32
ELECTRONIC
POWER SUPPLY
PROJECTS

Soft cover; 291 pages
of practical DC ¢ircuit
applications fora wide
variety of hobby and
experimental pur-
poses! Circults range
from the very simple
{lixe a hall-wave sup-
ply) to more advanced S
units (like a 12-yolt jn- S
verter). $10.95 plus $1 postage in USA.
ELECTRONIC TECHNOLOGY TOOAY
INC., PO Box 240, Massapequa Park,
NY 11762-0249.

r
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RADIC-ELECTRONICS

CALL NOW
AND

RESERVE
YOUR SPACE

¢ § X rate $800.00 per gach inserton.

& Aeaches 225.379 readers.

® Fast reader service cycle,

* Short lead bma for the placement of
ads.

Call 212-777-6400 to reserve space. Ask
lor Artine Fishman. Limited number of
pages available. Mail materials to

Books Admart, RADIC-ELECTRONICS,
200 Park Ave. South, New York, NY
10003

' LINEAR IC EQUIVALENTS
& PIN CONNECTIONS

Linsar IC
Equivalents
nd Pin
Connections

Shows equivalents & pin connections of a
popular user-oriented selection of Euro-
pears, American and Japanese liner IC.'s
320 pages, B x 10 inches. $§13.50
postpaid in USA. ELECTRONIC TECH-
NOLOGY TOOAY INC., PO Box 240, Mas-
sapequa Park, New York 11762-0249.

WHITE’S RADIO LOG

An up-to-date directory of Narth Amer- |
ican AM, FM and TV stations including
special section on world-wide shortwave
stations. 136 pages, 5% x 7% inches,
soft cover. $4.95 plus 51 postage in USA.
ELECTRONIC TECHNOLOGY TOOAY
INC.. PO Box 240, Massapequa Park,
NY 11762-0240.

CIRCLE 284 ON FREE INFORMATION CARD

CIRCLE 284 ON FREE INFORMATION CARD

DIGITAL IC EQUIVALENTS
& PIN CONNECTIONS

Shows equivalents & pin connections ol a
popular user-oriented selection of Euro-
pean, American and Japanese digital
IC’s. 256 pages. B x 10 inches. $13.50
postpald in USA. ELECTRONMIC TECH-
NOLOGY TOOAY INC., PO Box 240, Mas-
sapequa Park, Mew York 11762-0240.

103 PROJECTS FOR
ELECTRONICS
EXPERIMENTERS

03
Solt cover; 308 pages PROJECTS FOR
of practical, proven Em

plans for the elec- R

ironics hob- =5

e i S gy gl

byisl...circuits, con-
verters, amplifiérs,
synthesizers, op-
toelectronics, power
supplies and more.
Written and designed
by Forrest M. Mims, L. $11.50 plus 51
postage in USA. ELECTRONIC TECH-
NOLOGY TOOAY INC., PO Box 240, Mas-
sapequa Park, NY 11762-0240.

L
(5]
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for most of our tests. All opera-
tions are initiated through a 31-key
keypad; all data is displayed on a
small CRT that measures about 24"
by 274". The logic analyzer weighs
about 11 pounds and measures
about 4 x 7.5 X 15 inches. A small
leatherette pouch attached to the
lid of the machine stores the AC
power cord, probes, etc. A snap-
on plastic cover protects the unit
when it is in transit; the carrying
handle rotates smoothly
throughout 360 degrees to prop
the 318 to a comfortable viewing
angle.

On the left side of the instru-
ment (as you face it} are jacks for
serial input: a 25-pin “D” con-
nector (D8-25), and a BNC jack to
which a low-capacitance os-
cilloscope-type probe may be con-
nected. A BNC-type composite
video jack is also located on the
left side. On the right side is space
for up to four parallel-input con-
nectors (sub-miniature *D” type),
a BNC jack for an external-clock
input, and four pin jacks for exter-
nal trigger input and output, a start
output, and ground. The right side
of the case also provides access to
several important points in the
3185 circuit that are used for diag-
nosing problems with the unit,
should they arise.

On power-up, the 318 goes
through a series of self tests. The
power-up sequence takes only
about five seconds, after which
the machine is ready ready for use.
All operations are accessible
through a set of menus (Setup,
Threshold, and Trigger}; four cur-
sor-control keys, a sefect key, and
an execute key help you choose
the desired item,

The menu displays

Pressing the setup key allows
you to set the overall operating
mode of the 318: serial vs. parallel,
local (keyboard) vs. remote opera-
tion, etc. If you select the parallel
mode, a new menu appears that
allows you to set the acquisition
mode {see below), and to assign
specific data bits to specific dis-
play channels. That allows you, for
example, to hook your connectors
up in just about any convenient
manner. You can then let the logic
analyzer group data lines, address
lines, and control lines together in

Tektronix

OVERALL |
PRICE

a comprehensible display. In the
parallel mode, the 378 has a data
memory of 256 bits for each of the
16 input channels; in the serfal
mode, up to 256 bytes can be
stored.

If you select the serial mode
from the setup menu, a new menu
appears that allows you to select
the communications parameters
(baud rate, sync/async, parity, etc.)
and the acquisition mode. In addi-
tion, you can set the 378 up to ac-
quire data until a portion of the
most recently received data
matches—or doesn’t match—a
designated portion of the 3718%s op-
tional battery-powered reference
memory.

The Threshold menu allows you
set the voltages the 378 uses to dis-
tinguish between different logic
states. You can pick standard TTL
levels, or any values from —10 to
+10 volts, in 0.1-volt inCrements,
to represent the “high” and "low”
values used by your system.

The Trigger menu allows you to
set the event around which the
data display centers. In the serial
mode, data acquisition can be ini-
tiated by an external trigger signal,
by receipt of a one- or two-byte
data sequence, or either. The trig-
ger byte(s) may be specified in bin-
ary, octal, decimal, or hex-
adecimal. Any bit or digit may be a
“don't-care” value. For example,
in hex mode, a trigger-byte specifi-
cation of “FX” would cause any re-
ceived byte that has a leading digit
of “F” to generate a trigger.

The trigger position field of this
menu allows you to choose seeing
the data that precedes the trigger
byte, data that follows it, both, or
data that follows the trigger, but
that is delayed by any number of
bytes you specify {(up to 65,000).

In the parallel mode, three trig-
gerwords are available that may be

WWwWwW americanradiohistorv comm

a mini-sco;’:e
with the
features

most wanted

by field
engineers!

B&K-PRECISION MODEL 1420 $825

Thus 15MHz duai-trace mini-scope

was designed by BEK-PRECISION
engineers to respond to the special needs
of held engineers ... amini-scope with ]
iab-scope features.

11 easily fits into a standard attache
case with plenly of storage room for
a DMM, tools and accessones. The
1420 can be powered from the AC line, [
10-16vDC or an opticnal internal
battery pack.

The rugged 1420 leatures dual-lrace
operation and an honest 15MHz re-
sbonse, with useful response beyond
20MHz. An efficient rectangular CRT

displays waveforms with good read- |

ability under all fisld servica conditions.
There is no sacnifice of featuras or |
performance for compact size. The 1420
has 18 sweeap ranges from 1 uS/div. to
0.58/drv. in a1-2-5 sequence; vanable |
between ranges. Sweep magnification
15 X10, extending the maximum sweep
rate 10.100nS/div. For use with computar
terminals or video Circuits, a video sync
separator s built In. Automalic selection
of chop and ahernate sweep modes is
provided, as is fronl-paned X-Y operalion.
The Model 1420 measures only 4.5 X
8.5 X 12%, weighs 7.75 Ibs., with batteries
and comes with two 10:1 probes.

For complete specifications contact your
local distributor or call B&K-PRECISION.

oA PRECISION

DODYNASCAN '
CORPORATION
6460 Wesi Corlland Sireet

Chcago. Minols 66635 - 312/889-9087

1k bl iorad | Soier, Babk W. Corliind BL Chatage, % SN
Cangd on Bleag atian B orgn K b Ourliniy

Jouth anll CHAN §1 AR Can Tk
\ Emgite E1pariers. Pamview, Y 11808 }
"
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£ RADIO-ELECTRONICS

aratoga Electronics

ORDER TOLL FREE

800-621-0854
ext.245
DYNAMIC RAMS

4164 - 150NS
41256 - I30NS

21.00
£2.45

EPROMS

2716 - 450NS8
2732A - 450NS
2764 - 430NS
2761 - 250NS
27256 - 300NS

o o R

NN R
L-EE-RL W -]
LTI T ]

o

PC/AT COMPATIBLE

SYSTEM BOARD

1 Megubyie Instalied

Duul Speed Selecialile at

6 or 8 MHZ

Compatible “AT™

Svstem Bios

8-Sl Expansion Capahility
Complete & Tested

/90 - Day Warranty

$895

PC/XT COMPATIBLE
SYSTEM BOARD

64K Installed - Expandalile
e 610 KB

477 MHZ SIlf‘Pt]
Compatible “XT

System Bios

8 . Slot (Ful) Expansion
Capabhility

Complete & Testadl

w/ 90 - Day Warrunly
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$25 MINIMUM ORDER
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combined in various ways to trig-
ger data capture. For example, you
can specify that a first trigger word
must be followed by either a sec-
ond or a third trigger word. The 378
allows other triggering options in
the parallel mode, but we haven’t
the space to discuss them.

Data display

After operating parameters have
been set using the three menus,
it’s time to press the data key. That
brings up one of several display
screens, depending on the mode.
In the serial mode, all data in the
256-byte buffer can be displayed at
one time in the character menu
display as ASCII (or EBCDIC)
characters, or, in the state table
display, each location in memory is
displayed on a separate line. Each
line contains the memory loca-
tion, the hex (or octal or decimal)
value, the binary value, and the
ASCII {or EBCDIC) value of that lo-
cation,

The cursor-control keys allow
you to scroll through memory; al-
ternatively, you can enter the loca-
tion you'd like to view via the data-
entry keys in the keypad. You can
change some of the communica-
tlon parameters at the display
screens without returning to the
setup menu. You can flip between
the two display screens at will; in-
deed you can go to most menus at
any time to change operating pa-
rameters.

To inftiate data-capture, the start
button is pressed, or an external
trigger is applied. The message
“WAITING TRIG” appears in the
lower right corner of the screen;
when the trigger-word condition is
satisfied, or when you press the
stop key, an appropriate message
is displayed, and you are free to
examine the contents of memory.
The 318 provides compare and
search functions to aid in that pro-
cess. The compare function com-
pares the current data to a
reference memory. A separate
function is provided from the
setup menu that allows you to
transfer the contents of the data
memory to the reference memory.

You could use the search
function to search for the “FX"”
byte {or any other, of course) men-
tioned above. The 378 locates all
matches, highlights them on the
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screen, and displays the total
number of matches. You can move
through memory, using the cursor
keys, or you can jump from match
to match.

In the parallel mode, a state ta-
ble that lists received data in the
desired number base (2, 8, 10, or
16), and a timing dlagram are avail-
able. The state table is similar to
the serial mode state table, except
that no ASClI values are displayed.
The timing diagram can display
glitches (which are captured
whether or not they are displayed),
and a portion of the display can be
magnified for greater viewing ac-
curacy. Search and compare
functions are also available in the
parallel mode.

Conclusions

After you become familiar with
the 318, operation is fairly intu-
itive. The problem is in getting fa-
miliar. The operator’s manual that
is supplied appears to be little
more than a polished-up version
of the engineering specifications.
It contains most of the information
you need to know, hut the man-
ual’s organization is atrocious.
Tektronix should have supplied a
tutorial introduction for such a
complicated machine. However,
people who have worked with
other brands of logic analyzers
shouldn’t have much trouble ap-
plying their prior experience.

The only other thing we would
criticize Is the small size of the dis-
play screen. Even those with good
eyesight reported difficully read-
ing the screen from a distance
greater than about one foot. Evi-
dently, Tektronix was aware of that
problem, as they included a com-
posite-video output jack. But it’s
inconvenient to use a separate
monitor; we think the 3718 would
benefit from a 5" CRT.

As you can see, the 3718 logic ana-
lyzer has quite a few powerful fea-
tures—and we’ve only scratched
the surface. Other than the few
inconveniences we've mentioned,
the 378 should make a useful addi-
tion to the professional test
bench. The 378 lists for $5300. The
model 338 is similar to the 378, but
it has a 32-bit data path, and a 20-
MHz maximum clock rate. It lists
for $5800. R-E

continued on page 40
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Build Circuits Faster
and Easier With Our $20
Solderless Breadboard

...and do even
more with our
$40 breadboard

Infroducing the pilug-in world of AP
Proguct’s versatile. low cost breactboards

Now you can design. build and test
protolype circuils just like the profes-
sionals...and rmake changes in seconds
No messy soldenng or desolderng. No
more iwisted leads or damaged
devices.

With our ACE 109 and 118 blue bread-
boards, you simply plug in components
and interconnect them with ordinary
hook-up wire. All sizes of DIPs and other
discrete componéents up lo 22 gauge
lead diometers snap nght inta the
01" x 01" mafix of the solderess lie
points...anywhere on the layoul You
don't need expensive sockels or spe-
cial 1ools. Buses of spring chip terminals
form o distibution network for powsr,
ground and clock lines.

AP Products 100 series breadboords
give you all the functions and flexibility
of more expensive ciroult evalualors.
The spnng lerminals have mechanic-
ally independent contact fingers o

accommodate most DIPs and discrate
components. )

The ACE 109 has two ferminals for
separate voltages plus a ground con-

A P PRODUCTS
nechon. The larger ACE 118 offers the
same three lemminais. plus an addi- INCORPORATED
tional terminal which can be used for 9325 Progress Parkway
clocking or another voitage. The back- P.O. Box 540
piates are heavy steel lo keep the Mentor. Ohio 44060
boaords stationary. 800-321-9668 J/
(Ohio, 216/354-2101) /
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Don't wait, These low prices won't ast forever. & P
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IF YOU WANT TO GE1
YOUHAVETO GET INTC

Learn PC Servicing By Building Your Own NTS/HEATH HS-1£
Desk-Top Computer, Circuit-By-Circuit

IBM

NTS Intronic Home Training The NTS/HEATH 16-Bit HS-151 E

Takes You Below The Surface | This desk-top PC is the most powerfuland | Com patlble
NTS gets you right down into the versatile ever offered in any home training

heart of computer circuitry. You learn program. Check the advanced features

how microprocessors function, how listed below:

they are designed, how they operate 1. 128 KB RAM user memory on board,

and are used to solve problems. Your expandable to 640 KB

program inciudes a wide variety of 2. 16-bit 8088 Microprocessor accepts

tests and projects, as you assemble advanced soilware, speeds word pro-

your PC. You experience the ex- cessing. also allows selection from the huge

citement of seeing your own skills library of IBM software.

grow, the security of knowing you 3. 5.25-Inch floppy disk drive, double

really understand what makes a density, IBM formatted, stores up to 360 KB.

computer fick. (Expandable to dual disk drive, and optional

AC i 10.5 MB hard-disk drive.)

BC g[aers{cinn 3 | 4. MS-DOS operating system, IBM compati-

bllity, make a wide choice of software
programs available.

5. Four open IBM-compatible slots provide
for future expansion, printer, modem, sic.
Will accept most peripheral boards designed

The world of computers is
constantly expanding. Applications
have spread from business to manu-
facturing, trom industry to medical |
and scientific fields. Computer-aided

design. engineering, and production for 'BM'BC‘
have revolutionized drafting, 6. Two video outputs for cofor Or mono-
graphics, and prototyping. Computer chrome display monitor. Your NTS course
sales figures point to a continuing includes a high resoll._mon monitor c_!lsplaymg
need for service technicians as well 80 characters by 25 lines. or graphics.
as installation and maintenance 7. Edning capabilities heip you insert or
specialists. The type of training you delete characters and lines, erase, jJump or
receive will largely determine your | smooth scroll, etc. j
ability to take advantage of these Your NTS training course will teach you to
opportunities .... and nothing beals program on this outsgandmg PC. using
the praclical, down-to-earth training lessons, texts, and diagrams to make fult use
you get from NTS. ‘ of its capabilities. Catalog contains complete
details. |
Lesrning circultry througt the construction of this Flaid servicing is interesting and rewsrding. The NTS'HEATH HS-151 PC compilated, inc!
equipmen! offers practical training for which thers Technicisns may work for s service DRI, ttor and fulli-tunction keyboard with cah
is no substitute. Test oquipm!nr .‘s_lncmd.d. mEnufscture, or major Uusers. style keypad, and typewriter format.
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NTO PC SERVICING
\ MICROCOMPUTER

i - R

s

4 Sy =T
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I Une tos! squipment such saw -

instailing the disk-drive in the PC is one of the tinasi stages in the

microcomputer. Learning the use of teat squipment to check circuits is an integral part
of the training which. with fisid sxperients, deveiops invaivabhe career skills.

biy of the

NTS COURSES COVER MANY
AREAS OF SPECIALIZATION
IN ELECTRONICS:

Robotics: Build the NTS/HEATH Hero. 1
Robot as you learn robotic programming.
Robot is complete with arm and gripper.
voice synthesizer, Robolics is becoming
increasingly important in industry as aimost
daily naws features attest.

Video Technology: Build one ol the most
advanced Color TV sats in America as rou
leam circuit diagnostics, and the use o
?'{?ital test instruments. Course covers color

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

Industrial and Microprocessor
Technology covers Circuit analysis, micrg-
rocessors and automation applications,

sers, and basic induslrial robotics.

TV & Radlo Servicing Is a specialized
course offering an excellent foundation in the
use and application of both analog and
dignal test equipment as applied to the TV
servicing field. Leam circuits, adjustiments,
trouble- shooling, and servicing of Color and
menoChrome menitors,

Digital Electronics offers the student the
opportunity to get involved with computer
concepts, computer technology
fundamentals, and digital equipment by
training on the NTS Compu-Trainer.

Baslic Electronics is a course designed
for those wishing to have an over-view of
electrorics in many of its’aspects including
radio receivers, solid state devices, and
electronic components.

NTS Intronic traning programs Include a
variety of superb equipment, most of which is
classified as field-type. makingrthe traning

ractical and career onented. Texts and
essons have been tested in our Resident
School In Los Angeles to assure home study
students their courses of training are easy to
understand NTS, now in its 80ih, year,
continues to be at the leading edge in
Etectronics home training.

" i0M ig @ racemank of inlernahons! Business Mactwnes Corp.
“ M5 & @ racemadk of Microsalt Comp.

Fcard B mepang seToly weie b0 the address Shown below sialing
P COUrSE yOu ace nteresied i A FREE color caialog with gl
cetads will e st 1o you by retue madl

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905
Reatent ane Home- Study Schools

4000 So. Figuerca S4.. Los Angeles. CA 50037
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'LEARN TV/VCR
REPAIR

Ho Previous
Experience
Necessary

N ow you can 1rsin 4t home In spare time for a mon.
eymaking carver a8 2 TWWCR Repalr Specialisi,
NG nzed to Quit your jol o schoal. We show you how
ta troudieshool and repair videocassette recorders and
TV seis, how 10 handie hovis Cails and shop recaie for
almost sy make of welevighon of VCR. You leam about
TV THCeivers, luners and antennds, x.ray tmiison, the
characiecistics of lound. how eleciricyl impulses are con-
verted inw a TY Dicture, and much, much more. Tools
are included with yOur COMNE 32 You can g¢t "Nandi-on’
Practice g you follow the lessons Hed by siep, Send for
free facts shout ®Pporunities in TW/VCR Repabr and
find oul how yYeu can dlart making money [n thh
great career. o
Experts show You what to do_how to 3
do It...gulde you every step of the way! |
Everyihing b ¢aplained i eavy-1oundentand language
with plenty of dréwimgs, Photos and diagrams But H
therg 1 EvET ANYTRIAE in Your (#3404 ¥ou don't under.
$land, you ¢an write or phone your imtructor and you
€an count on getiing an uthoritathve answer. Send for
free fatts and cofer brochure, Mo cost, Mo obllaalion.
No sleyman wil vit you; MAIL COUFON TODAY!

n} SCHOOL OF TV/VCR REPAIR, Uepl DED1S I
et we | SCrROn, Ponnsyivang 18513

Pleast send my free facns on how | can learn TVIVCR l
Repalr a1 home in my spare time. No salesman will visit, I

Name Age

Address
I City/SmatefZlp

—— A —— g

Phane | 1

STUNGUN

Free
holister
with
Purchase.

R
8
EQUALIZER

+ Tha ulimate non-1ethal delense
weapon.

» In five Seconds can immobitize your
atiacker. even through heavy cloihing.

« Discharges over forty thousand volts
af electricity from a nine voil nickel-
cadmium battery.

« $40.95. Mass 5% saies tax, $3.00
shipping and handling.

1-800-522-2636
FOR ORDERS ONLY
617.871-5611
FOR INFORMATION
Cameo Enterprises, Inc.
P.O. Box 63, Accord, MA 02018
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Rhoades TE-600
Teledapter Stereo
Synthesizer

Add simulated stereo sound

to your video set-up.

THE HOTTEST THING IN VIOEO THESE
days is audio. Or, to be more pre-
cise, stereo audio. Everywhere you
turn, you see the new stereo TV's
and VCR's.

But many of us still own mono
equipment, and the idea of scrap-
ping an otherwise quite servicea-
ble set-up in favor of a new one
just for the sake of stereo often is
not appealing. And it is certainly
not economical, especially when
one considers the high-end price
tag of much of that new equip-
ment.

There is an alternative. It is the
Rhoades (Highway 99 East, Colum-
bia, TN 48401) TF-600 Teledapter.
The primary use of that device is as
a stereo synthesizer, but it has
other features that help make sure
that the unit will not someday join
the rest of your system on the
scrap heap.

A stereo synthesizer

The primary application of the
unit is as a stereo synthesizer. It
can accept a mono-audio input
from a TV, VCR, etc., and produce
a stereo-audio effect. A low-im-
pedance input is provided to ac-
commodate those systems where
no audio output is provided. In
those cases, the audio can be
tapped directly from the TV's
speaker terminals and fed to the
low-impedance input. An input-
level control is provided to set the
low-impedance input to the prop-
er level.

The unit uses Rhoades’ Stereo-
Plex circuit to perform the stereo
synthesis. According to the man-
ufacturer, that circuit works by
creating a time delay between fre-
quency elements of the original
signal. The manufacturer claims
that that technique allows the fre-
quency response of the derived
stereo channels to be essentially
flat from 20- to 20,000-Hz.

In use, the stereo effect that re-
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sults is dramatic. A/B testing is fa-
cilitated by an infOuT switch on the
front panel. When stereo syn-
thesis was selected, the sound
spread out and filled our listening
room. Listening to the same
source material in both "natural®
stereo and synthesized stereo, it
was often difficult to discern be-
tween the two.

And a bit more

If the TE-600 stopped there, it
would merit a spot at the top of the
list for anyone interested insuch a
product. But there's quite a bit
more to that unit.

Rhoades has provided for the
day when your videc equipment
will be upgraded. An ambience
circuit that's designed towork with
stereo sources has been included
In the unit. That circuit detects and
reduces common components of
the audio from the two stereo
channels. The result is widened
stereo separation and a concert-
hall effect. For instance, when the
ambience circuit is used, vocals
tend to reverberate and seem to
“bounce” off walls, as they would
in a live performance.

Finally, the manufacturer has in-
cluded a National Semiconductor
DNR noise-reduction system. That
noise-reduction system can be
used with either mono or stereo
sources. In addition, it is single-
ended. That means that, unlike the
more familar Dolby systems, it
does not require encoded source
material. It will remove high-fre-
gquency hiss from all sources, in-
cluding TV, video and audioc tapes,
AM and FM broadcast radio, and
satelllte slgnals. When properly
set, the DNR circuit did an excel-
lent job of removing that high-fre-
quency hiss, without appreciably
affecting the frequency response
of the input material.

The unit’s built-in switching ca-
pabilities can accommodate up to
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CLEARANCE!
TEST EQUIPMENT

Overstocked and discon-
tinued test equipment is
being sold by U.S. Instru-
ment Rentals at clearance
prices. Equipment is pre-
owned, fully tested and
warranted. Thousands of
models from over 100
manufacturers are repre-
sented: HP, Tektronix,
Fluke, Intel and others.
Special financing is
available.

MAKE
AN OFFER!

Some overstocked equip-

1 ment has to move fast!

SOME EXAMPLES: e — Offers are being accepted
L ALY
mwawsTion bamaIe s e o for analyzers, scopes and
R AYZER 5 T T AT R ) development systems. ..
OB X 1E Al 223 MD IYSTEM o

1 Ty R R R  e21A _~ MD SvsTEM Products include: HP,
TOPPFR TERMINAL MDS- 230 SYSTEMN -
W/AMICROCOMPUTER TITE ~ MDS-ZR6 .:E 1‘!‘“.\: Tﬁktfonlx, [ntel, Dolch
(331 83 BURROLGHS MDS 2664 MD SYSTEN
COMPATIBLE TERMINAL DOLCH and more.
Q@) e ——
CORER % AODEM aRiD - .
COMEX 8 MODEN COMPASS  AICROCOMPUTERS wiNg it United States

TERMINAL OFFICE ASS 5]

Instrument Rentals, Inc.

AGT Now. For our Hot Sheet on the l B AUSS Leasing Company

8 N complete inventory, send in 2988 C Dri
(lgntte s it the rlZader service Eard c?r San Maloo, CA 94403
The first reasonable offers

: call e ;
Dy SRR 800-824-2873  shone umoer snd wirss

on the rcader service card.

for details.
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RADIO-ELECTRONICS
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Free

Famous h' o tECh
atalog

A very special computer &
electronics guide that shows
you what the exciting world of
kitbuilding can do for you.

Challenge. Knowledge. Achievement. Enjoy-
ment. All of these things are yours when you buiid
a Heathkit high-quality product. Cur colorlul, in-
formative catalog reflects the years ol experience
and technological expertise that make these

things happen for you.
§ ‘li _
.4‘.
. A

Precialon Teat Inalrurmnsnia

ﬁ’o’

Elcironic Keylens Dooriock j

o 5

Amaleur Andlo Tarminal
Kode Conleoller

Hero® 1 Educationat
Aobol and Coursewere

184.PC Compatible
A\ Ezpandable Computers

dence and pride lhat you can only get
by building a state-of-the-art product
yoursell. And you'reé backed by our
promise, “We won't iet you fail "

The Heathkit Catalog is a simple -
and FREE - first step toward this ex-
cellent opportunity.

tn our catalog you'll find over 450
interesting and useful items — from
compuler hardware and software to
robots and teslinstruments, and from
home Security systems to color tv's
and amateur radic equipment.

But what makes Heath Company
unique is that we offer you the confi-

NOW for your FREE Heathkit Catalog

——————————————y;

Yes! | wvant io see what kitbuitding can do for me. I
Please send me the lates! Heathkit Cataiog Free.

Send to: Heath Company, Dept. 020-382 |

Benton Harbor, Michigan 43022 I

Name I

'Aodwas I

I |

- Ci 5

mmHeathkitmm! ™
__Heath I ', P e LN I-
Company IA.ubmourrarzmmodrmwpor:m CL-787 |-

BSR4 C N, PRI |

CIRCLE B6 ON FREE INFORMATION CARD

WwWwWw americanradiohistorv comm

Rhoades

TE-600 |

OVERALL
PRICE |

EASE
OF USE

INSTRUCTION
MANUAL

PRIC E/
VALUE

three stereo or four mono inputs.
A tape-monitor loop provision al-
lows the unit to be inserted in the
tape-monitor loop of any stereo
receiver or amplifier. That allows
the ambience circuit and/or the
DNR circuit to be used with your
audio equipment.

Accompanying the unit was a
rather rudimentary “manual.” That
manual, consisting of but a single
sheet of paper, provided some
basic information about the unit,
and how it is used, but little else.
On the plus side, a technical-as-
sistance telephone number is
provided for those who have trou-
ble hooking up their unit. Consid-
ering the sketchiness of some of
the information, we’'d wager that
the manufacturer gets a fair share
of calls.

This is a well-made, well-
thought out product {with the ex-
ception of the manual}). It is cov-
ered by a two-year |imited
warranty. The TE-600 is available di-
rectly from the manufacturer for
$145.00, plus $4.00 for postage and
handlmg R-E

R i
Tt ~w &

“The meaning of life? Just a second,.."
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loseph Electronics give you a free 3'%-digit DMM (Regularly: $79.95)
Ath the purchase of any Hitachi Oscilloscope. For the best value on instrumentation
nd all your electronic needs CALL JOSEPH ELECTRONICS TODAY!

{ITACHI VC-6041 UX Professional 40 MHz Digital Storage Oscilloscope.
eatures: Repeat Storage of Waveforms at 40 MHz » DC to 40 MHz range * 4000

/ord memory per channel » Storage of 10 MHz — One time events 9
Cursor Function ® Probes » Free! Midland DMM  Reg: $4950 $42 5

{ITACHI V-1100 A 100 MHz Readout Oscilloscope for fast, easy and precise
1easuring. Features: Built-in computer * DC to 100 MHz range * Large 6inch
:RT *» Quad channel ¢ 8 Trace, delayed sweep * Digital Measurement

18 Kv accelerating potential » Probes

Free! Midland DMM  Reqg: $2490 $2195
{ITACHI V-222 High performance, lightweight 20 MHz portable
scilloscope: Features: Compact Design * 6 inch CRT with internal

raticule » 1 Mv Sensitivity » Dual Trace » Auto Focus * DC to 20 MHz range

Vertical Trigger Mode = DC Offset » Probes
Free! Midland DMM  Reg: $715 $495

{ITACHI V-422 Same as Hitachi Model v-222 above, with
inge DC to 40 MHz * Freel Midland DMM  Reg: $925 $625

{ITACHI V-650F Best-selling Oscilloscope, 60 MHz, dual trace delayed
weep. Features: Large, bright state-of-the-art 6 inch CRT » High sensitivity of

MV/div » Dual Trace * Delayed Sweep  Trigger View » Auto- 7
atic Focus ® Probes » Freel Midland DMM  Reg: $1195 $8 5

{ITACHI V-1050F Superb 100 MHz, Quad Trace Delayed Sweep Oscilloscope.
eatures: Large, bright 6 inch CRT » Quad Trace Operation (4 channels)

High Sensitivity * High Accuracy » Alternate Timebase Operation * 20 MHz
andwidth imiter » Full TV Triggering * 10x Magnification

Auto Focus * Probes » Free!Midland DMM  Reg: $1585 $1150

end for our new Joseph's Test Equipment Catalog, featuring 116 pages of
emendous savings on all 25 leading instrumentation lines. This catalog is free, too.

UY A SCOPE
GET A

Midland DMM 23-215 This pocket-sized DMM
features: 3% digit readout. .5% accuracy. 10 Meg
input, and full overicad protection 1o meet UL 1244,

Call: 1 (800) 323-5925

In lllinois: (312) 297-4200

Sl LI ST
HANDLING CHARGES
ORDEA | 4
$0- 999 $10

$1000 - 2499 315

szsw up

‘lnsaph
2lecisomics

8830 N. Milwaukee Ave.,
Niles, IL 60648

WWWW.americanradiohistorv.comm
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NEW IDEAS

An inexpensive crystal timebase
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Tia 4011
) 4

g | 1C4d

RESET
QuUTPUT

STOPWATCHES, OIGITAL EVENT COUN-
ters, and frequency counters need
an accurate and stable source of 1-
Hz pulses. Figure 1 shows a way of
generating 1-second and 0.1-sec-
ond pulses, as well as a manual

RESET pulse, using an inexpensive
TV colorburst crystal, a pushbut-
ton switch and a few common [C’s.
Since all IC’s are CMOS types, the
circuit may run from any five- to
fifteen-volt power source. The
whole circuit, including 1C sock-
ets, can be put together for under
ten dollars.

TE 1/4 aan1

FIG. 1

Circuit operation

An on-board oscillator and a17-
stage divider compose 1C1. By
connecling a standard 3.58-MHz
television color-burst crystal as
shown, an accurate source of 60-
Hz squarewaves is generated at
the |C’s output, pin 1. Those pulses
are then fed to 1C2, a 4024 seven-
stage ripple counter. Its outputs
are connected to differenl gates in
IC3, which is a dual four-input
NanND gate. Depending on which
position PULSE-SELECT switch 52 is
in, one of those gates will provide

WWwWw americanradiohistorv comm

NEW IDEAS

This column is cevoled 10 new deas, Cir-
Cuits. dewvice apphicathons, consiruction fech-
mques, heiphal hints. eic

Al published entrres, upon Pubhcabon, will
sam §25 In additon, for LS, residents only.,
Panmase will donats ther mooel 333—Tha
Rapid Assembiy Corcunl Board Holder, hanng
& relan price of $39.95 It leaiures an exghi-
poston rolating adiustrmenl, ndeoang st 45-
degree mcrements. and i positve lock posi-
Bong in tha vertical plane, ghang you & tull ten-
inch hesght adiustment for comioriable work-

I agree 1o the above terms$, and grant
RAadlc-Electronits Magazine the nghl 1o
publish my ea &nd 10 subs®qQuently re-
pubiish My ided in colechons OF COMDIAHoNY
of repaints of similar artcles | declare that the
attached 1ea is My own anginal matenal and
hal ts pubication doss MOt wolate ary ohes
copryright. | also declare [hal this matenal has
oA been previousty publshed.

Title of Kiea

Signature

Print Name Date

Sireel

City Siate Zip
Mail your idea along with s coupon
ic: New ldeas Radio-Electronica.

200 Park Ave. South.

Hew York, HY 10003

an output/reset pulse of the se-
lected width.

First assume that 52 is in the 01
seCOND position. The gz and the Q3
outputs of IC2 go high after six
input pulses have been received.
Pin 13 of 1C3-a then goes low, so
pin 11 of 1C4-a goes high, and that
resets 1C2, so counting starts over.
If $2 is in the 15ecOND position, the
reset/output pulse is generated
when 1C2's Q3-qe outputs (pins
2-5) all go high; that is, after 60
input pulses have been received.

The pulse from [C3-aor IC3-b is

continued on page 111
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL'S

ntemporary

Electron

CSETIES

The fast, easy wml low cost way (o
meet the ehallenges of today’s
clecironic innovulions. A unigue
learming series that's as innovative as
the circuitry it explains, as
fascinating as the experiments you
build and explore.

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

unigue Concept Modules, sent (o you §

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

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

Unique Interactive Instruction

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

With ¥our fiest
maodule, Fou h

ot this P‘F
\ |

solderiesy
breadbaarding
Sysiemn. You'll

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

T ol

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

wants
an update in con-
temporary Circuits...a
manager OF SUPETvisor in an electronics
plant. ..a doctor, an engineer, a chemist
who finds electronics playing an
increasingly tmportant role in your
work. It"s even for electronics engineers
or technicians who feel their training
needs freshening up. 1Us the quickest,

essennial e.xperienoe i a — most convenient,
...dynamic, hands-on : el ?ﬁﬁ{«;ﬁy 4
?tfelggymi:;[:::t?egf. : » Q. ) ﬁ ifh doit. Andthe
will help you master V‘;& Ei'h?j \,/A only one that gives
principles that appiy all P oo 4, 3 you hands-on
the way up to tomortow’s' | ii=s expenence.

latest VLSI1 (Very Large
Scale Integrated) circuitry.
In your very first module, you’ll
use integrated circuits to build a digital
oscillator, verifying its operation with
a light emitting diode (LED). You'll
learn to identify passive and active
components, understand concepts
common to all electronic circuits.

For Anvone Interested in Electronics

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

WWWW.americanradiohistorv.comm

a——

15-Day No-Risk Trial
To order your first module with-
out risk, send the postage-paid card
today. Examine it for 15 days under
the terms of the order form and see
how the Contemporary Electronics
Series gets you into today’s electronics.
If card has been used, write us for
ordering information.

McGraw-1iill

Continving Educstion Cenler
1939 Wisconsin Ave.
Washington, D.C. 20016

W
Hll'|
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T oae,\ﬁ’
'0030““‘ Regency Scanners
2 Bring you the Excitement of Police,
Fire, Emergency Radio, and more.

e

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

You can also listen to weather,
business and marine radio

calls. Plus radio telephone
conversations that offer more real
life intrigue than most soap
operas. And with our new models,
there's even more.

Unique Capabilities

Introducing two all new Regency
scanners. First, there's the
MX7000, a 20 channel, no-crystal
unit that receives continuously
from 25 to 550 MHz and 800 MHz
to 1.2 GHz. That's right!
Continuous coverage that includes
VHF and UHF televisior audio,
FM Broadcast. civil and military
aircraft bands and 800 MHz
communications. Next in line is
the new MX4000. It’s eight band
coverage includes standard VHF
and UHF ranges with the
important addition of 800 MHz
and aircraft bands. Both units
feature keyboard entry, a

multifunction liquid crystal
display and selectable search
frequency increments.

Practical Performance

If you don't need the 800 MHz
range coverage, Regency offers
two exciting new units. The
MX5000 is a 20 channel,
no-crystal scanner that receives
continuously from 25 to 550 MHz
with all the same features as the
MX7000. Then there's the 30
channel MX3000. It's digitally
synthesized so no crystals are
necessary, and the pressure
sensitive keyboard makes
programming simple. What's

MX3000=—

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

At Home Or On The Road

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

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

IN 46226.

?w%

ELECTHONICS INC
7707 Records Strest
Indianapolis, IN 46226-9989

*Mobile use subject to restriction
in certain localities.
-

CIRCLE 264 ON FREE INFORMATION CARD
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RF QUTPUT

TO ANTENNA
i
§2.5 Mhz 125 MHz 250 MH2 500 MHz 430-520 MHz
QOSCILLATOR ODUBLER |—= DOUBLER ODUBLER AF AMP
1] a2 a3 a4 as
51
POWER
viDED
oz — +=IMODULATOR
% + —l as, 07
- :: R28 T
Bl
1
oy
Al @D LEDT
l 4.5 MHz
L} AU0I1D
% IJSCIL[{..;TOR O | kpUT

FIG. 1—BLOCK DIAGRAM OF THE TV THANSMITTER reveals the overatl simplicity of the circult, which
Is composed of an oscillator. three frequency doublers, and vigeo and audla modulators.

doubler (Q4) and the output amplifier
{Q5). That method of modulation is sim-
ilar 10 the way a conventional AM-radio
transmitter is modulated. The video mod-
ulator has a nominal bandwidth of five
MHz.

Audio input is appiied to Q8, which
operates as a VCQO (Voltage Conirolled
Oscillator) running at a nominal frequen-
¢y of 4.5 MHz to produce the modulated
sound carrier, For simplicity, Q8 is a free-
runeting oscillator, since the *+25-kHz
frequency deviation that is required would
be very difficult to produce at that fre-
quency with a crystal-controlled os-
cillator. Besides, most TV sound systems
will accept a = 10-kHz error in the sound-
carrier frequency without producing un-
due distortion, and that greatly simplifies
the ¢ircuilry required.

Calculating maximum range

The following equations may be used to
calculate the maximum range you ¢an ex-
pect from the wireless video-camerank.

P AWl logarithms in this equation (and in

¥ ' those following) are calculated in base 10;

frequencies (f) are specified in MHz; and
distances {D) are specified in miles.

The average TV receiver has a band-
width (BW)of 4.0 MHz and a noise factor
(NF) of 6dB. For a snow-free picture, the
carrier-to-noise ratio {C/N) should be 40
dB or better. Receiver sensitivity can then
be calculated as the Minimum Desired
Signal (MDS):

MDS = NF +10 log (BW) — 174+ C/N

Plugging values into that equation, we
find that:

8 MDS = 6+10 log {4 x 108)— 174 + 40
& Therefore, MDS = 62 dBm, or
£ 0.794x10-3x 273 = 216 millivolis. So
O for atransmitter power of +15dBmand 2
o  isotropic antennas, that allows a Path Loss
& (PL)of 87 dB.

= PL = 37 +20 log (D) + 20 log (A

5.8

52

Isolating the distance factor we see that:
20 log (D) = PL-37-20log (A
20 10g (D) = 87-37-{20x2.7)
log (D) = —4/20 = —0.2
So the maximum range obtainable should
be:
D = 1002
D = 0.6 mile = 3100 feet

However, you wouldn't really be able to
get a range of 3100 feet because of reflec-
tions, loss from “‘dead spots,” temrain
loss, and obstacle shielding. However. a
distance of several hundred feet is easily
possible using a + 12V supply.

Detailed circuit descriptlon

The complete schematic of the wireless
video link is shown inFig. 2; we’ll discuss
each stage in detail. Transistor Ql is a
common-base {or Cglpius) oscillator bi-
ased by resistors RI,; R2, and R3. Induc-
tor L4 and capasitors C3, C4, C5, and C8
form a circuit that is tuned to the frequen-
cy of the crystal.

The crystal is scries-resonant at some
frequency between 6Q and 65 MHz. so it
appears as a low impedance (50 ohms or
less) at that frequency. Therefore QI will
have sufficient gain as a commen-base
amplifier only at (he resonant frequency
of the crystal. Hence the signal developed
at the junction of C4 and C5 will be ampli-
fied by QI only if that signal is at the same
frequency as 1he crystal. At that frequens
¢y, QI, has sufficient gain to oscillate be-
causc the ratio of the voltage initially
developed between C4 and CS 1o that at
Ql’s coilector is greater than unity.

Capacitors C3 and C8 complete the
tuned circuit; they atso form a voltage
divider that feeds the base of Q2 about one
volt of the signal from Q1. Transistor Q2
functions as an overdriven amplifier that
distorts its input signal and thereby pro-
duces harmonics of the input frequency.

The second harmonic (120 MHz} is the

WwWwWw americanradiohistorv comm

PARTS LIST

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

R1, RS, R11—22.000 ohms

R2. R6, R12, R16—4.700 ohms

R3, R7. R13—220 ohms

R4, R9, R10, R1B, A19, R21, R25—100
ohms

RB, R14, RA33—10 ohms

R15, R26. R35—100.000 ohms

R17, R28. R30—2200 ohms

R20, R22—470 ohms

R23, R27. R34—10.000 ohms

R24—3300 chms

R29—82 ohms

R31—1000 ochms. linear laper potentiom:
ater

RA32—10,000 ohms, audio taper patent-
amedter

Capacitors

C1,C6. C15,C32, C38—0.01 uF 50 volts,
cermaic disc

C2. C7, €9, C14, C18, C23, C26, C29.
C30—470 pF cermaic disc

C3—33 pF. 5%, mia

C4, C19—15 pF, 5%, mica

C5—56 pF, 5%. mica

CB—82 pF, 5%, mica

C10—1B pF, 5%, mica

C11—2 pF, =1pF. mica

C12—24 pF, 5%, mica

C13—39 pF, 5%, mica

017—8 pFa 5%. mica

C18, C24—1 pF, » 1pF, mca

C20—12 pF, 5%, mca

C21, C27—47 pF 5%. mica

C22. C25. C28—1-8 pF, polystyrene trim-
mer

C31, C33, C39—8.2 uF, 20 volts, tantalum

C34—470 pF, 5%. mica

C3a5—220 pF, 5%. mica

C36—5-60 pF. polystyrene 1nmmer

C37—100 pF, 5%, mica

Semiconductors

01-03, Q6—2N3563

C4-—2N3564

05, O7—2N3866

O8—MPF102

Q9—2N3565

LED1—standard red LED

D1—1N757 9V Zener

D2—MV2117 varactor

D3—1N4D02

Other comporenis

Ji—Video camera [ack

JZ—BNC jack

J3—Coaxial power jack

L1—6.2 pH (see text)

L2, L3—0.074 pH (see text)

L4-—0.15 pH (see text)

L5, L6—0.035 pH (see text)

L7, L8, L9—0.018 uH {see text)

L10, L11—5.6 uH

S1—SPST muniature taggle

XTAL—Crystal {see text)

Miscellanecus: Aluminum project case

AA-penlight cell battery hokders

Nota: The leliowing are evallabic from

North Country Radio, P. Q. Box 53, Wy-

kagl Statlon. New York 10804: Etched

and drlited PC boarg, territe cores or

coils L1 and L4, and crystal tor Chan-

nel 14 or 15, s32. 50, Complete set of alt

parta thal mount on PC boarg, $69.95.

!n either case, be sure to specity chan-

nal,
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ward, hut see the text for Information on winding coils L1-L9.
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frequency we 're interested in; L2 and C10
are tuned to that harmonic, and C8 is also
series-resonant at that frequency. The ad-
ditional base current supplied by C8 also
improves Q2's efficiency of oscillation. A
double-tuned errcuit is provided by CII,
C12, C13, and L3: those components filter
harmonics higher than the second, as well
as the 60-MHz fundamental.

Another stage of frequency doubling is
provided by Q3, which operates very
much like Q2, except that the tuned ¢ir
Cuits at its inpul resonate al approximately
125 MHz. and its outpul circuits resonate
at about 250 MHz. Again, Q4 operates
like Q3, taking account of the values of
the components in the tuned circuits.
Howewver, note that no emitier-bypass ca-
paclior or resistor is used. 1t Is difficult to
get good bypassing in the 430-500-MHz
range with ordinary components. and it
takes only a very small impedance in the
emitter to kill the power gain of that stage.
Therefore, the emitter is directly
grounded.

Power amplification is provided by Q5;
it receives its drive from Q4 and the dou-
ble-tuned VHF circuits composed of L7,
L8, C22, C24, and C25.

Both Q4 and Q5 receive their supply
voliage from the emitter of Q7, which
supplies +4.5 volis with no input signal
to Q4 and Q5. That voltage has positive-
sync-tip video superimposed on it, The
video gain provided by Q6 and Q7 is
about eight, and the bandwidth is greater
than 10 MHz. Those transistors are capa-
ble of driving a 75-ohm load to a level of
10 volts peak-to-peak.

Negative-sync input video from a cam-
era. VCR, etc., is DC-coupled (o the
junction of R21 and R22. Video bypass is
provided by C31. Gain and Q-point are set
by R24; potentiometer R31 acts as a video
gain control: and R29 keeps the input im-
pedance around 75 ohms.

FET Q8 functions as a Hartley-type
VCO with a free-running frequency of 4.5
MHz; C36 is used to fine-tune that fre-
quency. Feedback is provided by C35 and
C34: D2 is a varaclor (variable-capaci-
tance) diode. It s biased al about nine
volts by R25, R26, and Zener diode DI,
which also biases Q8.

The varactor (D2) changes capacitance
at the audio rate. and that causes the os-
cillator’s frequency to vary. In other
words, the varactor provides frequency
modulation (FM). Audio is fed to D2 via
R27 and C38, and C37 provides RF by-
passing at 4.5 MHz. The small value of
€38 (0.01 pF) provides pre-emphasis lo
the audio. Audio pre-amplification is
provided by Q9; R32 is the audio gain
control. The 4.5-MHz FM signal from Q8
is summed with the video signal through
R23. The sound-leve] carrier may be var-
ied by changing R23 as neccssary.

The power supply is a 12-volt battery
pack composed of eight AA alkaline

e
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FIG. 3—COMPONENTS ARE MOUNTED ON THE PC BOARD as shown here. Nole how RI1 dangles
from the PC board. We suggest you use & more sature method of mounting that potentiometer than we

cells: 10 AA Ni-Cd cells could be used
tnstead. Alternatively, external power
may be coupled in through jack I3, The
powes-on condinon is indicated by LED1,
which is current-limited by R28.

If, for any reason, video bandwidih
must be reduced, simply add a small ¢a-
pacitor across R24. It should have an im-
pedance equal in magnitude to R24%
impedance at the highest intended video

frequency.

Construction

Our transmitter is built on a single-
sided PC board. the foil pattemn 15 shown
in “PC Service” elsewhere in this maga-
zine. You may use either 0.8- ot 1.6-mm
G-10 glass-epoxy PC-board matcrial. For
most low-power. solid-state applicatlons,
G-10 epoxy is suitable for frequencies at
least as high as 1000 MHz. That material
has high electrical resistance, low elec-
trical loss, mechanical rigidity, dimen-
sional stability and low water-absorption
characterislics.

The majority of construction projects
published the past few years have been
digital—low frequency—projects. Since
many hobbyists have never attempted to
build a high-frequency project like our
ransmitrer, a few words about UHF con-
struction techniques are in order. So bear
with us for a few moments if what we say
below is old hat 10 you.

First, be carefui to select the proper
components. For example, a1 low fre-
quencies (under about 10 MHz), most ce-
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rami¢ bypass capacitors work fairly well.
Typical 0.01 and 0.1 pF bypass capacitors
in TTL and CMOS circuits fail to do their
job as operating frequency is increased to
about 25 or 30 MHz. That may be cor
rected by reducing the value of those ca-
pacitors to 0.001 pF, and by keeping the
lead lenglhs short—zero, if possible.,

As the operating frequency approaches
100-150 MHz, bypassing again becomes
a problem. At that point even smaller val-
ues (47 10 470 pf) are required, and leads
must be very shon. At even higher fre-
quencies, up to about 500 MHz, chip ca-
pacitors. which have no leads, are
soldered directly to the PC board. The
moral is: Keep Icads very short—do not
use Ya-inch Ieads on bypass capacitors.

Commen electrolytic capacitors gener-
ally work weli up to 10 MHz. depending
on value and physical size. Mica capaci-
tors (DM-15 type) are pretty good up to
the VHF range, depending on value, but
they can have from 5 to 15 nanohenries of
series inductance. Thatinduciance can in-
crease apparen! capacitance. For exam-
ple, a capacitor with a value of 47 pF at 30
MHz may measure 82 pF at 150 MHz.
That must be taken into account when
designing luned circuits al the frequencies
we are dealing with.

Typical Va-watt resistars of 15 to 1000
chms behave pretty well up to about 250
MH2z or so. Values below |5 ohms iend to
appear inductive, and values above 1000
ohms tend to appear capacitive. That can
cause a shift in impedance, and, there-
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FIG. 4—-MOST COMPONENTS ARE STANDARD, but note how C26 and C29 connect Lo LB snd LS,
respectively. Also note the unequsl turn-spacing of L2, L3, LS, snd LE. which was brought on by luning
those coils. Finally, note the small slug L4 is wound arcund. and L1's loroldal core.

fore. the resonant frequency, of a tuned
circuit. Stray inductive and capagitive re-
actances cause that shift.

Also. remember that every PC trace has
inductance and capacitance. A PC pad
may have, depending on size. several pF
of capacitance to ground of 1o another PC
pad. A long PC rail may act as an RF
transmission line or even as a resonant
eircuil. It may also appear as an additional
turn on a coupling transformer, by which
unwanted signals might be radiated to
other components of PC traces.

We hope you're not scared by all those
cautions. We just want you to be aware of
some of the problenss involved in RF de-
sign and construction. But if you take care
to duplicate our prototype exactly. the
chances are that you'll have no problem
getting your transmitter working. There is
no “black magic™ involved—only com-
mon sense and careful construction. Just
be sure to use the same or equivalent
parts—be careful!

After you have your components lo-
gether. check the PC board over for shorts
and opens, and make sure that the copper
is ¢lean and shiny. Then, referring to the
pans-placement diagram in Fig. 3, insert
and solder the components, starting with
those that have the lowest profile (the re-
sistors and diodes), and working up to the
electrolytic and trimnier capacitors. Re-
member 1o cut all leads—especially the
capacitors’ leads—as short as possible.
Don’t overhicat the semiconductors when
soldering them to the PC board.

Now you're ready to wind and install
the RF ¢eils. Spread the turns of each coil
evenly, but don’t worry about spacing
those turns perfectly, since the coils will

be compressed and expanded later when
YOU tune up your transmitter. You can see
in the photo (Fig. 4) how our prototype’s
coils wmed out.

® Ll is cight turns of 22-gauge wire
wound on a Ferroxcube T68T188 toroid
core made from 4C4 ferrite.

® 1.2 and L3 are seven tums of 22-gauge
wire wound on a #26 dni)l bit. Of course,
remove the drill bit after the coil is com-
pleted.

# L4 is wound around a standard 10-32
screw thread. The screw should be re-
moved after the ¢oil is completed. Then
L4 should be frted with a ferrite slug. You
may be able to find an appropriate slug in
an old TV, radio, or CB radio. Best results
will be obtained when the slug is taken
from a circuit that operaies in the 25-100-
MHz range. suchas a TV IF ¢ircuit, or the
from end of an FM radio. But it’s not
really critical, and almost anything
should work (provided it’s made of ferrite)
as a last resort, If necessary, L4's diame-
ter, and number of turns, could be
changed 10 fit the slug you have.

® L5 and L6 are three ums of 22-gauge
wire wound on a #26 drill bit.

® L7,18,and L9 are merely ).5 cm loops
of wire wound on a ¥-inch form and sol-

FIG, 5—RF-PROBE may be used with sny VOM
or DVM that has sensitivity greater than 20K
chmsvolt.
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dered to the PC board. One end of capaci-
tor C26 is mounted in the normal fashion.
and the other end hangs from the approxi-
mate mid-point of L8's loop. Similarly,
C29is mounted from the board to the mid-
point of L9; the lead then continues 1o the
pad near the collector of Q5.

® LI1Qand L1l are standard 5.6 pH, 10%-
tolerance chokes obtainable from the 1. W,
Milier Corporation, et¢. They could also
be wound from 36-gauge wire on ¥-walt.
I-megohm carbon resistors if desired.

Last, install the transistors, making
surc that they are oriented correctly and
that their lead length is minimized.

We use a 10-pin camera jack for )1, but
feel free to substitute whatever connectors
you need. [f no sound carrier is needed.
R23, R25, CR2 and all other components
associated with Q8 and Q9 can be omit-
ted. Doing that will not alfect the opera-
tion of the video portion of the transmitter.
They can be added at a later date should
audio transmission become necessary.

We chose not to leave space on the PC
board for the audio- {R32) and video-
input (R29, R31) components, since those
COMPONENLs Were UNNECessary in our ap-
plication. We used fixed-value resistors
for R31 and R32, but small potentiome-
ters could be mounied to the case and
wites run to the PC board. If no gain
control is necessary, R32 should be re-
placed by a fixed 10K resistor. and C38
should be connected directly to the collec-
tor of (8.

Solder the coils to the PC board now,
and solder shont interconnecting wires
from the board to the chassis components.
Before applying power. check over your
work: Make sure no solder bridges exist
and make sure that all polanzed compo-
nents are correctly oriented.

Testing and allgnment

The following equipment is necessary
to align the transmitter:
® VOM or DVM having sensitivity of at
least 20,000 ohms/volt
® RF probe
® Video source (VCR or camera)
® TV set or monitor
® 50-chm dummy load

If an RF probe is not available, you can
use the circuit shown in Fig. 3 with your
voltmeter. If you have no 50-ohm dummy
load, you can use a S1-ohm, Y-watt
resistor. One handy gadget to have is a
tuning wand: a plastic rod with a ferrite
slug at one end and a brass slug at the
other. The inductance of a coil can be
increased or decreased by placing the fer-
rite or the brass slug, respectively, near
the coil.

Apply power and check for +12V al
R4, R9. RI1Q and the collector of Q7.
Check for +9V at the drain of Q8. Then
check for 1.0 ta 1.5 volts at the emitters of
Ql, Q2, and Q3. Check for +4.5 to

continwed on page 114
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HIGHLIGHTS orF THe NPE CONVENTION

The unification of NESDA and NATESA was just one of the highlights of the 1985 National
Professional Electronics Convention.

WHILE EACH YEAR'S NATIONAL PROFES-
sional clecironics convention (NPEC) is a
worthwhile and memorble experience.
1985’s session. held in August in Hanford
CT. was paticularly significant for the
elecironics industey. Al thar meeting a
conselidation agreemient between the Na-
tional Electronics Sales and Scrvice Deal-
ers Assaciation (NESDA) and the
National Association of Television and
Elecironic Scrvicers of America
(NATESA) was unanimously approved by
NESDA. Later in the month, NATESA,
al its convenmtion held in St Charles. L.
also unanimously appraved it

Jolning together

Under the agreement, the Chicago-
based NATES A organization will become
the NESDA suue afliliate in [llinois as of
January |, 1986. At (he same time,
NESDA will accept and perpetuate the
henitage of NATESA as its own. bor (wo
years, currcnt NATES A members who

. reside ocutside of Illinois may choose to

either remain members of the ilhinois as-
sociation o1 to join the NESDA affiliate in
their hoine state. Current NESDA nem-
bers residing in 1llinois have twa years 10
jon the new Ilinois affiliate.

GETTING INVOLVED. Murray Barlowe, CET, and
Ed Kimmel, CET, partiCipaie In the Electronics
Instructors Conference, one ol 1he many seml-
nars st the Harttord NPEC.

MAM OF THE YEAR. Larry Steckler. publisher of
Aagko-Emctronics, Chairman of the Electrones
Indusiry Halt of Fame. and NESDAS Man of the
Yoar speaks sl the Hall of Fame Banguel. Roger
Companion. NATESA Vice Presidedt, is seated
at the right.

Former officers of NATESA wili be
recognized equally with those of NESDA.
The founder nf NATESA. the latc Frank J.
Moch, who. al the convention, was induc-
ted into the Electronics indusicy Hall of
Eane. will be perpetually honored as the
father of bath organizations.

The curment presidents of both organi-
zations highly praised the new agreement.
Said continuing NATESA prestdent Tom
Leency. “*We're proud 10 contfibute our
part to a vibrant NESDDA organization,
and this agreement shows that the people
in our industry have the ability 10 work
together for the good of all.” Dorothy
Cicchetti. the newly-clected president of
NESDA, added, " With the addition of the
diligent and lvyal NATESA members.
NESDA will become an cven more domi-
namt force for good in our profession. ™

Elections and awards

A spirited contest led 1o the clection of
Dorthy Cicchetti. of Flushing. NY. as
NESDA president.

The other NESDA officers elecied in-
cluded: Roben Harrell. Johnsen City. TN,
151 Natonal Vice President; Chfford A.
Shaw, Columbia. VA, Secretary: and
Dick Scott. CET. Olympia, WA, Trca-
surer. Regional Viee Presidents arc An
Van Sicklin. Harnford. CT; Faust
Guarmo, CET, (xecanside. NY: Jim Tee-
ters. CEY. Norfolk. VA; Gene Di-
llingham. CET. Louisville. KY: Bob
Mesa. CSM, Parma, OH; Flayd llack,
CET. Taft, TX: Gennie Randel. Greens.
burg. KS: Vince Hostetler, CSM. Grand
Junctiom, CO; Ken Duncan, CSM. Anii-
och, CA: and Bob Villom. CET.CSM.
Tacoma, WA.

‘The new ISCET (International Society
of Certitied Electronics TechwuiCians) of-
ficers are: Jimi Parks. CET, Orlando. FL,
Chairman: Don Winchel, CET. Sman-

OUTGOING NESDA PRESIDENT Gearge Bluze
{standing |eft) presents certtficates recognlzing
the industry contributions of Paul Kelley (stand-
Ing center), Aobert Haskin®, ard Robort Fead.
Tom Plant CET {slanding right) accePled 1he
certificate for Haaking and Read.
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ville, CA. Vice Chairman: Hal Robbins,
CET. Van Nuys. CA, Secrelary: and Earl
Tickter. CET. Baltimore. MBD, Treasurer.
Bob Vitlont will continue as the NESDA
representative to the 1ISCET board of gov-
CMors.

Turning 1o the awards. as previously
mentioned. the late Frank J. Moch was
inducted ino the Elecionics Industey
Hali of Fame. In uddition. Larry Steckler
CET EHF. Publisher, Gemsback Publica.
tions {including. of course. Kadlo-Elec-
tronics) and Chairman of the Electronics
Industry Hall of Fame was named
NESDA’s Mun of the Year: he was also
presented with ISCET's Continwous Ser-
vice Award.

Other major awards included: Ken
Duncan, CSM, Officer of 1the Year: CIiff
Shaw and Chic Young. P.E./ACSM (tie).
Outstanding Committee Chairman: Don
Erwin. CSA. Outstanding Staie Presi-
dent: Ed Erich, CSM. Quisianding Local
President: Manin Fleming. CET. Techni-
cian of the Year: and Lester Dodd. CET,
1985 Friend of ISCET.

Rounding out the event was an oul-
standing slate of professional seminars. a
trade show, and an unusually rich assort-
ment of memaorable social funciions. R-E

CELE BRATING THE SIGNING of the momentous
agreemenl consolidating NESDA and NATES A
are NESDA President Dorclhy Cicchetti (Teft)
and MATESA Presiden! Tom Leensy,

JEROME MOCH, {standing left) son of the lale
Frank J. Moch, sccepls the plaque designaling
the Induction of his fathes into the Electronics
Induatry Hall of Fame, Making the presentalion
ia Waltece Harrlson, Dlrector of Communlca-
tlons of NESDAISCET.
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Part 2

RICHARD MADDOX

Satellite-TV
Receiver

OK, TVRO fans, heres your chance to build a high-performance

satellite receiver—for peanuts!

LAST TIME, WE
showed you how

our budget satellite receiver works. This
month, we give you step-by-step instruc-
tions detailing how to build the unit.

Consiruction

Use of a PC board 1s strongly recom-
mended: a foil pattern is presented in the
"PC Service™ section of this magazine.

Use the component-piacement diagram
in Fig. 3 and the photograph in Fig. 4 t0
assemble the board. When inserting parts
in the PC board. work in numeric se-
quence, and check off each part as it is
installed.

1—Beginning with resistor R1, insen
all resistors in numerical order. R96 and
R100 are not installed on the PC board.

2—Instail the wire jumpers. Insulation
should cover the entire exposed length of
each jumper.

3—Install the trimmer potentiometers

on

the board, followed by the tnimmer

capacitors, and then the other capaciters.
Carefully check the value of every part
befare mounting it. Be sure to arient all
polarized capacitors correctly.

d4—Install all diodes. Be careful 1o in-
stall them with the comrect polarity. and
use extra care in bending the leads on
glass diodes.

S—Insent all IC sockets, making sure
that pin cne of every sockel is oriented
comrectly. IC| and FLI should both be
mounted flush to the board and soldered
n. The leads of iransistors QL and Q2
should be trimmed to a length of 2 mm.
and those transistors should be mounted
and soldered on the solder side of the
board. The other transistors should be in-
serted from the top and soldered now.
Leave Yi-inch of lead protruding above the
board.

6—Voltage regulators [CI0 and ICN
necd heat sinks. Use heat-sink grease and
mount them loosely to the heat sinks be-
fore inserting the assembly in the PC
board. Align the legs of the regulators and
the heat-sink tabs with the corresponding
heles in the PC board, solder the reg-
ulatars and heat sinks to the board, and
tighten the screws. Install the 7805 reg-
ulator, [C9.

7—Mount poweR switch §3 and arc
switch S2 on the board and solder them.

WWWW.americanradiohistorv.comm

8—Solder the two type-F connectors,
11 and 15, and the three RCA-type phono
jacks, J2, J3 and 14, 1o the PC board.

9—>3lount the RF Modulator on the
board. Be sure that all four mounting tabs
are flush, and then solder them to the
board

10—Mount and solder the induciors.
Note that L4 is mounted vertically on the
board. Install FL2 now.

11—Mount green power LED3 Yo-inch
above the beard. It will be bent to fit into
the front pancl later.

{Editor’s nore: We reccnily heard from
an experimenter who reported that the fol-
lowing modificatians will improve perfor-
mance: Remove R69 from the board.
Replace R64 with a 220-chm, ¥-watt
umt. Add a 330-ohm, Yi-watl unit at the
base of Q7.)

Front-panel assembly

At this point, all components should be
installed except the 1C's and the front- and
rear-panel components. The front-panel
layout is shown i Fig. 5. The wire lengths
given below assume that you are using the
PC board and case specified in the parts

9861 AQYVNHE3d
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FIG. 3—ON-BOARD COMPONENTS ang ahown here. Note that iransiaior Q1 and Q2 are mounied on 1he
underside of the board.

—R3%
1£10
~ICn
@'
+Ca}
[+
R
FLl—
NF MODULATOR

7]
NPT POLAROTOR

FIG. 4—THE COMPLETED PC BOARD. 8¢ sure to route tha Interconnecting wires away from the
voltage reguistors.
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RF MODULATOR I

list. If you're not. use wires of the appro-
priate length.

I—Mount potentiometers R103, RI108,
and R11Q to the front panel. Orient all
three so that their terminals point down.

2—Viewing the panel from the rear,
connect the center and right terminals of
R108 ogether. Solder a seven-inch wire to
all terminals except the right terminal of
RIOB.

3—Mount switches $2 and 4. Solder
six-inch wires to the three terminals on
54. Solder a seven-inch wire to each cen-
ter teninal of S2: connect a short jumper
between the upper-left and the lower-cen-
ter terminals

4—Insent LEDI and LED2 into the ap-
propriate holes in the front pane!l. Orient
them so that their cathodes (the flat sides)
are toward polarity-switch S2. Solder
each cathode to the nearest lower-end ter-
minal on that switch. Solder a seven-inch
wire to each anode.

5—Solder ten inches of wire to cach
meter terminal. Mount the meter in the
front panel.

Rear-panel assembly

The rear-panel layout diagram is shown
in Fig. 6.

I—Mount the terminal strip and AC-
input jack J6 to the back panel.
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All resistors 1 &-watl, 5% unless other-
wise specified.

R1, R3—270 ohms

R2—510 ohms

R4, RS, R32, RX3, R77—680 ohms

R6—150 ohms, Va-waltt

R7—1200 ohms

RS, R30, R44, R46—10,000 ohms

RS9, R10, R26, R53—56 ohms

R11, R18, R17, R24, R25, R28, RGO, RES,
R87—75 ohms

R12, R15, R29, R34, R42, R52, R72,R79,
R82, R86, R95—1000 chms

R13, R47, R70, R83, R96—100 ohms

R14—3.9 phms

R18-R21, R54, R73—470 ohms

R22, R23—120 ohms

R27—820 ohms

R31, R43, RE9—220 chms

R35, R37—22.000 ohms

R36—18.000 ohms

R38, R74, R94—100,000 ohms

R39, R40, R45, R92—4700 phms

R41—unused

R48. R64—330 chms

R49, R51, RB8—2200 ohms

R50—120,000 ohms

R55, R56, R58. R62, R63—150 ohms, ¥~
watl

R57, A75—3300 chms

R59, RB81, R66, R68. R76—560 chms

RB7—43 ohms

. R71~12,000 ohms

R78, RB3, RB4—0 ohms (jumper)

RB0—47.000 ohms

R81—1500 ohms

R85-8200 ohms

R89, R90—2700 ohms

R91—68,000 phms

R96—180 ohms, 1 watt

R9?7-R949, R101—unused

R1D0—5.6 ohms, 5 watts

R102, R104. R105. R1O?, R111, R112—
5000 ohm tnmmer potentiomeater

R103—5000 chm linear potentiometer

R106, R113—10.000 ohm trimmer pOtenti-
orneter

R108—10,000 ohm linear potentiometar

R109—2000 ohm trimmer potentiometer

R110—5000 ohm linear potentiometer

PARTS LIST

R114—100,000 chm trimmer potentiome-
tar

Capaciiors

C1-C5,C7,C8,013-£18,C20,C21, C23,
C24, C27, C42, Ca4, C50-C52, C61,
C64, C65, C67—0.01 uF. ceramic disk

C6, C37, CA1. €43, C54, C59, C66—un-
used

€9, 10, C63—33 pF, ceramic disk

C11, €12, C46, C53—0.001 pF, ceramic
disk

C19—47 pF, siver mica

C22, C45, C49. £58. C60—10 uF, 25
volts, tantalum

C25, C56—47 uF, 16 volts, tantaium

Cz6, C48, C57, C59—0 .22 pF. 30 volts,
tantalum

C286—100 pF, ceramic disk

C29—56 pF, ceramic disk

C30—68 pF, ceramic disk

C31—300 pF, ceramic cisk

Ca2—220 pF, ceramic disk

C33, C38, C62—100 pF, 16 volis, elec-
trolytic

C34, C68—0.1 pF, ceramic disk

C35—470 uF, 16 volts, @ectrolytc

C38—10 pF, ceramic disk

C39—0.0047 uF. ceramk disk

C40—0.047 uF, coramic disk

C47—5800 kF, 40 volts, etecirolytic

C55—0 0022 uF, ceramic disk

C70—220 uF, 25 volts, electroiytic

CTM—5-70 pF, vanablu

C72—2-20 pF, varable

Semiconductors

IC1—MWA120. hybrid small-signal ampli-
far

1IC2—MC10116, triple difterential line re-
celvee

iC3, IC4—1L M358, dual op-amp

1C5—MC1496, video delactor

IC6—NESSS, timer

ICT—NES92, video ampifer

ICB—NESE4, phase-lock l0op

IC9—7805, S-volt requlator

IC10—7812, 12-volt requiator

1C11—7818. 18-voh reguiator

N, Q2—BFR$Y

Q3. 04, O5—2N2222

Q5, Q7—BC328 or 2N3683
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FIG. 5—FRONT-PANEL LAY OUT, with dimenslons to fit the controls mounted to the PC board.

2—Solder 2 jumper wire between the
two ground terminals of TSI,

3—Solder R100 and the positive lead of
C70 o the +5V terminal. Solder the
minus lead of C70 to ground.

4—Solder one four-inch wire to the
PULSE ouiput terminal, another o one
ground terminal. and another to the other
end of R100. Solder a three-inch wire to
the two bottom terminals of J6.
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Q8 BC548 or ECGA48

D1-Da—1INGO

D5—1N752, 5.6-voll zener dioda

D&—HP 5082-2800 or 1N6263 Schottky
diode

D7—152075

DB-D11—1N4002

D12—BB119 wming diode

LED1—standard green LED

LEDZ. LED3—standard red LEDS

Other componenis

J1, J5—F" connector

J2. J3, JA—RCA phono jack

Jé—coaxial power input jack

TS1—4-position screw-temminal strip

L1, L5—10 uH

L2—0.33 uM, six tums on a Ya-InCh form.

L3—100 uH

L4—2.7 nH

$1, S4—SPDT, toggle swilch

$2, S3—DPDT, toggle switch

FL1—BO124 SAW filter

FL2—58 MHz block filter {Dick Smith
L-15600)

M1—200 pA edge-reading meter

RF modulator

T1—18-volt AC power transformer

Note: the 10ll0owing are available from
Diek Smith Electronies, Inc., P.O. Box
8021, Redwood City, CA, 34083: Com-
plete kit of parts Including case but no
power iransformer, #K-6318, $99.95
plus $4 shipping; SAW fitter, #L-16820,
$29.85; Case, #H-2507, $12.95; PC
board, #H-7000, $29.95; 16-volt trans-
former, #MEET2, $7.95;BFRY1 lran-
sistor, #Z-1691. $1.19; BR119 diode,
#2Z-3070, $0.20; MWA120 RF amptifier,
#Z-6095, $12,50; MC10116 ECL IC,
#Z-6000, $0.79; HP5082-2600 Schottky
Diode. #Z-3230, $2.00; 5-8—MHz filier,
#L-1800, $3.95, Other indlvidual parts.
snd complete satellite syatema. are
also available from Dick Smith. Califor-
nia residents please add 6.5% sales
fax. Order® oulside U.S, musi include
U.5, funds and add 15% of merchan-
dise 1otal for shipping.

Final assembly

The component-placement diagram in
Fig. 7 should be consulted while con-
neciing the front- and rear-panel compo-
nents to the PC board,

1—insent and solder PC terminal pins
(or short picces of stiff wire) in all holes to
which off-board components will be con-
nected. Place the PC board in the cabinet.
but do not screw it down yet,

2—Slide the front panel over the two
PC-mounted switches. and then insert the
front panel into the first slot of the cabinet,
Carefully insert the green powgr LED
mnto its hole.

3—Slide 1he rear panel over the con-
nectors mounted at that end of the board.
and then insert the rear panel into the last
siot of the cabinet,

4—Insert and tighten the four mount-
ing screws.
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$—Connect all wires from the off-
board components 1o the appropriate pins
on lhe PC board. Doubiecheck all con-
neclions.

6—Plug the transformer’s output into
J6, and then plug it into the wall.

T—Check the output of each regulator
{1C9-ICI1} for the correct voltage. Also,
check the voltages at 15 (the +18V con-
nector), al the + 5V terminal strip. and at

pin 8 of IC4 (+12V). The rower LED
and meter lamp should light up, and so
should either LEDI or LED2, depending
on the position of §2. Flip that switch to
verily that the opposite LED lights up.

8—Turn off the receiver and unplug the
transformer.

9—Insert all the ICs into their sockets.
Be sure to orient them correctly, and make
sure all 1C’s are seated properly.

WwWwWw americanradiohistorv comm

10—Route all wires down the center of
the board. Be surc t0 leave clearance
around the trimmer potentiometers. and
route wires away from the regulators’ heat
sinks. Use wire ties to secure the wires.

| |—Sel cach Irimmer tqo the center of its
range using a small screwdriver. Set the
1wo Irimmer capacilors so thal the adjust-
ment slot is parzllel 1o the side walls of the
cabinet.

12—Tum on the receiver and measure
the total current dram. 11 should be about
400 ma.

1A—Measure the voltage at JI. Th
voltage should vary as RI03, transpon-
DER TUNING, is varied.

Aligning the polarizer

A friend or spouse may be helpful in
completing the following alignment.

I—Cennecl the polarizer 1o the appro-
priate terminals on TS1. The red wire psu-
ally connects to + 5V. black connects to
ground. and white connects to the pulse
oulput—but make surc vour unit follows
that convention. Center the SkEw control.

2—Tum on the receiver. Verify that the
probe moves as POLARITY switch S2 is
toggled. Mark the vertical probe position
on the side of the polarizer. Move 52 to
HoRIZONTAL. Adjust R113 so that the pro-
be is 90 degrees from its former positiod.

Aligning the tuning control

The adjustments made now will be
fine-tuned a little later.

I—Measure the voltage at pin | of IC3.
Turm AFC on. Adjust R10S for exactly 3.0
volis DC. Turs AFC off. Adjust R106 for
the same voltage.

2—Measure the voltage at JI. Set the
TRANSPONDER TUNING control to line up
with the ““Channel | label on the front
panel. The voltage should be set to the
lowest voltage specified by the downcon-
verter manutactyrer. That is done by ad-
justing R104,

3—Set the TRANSPONDER TUNING
control to Channel 24, Adjust R 102 for the
highest voltage neceded by the downcon.
verter.

Final check-out

The casiest way to check oul and adjust
the receiver is to use it on a system that is
already working. ldeally, a friend or
neighbor will allow you to hook up the
receiver and downconventer for final test-
ing. If that is not possible, ihen first you
will have to get your dish aimed precisely
al Galaxy |. Instructions for doing thai are
usually given in the assembly instructions
packed with the dish,

Next, the feedhom. LNA and down-
converter should be installed, and then
cable should be runto the receiver. Do not
use more than about 250 feet of cable
between Lhe downconverter and the re.
ceiver.

continued on page:i!4
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HUMIDITY MONITOR

Don't let static zap your costly electronic gear! This electronic
humidity monitor lets you spot potentially dangerous conditions.

IF YOU'RE LIKE MANY PEOPLE. YOU TEND
to downplay—or simply ignore—the im-
portance of humidity. But you shouldn't!
The reason is that, after lemperature. hu-
midity is the most important environmen-
tal condition that affects our comfort
level. We're comfortable when the hu-
midity is low in the summer, but that same
low humidity can make us fee] uncomfor-
tably cool in the winter.

Perhaps more important to the readers
of Radio-Electronics is the fact that hu-
midity—or the lack of it—can drastically
affect the operation of the electronic de-
vices we love so well: computers, TV's,
VCR's, stereos, etc. Proper humidity con-
trol in the winter months can reduce the
static buildup that is so often detrimental
to the operation of electronic equipment.
For example, & rule of thumb states that
you shouid be careful when the humidity
drops below about 50% as (he temperature
drops below about 70°. You cemainly
wouldn’t want to handle any CMOS iC’s
in‘those conditions!

In order to help you bring your humidi-
ty problems under control, we will discuss
what humidity is, some of its effects, and
several historical means of measuring it.
Then we’ll show you how to butld a mod-
ern, clectronic humidity monitor that fea-
tures 5% accuracy for about 550.

MARK C. WORLEY

What is humidity?

Humidity is usually specified as per-
cent Relative Humidity. or RH, for short.
Relative humidity is not a measuremens of
the amount of water vapor in the air.
Rather, RH is the ratio of the amount of
water vapor in the air to the maximum
amount of vapor that air can hold. That
maximum varies primarily with tem-
perature, although barometric pressure afe
fects it to a lesser degree.

For example, let’s assume that a given
volume of air al a given temperature can
hold one ounce of water vapor. If that air
contains half an ounce of water, its rela-
tive humidity is 50%. If that same volume
of air wcre cooled, it might be able to hold
a2 maximum of only %o an cunce of water.
So if that air still contained half an ounce
of water. the relative humidity would now
be 0.5 +0.6, or 83.3%.

On a hot day the refative humidity gov-
ems our comfort primarily because it af-
fects the efficiency of our natural cooling
system—our sweat glands. If the humid:-
ty is high. sweat can’t evaporate as rcad-
ily. That's why a hot, dry day is more
comforiable than a warm, humid day.
Various ""comfort zone™ charts have been
developed that show which combinations
of temperature and humidity are the most
comfortable.

WWWwW americanradiohistorv comm

The effects of humidity are evident all
around us. For example, dew is caused by
cooling of the air during the night unul it
saturates (reaches 100% RH}), and it then
releases excess moisiure onto any cool
surface. The temperature at which that
saturation occurs is called the dew poins.

Here's another common effect of hu-
midity: iced drinks that “*sweat” on a hot
day. That "'sweating” is really caused as
foliows. The outer surface of the glass is
cooled by the icy contents of the glass.
That surface in tumn ¢ools the surrounding
air.

\When that air reaches the dew point
temperature, il releases some of its excess
moisture onto the surface of the glass. So
in teality that *“sweating™ is not perspira-
tion from the glass, but condensation
from the atmosphere. Hence the reason
cold drinks don’t “'sweat” as much in dty
climaies as they do in humid ones is that
there’s very little water in the air to con-
densc on the glass.

Measuring humidity

Temperature is easy to measure using a
simple thermomeler, or any of a number
of solid-state devices. Humidity. on the
other hand, is probabiy the most difficult
environmental condition to measure. The
search for an accurate, dependable means

9861 AHVNYa34d
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of measuring humidity hus occupied sci-
entists for centuries. For example,
Leonardo Da Vinci noticed in 1350 that a
ball of wool weighed more on a rainy day
than on a dry day. Ever since then scien-
tists have been refining ways of measuring
RH precisely. For example, methods
using various organic substances, eleciro-
optical sensors, resistive sensors, and
vaniable-capacitance sensors have been
developed. Each method has unique ad-
vantages and disadvantages.

Organic sensors like human hair, ani-
mal hair. and animal membranes have
been in use the longest, and are still in use
today. An organic tissue absorbs moisture
readily, and, as it does, it will stretch more
easily. That streiching can be measured,
and that provides an indirect indication of
RH. As you might suspect. the primary
disadvantage of organic sensors js their
tendency to age rapidly, and 1hat requires
frequent re-calibration.

Relative humidity can also be calcu-
lated by measuring the dew point. The
dew-point method is highly accurate, but
cumbersome, because of the cleanliness,
and the complex, precise circuitry that are
required. A mirrored surface is monitored
as 1l cools until moisture begins to form on
it. The temperature at which moisture is
detected is the dew point. and 1hat is de-
pendent upon relative humidity, The dew-
point method is most suitable for
laboratory work.

Resistive sensors have their problems,
too. The resistance of that sort of sensor
usually ranges from the hundred of thou-
sands of ohms o the wns of megohms.
That high resistance, plus the non-linear
response curves of those sensors, makes
them difficult to work with. [n addition,
they can be damaged by direct contact
with moisture, by common airborne con-
taminants, or by simple DC voltages.
Most sensors require an AC excitation
voltage, because even a small DC voltage
can cause chemical migration within the
sensor, and that usually ruins it.

Another humidity sensor is based on
variations in capacitance. Sensors of that
type weren't commonly used in the past
because of their high cost—typically S100
or more apiece—and because they can be
difficult 10 use due to their small variation
in capacitance. However. the sénsor
shown in Fig. |, developed by the N. V.
Philips Company, and sold in this country
by Mepco/Electra (Columbia Road, Mor-
ristown, NJ 07869), is inexpensive and
casy o work with.

The sensor

Philips’ humidity sensor is a capacitor
formed from a dime-sized piece of plastic
film that is coated on both sides with a
very thin layer of gold. Because the di-
electric constant of that film varies with
changes in RH, so does the sensor’s ¢a-
pacitance. On each side of the Alm the

FIG. 1—PHILIPS® HUMIDITY SENSOR provides a
45pF change in capacilance over the 0-100%
humidity range.
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FIG. 2—THE SENSOR'S CAPACITANCE snd the
relalive humidily sre relaled exponertially.

gold funciions as one plate of a capacitor;
it also provides the electrical contact for
the sensor-housing's spring-contact leads.
The sensor measures about 0.6" in diame-
ter, and 0.9 high. We list some of the
specifications of Philips’ sensor in Table
1. For more information, see Mepco's
Technical Information Brochure 063,
their Technical Note 134, and the daia
sheet that comes with the sensor.

The curve in Fig. 2 shows how the sen-
sor's capacitance varies with humidity. By

extrapolating a little we see that capact-
tance varies from about 115 pF at 0.0%
RH 1o about 160 pF at 100% RH. In other
words, there is a ¢hange in capacitance of
45 pF over the entire RH range. So, in
order 1o measure RH, all we need is a
circuit that translates that 45 pF variation
in capacitance to a properly scaled varia-
tion in volage,

But before we discuss the details of
circuit operation, there are a few other
things you should know that affect the
accuracy obiainable from our humidity
monitor. First, the sensor has a drift of
0.1% per degree Celsius, which translates
o an inaccuracy of 1% for a 10°C change
in temperature. So, over a range of 40°C,
accuracy will drop to about 4%. Given
proper calibration, our humidity monitor
should be accurate, therefore, to better
than 5% RH over a wide temperature
range. Just compare that to the typical
25% accuracy—or worse—of the dial-
type humidity indicator included with
many wall- and desk -top thermometer-ba-
rometer-humidity monitors! You should
also be aware that the capacitance of the
sensor is somewhat dependent upon the
frequency applied to it, but to obtain the
accuracy we're interested in, we can ig-
nore that variation.

Circult operatlon

If we were simply o build an oscillator
whose frequency varied in response to
changes in the sensor’s capacitance, we
could measure relative humidity, but we'd
have an offsct problem, because 0.0% RH
cormresponds to 113 pF, not 0.0 pF. In other
words. we'd have some output even at
0.0% relative humidity. So we use fwo
oscillators in our circyit, and measure the
differerrce between their outputs. That al-
lows us to obtain an cutput of 1.00 volt for
100% RH.

Our cifeuit is a modified version of one
supplied by Philips. In their circuit, onc
4001 CMOS quad-~or package was used
to build the two oscillators, and the gates
in a second 4001 were connected in paral-
le] to provide extra drive for the rectifier/
filter circuit. We decided to use 7555's for
the oscillators because they're only
siightly more expensive, bul much more

TABLEA—SENSOR SPECIFICATIONS

Paramcter
Humidity range
Temperature range

nce {25°C, 43% RH, 100 kHz)

Frequency range
Ta?nq*p-em’ture dependence
Response time (max)*
10-43% RH
43-90% RH
Typical hysteresis
Maximum voltage

Value

10-90% RH
0-85°C

122 pF. 215%
1-1000 kiHz
0.1% RH"C

3 minutes
5 minutes
3%

16 volts

"To 902 of final value. @ 25°C., in circulating air

WwWww americanradiohistorv comm
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FIG. 4—TIMING RE LATIONSHIPS of varloua
polnts in the humidity monitora clrcuit ara
shown here.

predictable (and repcatable) than os-
cillators made from CMOS gates. Also,
we found that it was unnecessary (o use
paralleled gates to drive the metering cir-
cuil,

As you can see from the schematic in
Fig. 3, our humidity monitor is composed

of three CMOS [C's and a low-power: volt-
age regulator. Total current drain is only
about 5 mA, so battery operation is en-
tirely feasible. The circuit consists of two
oscillators, a few NOR gates, and a detec-
torfilter circuit that helps linearize the
outpul.

A CMOS 7555 is used for [Cl, a 7-kHz
astable oscillator. A CMOS 7555 1s also
used for IC2, a one-shot whose pulse
width is determined by R3 and the capaci-
tance of the sensor. The master oscillator
(C1) drives IC3-a, which provides 1he
trigger pulse that drives IC2. The rela-
tionship of those two signals, and the
others (o be discussed below, is shown in
the timing diagram in Fig. 4.

The output of IC2 is inverted by 1C3-b
and combined with the master-oseillator
signal by 1C3-c, which passes only the
diffcrence between the two signals to the
filter/detector circuit that follows. Trim-
mer potentiometer R2 is provided 10 null
the circuit out at the low cnd of the RH
scale. On a dual-trace scope the null con-
dilion appears as equal-phase, equal-wid-
th pulses at pins 3 and 6 of IC3-c. With
inputs of that sort, 1C3-c gives no output.

The detector circuit is composed of di-

WWWW americanradiohistorv. comm

ode DI, resistors R5-R9, and capacitor
C3. The pulses from 1C3-c are rectified
and filtered into a DC voltage that is pro-
pertional 1o relative humidity. Full-scaie
meter adjustment is provided by R6, and
RE and R9 function as 3 voliage divider
that scales the output 1o exactly one volt at
100% RH.

Since the sensor's capacilance is €xpo-
nentially related to RH, something is
needed to increase the linearity of the cir-
cuit. That something is provided by R7,
which supplies extra charging current 1o
C3, which would normally be fed only by
the detector. Also, R8 and R9 discharge
C3 10 further increase lincarity. The only
drawback to our scheme is that, due to the
voltage-divider effect of R7-R9, the out-

PARTS LIST
All resistors Yi-walt. 5%, melal film (not
carbon compaosition!) unless other-
wise noled,
R1—6800 ohms
R2—5000 ohms, linear polentiometer, PC
mount
R3—464,000 ohms, 1%, Yi-watt
R4—2200 ohms
R5—3300 obms
RE6—2000 ohms. lingar polentiometer, PC
mount
RA7—806,000 ohms, 1%, ¥i-walt
R8—7500 ohms, 1%, %-walt
R9—10,000 ohms, 1%, ¥%-watt
Capacitors
C1—0.01 uF, 10%, mylar or polycarbonate
C2~0.001 uF. 10%, my'ar or potycarbo-

nate

C3—0.22 uF, 10%, mylar or polycarbo-
nate

C4,C5, C7, C8—0.1 uF, ceramic. mono-
lithte, or disc

C6—10 uF, 16 volls, elecirotyfic or 1an-
falum, rachal leads

Semiconductors

IG1, IC2—7555 CMOS 555 tmer

IC3—4001B, CMOS quad dual-inpul noA
gate

IC4—78L05, 5-volt, 100-mA vollage reg-
ulator

D1—1N914, 1N4148, or equivalent

Other components

M1—50 pA, Radio Shack #270-1751

51—SPST toggle or momentary switch

Sensor—Mepco #2322-691-50003

Sensor sockel—Molex part #10-18-2031

Portable case—Radio Shack #270-1751

Qutdoor case—Keystone part #677 (set
ol #5666 & #685)

Note: Tne following are dvailable lrom

Mark Worley, 9509-8 Country Alre,

Round Rock, TX 78664: Screened,

drilled, and plated PC board, $7.00;

Sensor $15.00 lor 1 or $25.00 lor 2; Cal-

ibration capacitors (115 pF and 160 pF,

1% mica), $2.00 per set; KiL of IC's, sen-

sor, sensor socket, PC board, re-

sistors, and capacitors, $40.00 (cal-

Ibration capacitors, meler, enclosure.

& hardware not inciuded). Add 10% for

ghipping, 53 00 maximum,. Mosl orders

shippad wilthin 1 week, but 8llow up 1o

30 days tor delivery. Send cash or

check only.
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THE MARK Il
HV CIRCUIT SCANNER

Checks the horiz ocutput circult for cpen / shoris.

Checks the fiyback, yoke, PC, and HY muh.

Checks all scan derived B + sources.

Checks all ¢ircuils that rely on scan derived B+ voltage.
Checks tor open salety capacior.

Checks the emitter ¢ircuit of the horiz output,

THEN,

+ Provided the green normal light is I, the Mark 11 will saiely power
up the TV set so thal you can "look” for open circuits by examining
the picture on the CRT.

+ Circumvents all start up and horiz drive related shut down circuits

APPLICATIONS: The Mark Il will analyze Ihe horiz. flyback. hi-
voilage, scan derived B + sourCes, yoke, pin cushion, HY muitiplier ¢ir-
cuils in any TV sel that empioys either an NPN 1:ansistor of a single
SCA for its horiz output device. This applies to any age. any model. any
chassis, any brand - - - Inciuding Sony.

In brief. the “test”™ fun¢lion scan$ for shorts. the “run” funclion
permils you 10 observe any *open’ ¢lrcuils via the sympioms that ap-
pear in the CRT screen.

HOOK . UP: Simpiy remove the sel's horiz output device and replace
i with the scanner's interface plug. No wires lo disconnect. no other
conneclions required (not even a ground connectlion)

MISTAKE PROOF: Nc damage will result if an error is made during
hook up. The scanner simply won't turn on until the error 1S corrected

PUSH THE TEST BUTTON Just one of the four lights will iite.|

JUST ONE BUTTON !

RED OPEN LIGHT means the emitter Circult of the horiz output stage
is open (no ground path).

YELLOW SHORT LIGHT means the flyback primary, HY muitiplier,
vertical output. horiz driver, and R-B-G coior output stages are not
shorted. Instead, a circuit that normally draws a small amount of cur-
rent is shorted {l.e. the tuner. IF. AGC, wdeo chroma, maltrlx. vertical or
horiz oscillator)

RED SHORT LIGHT means either the flyback, the HY Multipier, the
vertical gutpul, horiz driver of one of the R-B-G output transistors is
shorted

GREEN NORMAL LIGHT means the TV sat's entire liyback circuit is
tofally free of shorts. It aiso means that It is safe to power up the TV set
with the "'run’’ putton $0 that you can ook for open Clreuits by obsery-
g the symptoms on the CRT screen

FEATURES: All start up circuils and all boriz drive related shul down
circults are automatically Ciecumvented by the Mark HI during all 1as!
and run functions. During the 1es! function all flybatk secondary output
is limiled to approx 80% ol normal. 2nd anode voltage is limited 1o ap-
prox 5 KV

This means all cir¢uits that are not shorted will have some 80% of their
normal B+ voitage durlng the “test” phase. It also means that any
shored clrcuil will have zero DC volts on it. Thus feature makes any
short easy 10 isolale.

The MARK Il sells for only $595%

The money you are now spending for unnecessary
flybacks alone wlll easlly pay for your Mark M. Why
not order yours todayl

Visa and Mastercharge Welcome !

Diehl Engineering = 6661 Canyon Drive “F" + Amarillo, TX 79110
Phone. (B06) 359-0329 or (806) 359-1824
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MARK V

HV CIRCUIT ANALYST

Checks the horiz output stage for opens / shorts,

Checks flyback. yoke, PC, and HV muH,

Checks all scan derived B + sources

Checks for open salety capacitors

Checks lor open ground path for horiz ouiput stage

Checks for open primary LV supply,

Checks lor errcr in inerface conneciions

Checks lor proper LV regulation,

Checks lor proper start up ¢lrcuit operation,

Checks for shorted horiz dniver transistor,

Checks the operation of the horiz osc { driver clreults,

Checks B+ “‘run’ Supply for the horiz osc / driver Circuits,
Checks all clreuits In Ihe TV set that rety on scan derived B +,
Automatically clrcumvents all start up Circuits and horiz drive
related shut down Circuits

I B B EEEEEE BN E

HOOX UP: {Identical to Mark I}

OPERATION: Turn the Mark ¥ on, turn the TV sei on, then, Simply look
al the lights.

RED “HOOK UP" LIGHT means that you have made an error iy hook
up. No damage has been done, correct the problem then continue
RED “EMITTER" LIGHT means that the ground path for horiz output
stage is open. Correct the probiem then continue

RED B + OPEN" LIGHT means that the primary LV supply in the TV
sel §5 open, Correct the problem then continue.

No “top row lights'' equal$ normai

Look at the middle row Of lights

RED “START UP" LIGHT means that the start up Circult in the TV set
5 nol working (no start up pulsey.

GREEN “START UP” LIGHT means the starl up ¢ircuit in the TV setis
worklng normally. Yes, it is 100% accurdte. Even on Zenih's single
puise start up cirCuit |

RED “HORIZ DRIVE™ LIGHT with a green start up light means thal
the horlz driver transisior in the TV &s shorted (E to C)

GREEN HORIZ DRIVE LIGHT means that the horiz osclllatcr and
driver circuils are operational.

READ THE DC VOLTAGE METER THEN,
PUSH THE TEST BUTTON

If the meler comes up to. or, falls back 1o, factory specified OC collec-
tor voltage, the LV regulator circuit is working. Il it fails to do 5o, it is not
working!

RED “B+ RUN" LIGHT means thal the B+ source that nocmalty
keeps the horiz osc { driver Circuits FUnning after the start up B + pulse
has been consumed has become open,

GREEN "B+ RUN" LIGHT means that the B+ resupply vollage
(scan derived) is being provided All is normatif all three lights are now
green

The scan elreult short detector in the Mark V is identical in all ways to
that which i1s used in the Mark Ill. Operation is aiso dentical. Both units
are virlually indestruclatile when simple direclions are toliowed. Both
units carry a full year’s warranty against defects in materials and
workmanship (part$ and labor). Either unil can be easily repaired by
alimost any technician in his own shap

If the green “circuits clear” light is now 11t

It is now sate to push the "run'’ button and examine the $ympioms that
appear on the CRT screen, for the purpose of 1solating any ""open™ cir-
cuits.

Excep! for hook up and CRT fitament warm up time, this 1esl can easily
be compieted in two to five seconds|

The Mark V sells tor only $995%

Stop losing money on start up/shut down scan
derived B + problems; order your Mark V today!

Visa and Mastercharge Welcome !

Dient Engineenng ¢ 6661 Canyon Drve “F** + Amarlllo, TX 79110
Phone (806) 359-03249. or {806) 359-1824
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FIG. 5—AN OP.AMP VOLTAGE FOLLOWER may
be used 1o butter the outpul of the humidity
MONHOr.
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FIG. 6—METERING CIRCUITS for the humidity
monlitor. Usa the circult shown al awith 8100-.A
meder, and the one st b with & 50-p A meter.

put cannot fatl below 60 mV, which come-
sponds 10 6% R!i. So, our monitor can
read no lower than 6% RH.

For best accuricy, the output should be
monitored with a meter having an input
impedance of at least one megohm. Alter-
natively, the output could be buffered to
drive an analog mcter or other low-imped-
ance load. The simple op-amp voltage-
follower eircuit shown in Fig. 5 could be
powered by the same (batiery) supply that
powers the remainder of the circuit. Or
you could, if desired, substitute a pre-
assembled digital LED- or LCD-meter
maodule.

Another alternative would be to use a
100- . A moving-coil meter as an indica-
tor. Since a 100-p.A meter with a full-
scale reading of one wolt has a resistance
of 10K. it could replace R9 in the circuit,
as shown inl Fig. 6-a. But sincc a 100-pA
mcter is slightly difficult o obtain. we
used a 50-p A meter with the voltage di-
vider shown in Fig. 6-b for our prototype.

Current drain
The 78105 low-power voltage regulatdr

adds about 4 mA of cumeni drain to the
circuit, which would otherwise consume
only about 1.5 mA. That 4 mA is the
regulator’s required operating current, so
it can't be climinated {unless you can ob-
tain one of National's new micro-power
voltage regulators). A Zener diode would
not alleviate the current-drain problem.
since it would require even more operat-
ing curment. A Zener diode would also
have poorer regulation, which could af-
lect accuracy. With no voltage regulator at
all, the pulse height from IC3-¢ would
vary wilh batiery voliage, so accuracy
would be affected.

For portable or occasional use. a2 9-volt
battery is the sdeal power source. since
current drain is low. Alternatively, power
could be supplied by an inexpensive wall-
mount transformer with an output of 7.5-
to 12-wolts DC. For permianent outdoor
wnstalliation, mount the power supply in-
side the house. not out in the weather.

Constructlon

Our humidity monitor can be used ina
portable mode both indoors and outdoors.
However, for permanent outdoer installa-
tion move rugged construction techniques
will have to be used. We'll present plans
for both portable and permanent units,
although we’ll stress construction of the
portable unit.

The circuit should be built on a PC
board to minimize stray capacitance that
could affect 1C1's output frequency and
IC2’s pulse width. You can purchase a PC
board from the source listed in the Pans
List. or you can etch and drill your own
using the foil paiterns shown in the “PC
Service™ section of this magazine. It’s not
recommended. but if you assemble the
circuit on perf board, use the kind that has
a solder pad around cvery hole {such as
OK Industry's #A.PC-02 prototyping
board). You may have trouble experiment-
ing with our circuit on a solderless bread-
board because that type of breadboard has
a large amount of distributed capacitance
and a ground plane thar can also affect
circuit operation.

Use only high-quality, low-tem-
perature-cocfficient components to limit
the effects of temperature on the circuit’s
accuracy. Capacitors Cl and C2 should be
polystyrene or polycarbonate types. [t
might be worthwhile experimenting with
a positive-temperature-coefficient capaci-
tor for Cl to offset some of the sensor's
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F1G. 8—YOUR COMPLETED PC BDARD for the
humidity monitor should sppear a3 ahown here.
Interconnecting wires attach 1o the boltom ol
the Hoard.

temperature drift, especially if the
monitor will be used outdoors. The re-
sistors should be metal- or carbon-film
Lypes: carbon composilion resistors
should not be used in our circuit because
their values vary widely with temperature
and humidity.

When you have a suitable board. use
the pans-placement diagram in Fig. 7 and
the photo in Fig. 8 10 mount and soider all
components. Don't use IC sockets since
they can contribute to stray capacitance.
Solder the 3-pin Molex socket to the
board vertically (as shown in the photo) if
YOU want o Mount Your sensor as it is in
our prototype. Also. for proper vertical
¢learance you may find it necessary to use
a small tantalum capacitor for C6. or to
mount that capacitor to the foil side of the
PC board.

After mounting all components. check
your work carcfully, locking for solder
bridges between adjacent pads, pins and
traces. |If the board 1s OK. remove all flux
from it. Be careful to kecp any solvent—
particularly acetone—away from the sen-
sor. Use isopropyl alcohol to remove fin-
ger oils, and avoid touching cleaned
surfaces.

Use a pair of clipped-off resistor leads
wextend the lengths of the sensor's leads.
Carefully solder the wires to the sensor.
and make sure you don’t damage the sen-
sor from too much heat! Then clip the
leads to an overall length of Y4 inch. They
will project through the case and into the
Molex sockei after final assembly.

Now let’s turn to mechanical con-
struction, First we'll discuss the portable
unit. Drill 2 mounting hole in cach cormer

-®
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FIG. 7—PARTS:-PLACEMENT DIAGRAM reveals she compact size of the humidity manitor.
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of the board. and use those holes to mark
the locations of the screw holes in the
case. Also. drill four holes for the sensor:
two for the leads, and two for the mount-
ing 1abs. Use an eighth-inch bit (or larger)
for the sensor leads to minimize capaci-
live coupling to the case, as well as to
eliminate the possibility of a shont. Allow
for a lile offset in the position of the
sensor due to the construction of the Mo-
lex socket.

The meter used in our prototype has a
resistance of aboutl 2K, so we added an
I8K resistor in series with the meter o
give il a tota!l resistance of 20K. Then R9
was changed to a 20K resistor, so that the
combination of RY, the meter, and R0
would be 10K. Thal combination gives the
meter a full-scalc range of one wvolt.

If you use a 100 pA incler, pad its
resistance to 10K, if necessary. Then re-
move R9, and use the meter in place of
that resistor. If you decide (o use a digital
meter. you ¢an feave R9 at 10K, since
most digital meters have at least 10
megohms input impedance. and the paral-
lel combinution of R9 and the DVM will
not affect accuracy.

Mounting the sensor at the “rear” of
the case might reduce the sensor’s ability
to respond ta current humidity conditions,
especially if the monitor is pushed back
on a shelf. However, mounting the sensor
in thut way reduces the possibility that it
will be damaged. But feel free to experi-
ment with your own case and mounting
methods. We bent a Yi-inch piece of thin
steel strapping into a “U™ shape with
legs. Holes were drilled through the legs
ard through (he case on either side of the
sensor. Then the U™ was bolted to those
holes to prevent mechanical damage to the
SEnsor.

Finish assembling the case by installing
the power swilch, batiery holder, and four
Va-inch standofTs for the PC board. If nec-
essary, carefully remove the face plate of
1he meter and use rub-cn letters to re-labet
the meter’s scale. Assuming you're using
a S50-pA meter, wire the case-mounted
components as shown in Fig. 9. If you're
using a differemt metering circuit, sub-
stitute the appropriate resistive network.
Loose wires and components can move
around and cause the outputs of ICI and
1C2 to vary, s eount all components se-
curely, and keep all leads short.

GNDOF— _

HUMIDITY DUTO——

BOARO +\"lu0 thl +M|
GNDo- 18K 50,4

Vo
Ir--— l']

FIG. 9—IF YOU USE A 50-uA METER with the
humidity monilor. It should be wlred as shown
here.

To complete assembly of the portable
unit, mount the board to the case. Then
insert the sensor’s leads through the case
and mount the sensor to the case with two
sheet metal screws. Be cureful not to
crack the sensor by over-tightening those
SCrEWS.

Building the outdoor monitor

For permanent cutdoor use, the sensor
must be covered to protect it from direct
rain and sunlight. A small louvered or
screened box about ten inches on a side
should work. Just make sure that air can
circulate freely through the enclosure to
reach the sensor. Also. awid placing the
assemibly im vegetuation, near a sprinkler,
or in any other location that might end to
exaggerate the actual humidity. A hun-
dred feet of 22-gauge wire between a re-
motely-mounted sensor and an indoor
power supply and display meter should
not affect accuracy.

To instail the monitor outdoors perma-
nently, the circuit will have to be mounted
in a watertight enclosure., We'll discuss
how (o do that using the Keystone en-
¢losure specified in the Parts List.

First, trim the PC board 1o fit the case.
Then cut four two-inch lengths of 18-
gauge wire and insert them into the holes
at the end of the board. Bend the leads so
that at least Ya-inch of the wire lies flat
against the copper foil, and then solder the
leads. The Y-ineh of contact helps
strengthen the support for the board. Shide
the free ends of the wires into the octal
base of the case. Carefully bend the leads
50 that the end of the PC board rests
against the base. Then ¢lip the leads flush
with the end of the plug’s pins, and solder
the wires inside the hollow pins. The octal
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HOLE FOR
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02 NS =
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FIG. 10—QUTDOOR INSTALLATION of the hu-
midily monlicr requires & walertighl case; drlll
holes for Ihe sensor 88 shown here.

plug won’t fit into its socket if solder leaks
through to the outside of the pins, so be
carcful.

Refer to Fig. 10 to drill the mounting
holes for the sensor in the top of the case.
and to Fig. |1 to drill the holes in the side
of the case that allow access lo trimmer

WwWww americanradiohistorv comm

SENSOR
a— |ROTE ORIENTATION
YO CENTER LINEL

f w

[ — 10"
INIULL—.“'L

f === — 20"
] SPAN %—‘—’—

SIDE VIEW

FIG. 11—TWO HOLES MUST BE DRILLED in the
#ide of the walerproof case 10 aliow final calibra-
tion.

potentiometers R2 and R6. Those holes
must be located precisely as shown 1o
allow proper assembly and adjustment. If
you use a small metal punch for the access
holes in the side, you may be able to re-
insent the punched-out pieces in the holes
after calibration; otherwise fill the holes
with epoxy. or cover them with electrical
tape.

Bend the leads of the Molex connector
90 degrees before mounting i1 (lush
against the PC board. Then solder a scrap
of wire across the socket to hold it in place
firmiy; two holes have been provided in
the PC board for that support wire. The
sensor’s leads will have to be extendedtoa
length of % inch.

To complete assembly. attach the sen-
sor (o the case with two sheet metal
screws. A thin rubber gasket placed be-
tween the sensor and the case will provide
additional weatherproofing. Carcfully in-
sert the board and the base assembly into
the case so that the Molex connector
mates with the sensor’s extensions. Use
four screws o hold the case and the octal
base together. The two holes in the side of
the case should line up with R2 and R6 so
that those potentiometers can be adjusted
easily with a small screwdriver.

Final check-out

The check-out is the same fer both the
portable and the permanent versions of
our humidity monitor. Before powering
up, carcfully check the board once more
to make sure that all components have
been installed correctly, and that there are
no solder bridges between traces, cic.
Then plug the sensor into its socket and
apply power. You should be able to mea-
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sure some voltage across R9 (in other
words, MI, if installed, should deflect):
that voltage should rise if you breathe on
the sensor. r

If you get no output. re-check your
work, and verify that supply voltage (five
volts) appears at pin 8 of [CI, pin8of IC2.
and at pin 14 of IC3. If that voliage is
present, use an oscilloscope to verify the
presence of the waveforms shown in Fig.
4. After the board is debugged, allow it to
cool down from the heat of soldering be-
fore doing the final calibration. Also, iso-
late the sensor from hand and breath
moisture unttl it stabilizes to ambient hu-
midity—about 5 minutes should do it

Calibration

For the first step of calibration we’ll
assume that the sensor’s outpuy exactly
matches the curve shown in Fig. 2. Dotng
that allows us to substitute 1% silver-mica
capacitors for the sensor. Insert a 115-pF
capacitor into the sensor’s sochet and ad-
just R2 for a reading of 6% RH (60 mV).
Then repiace that capacitor with a 160-pF
unit and adjust R6 for a reading of 100%
RH (1.00 volt),

After assembling the case, you will
need to re-adjust R2 so that the output
agrees with a secondary humidity stan-
dard. That adjustment alters IC1’s pulse-
width to correspond to the sensor you're
using. Remember. the Philips sensors
have a tolerance of *=15% at 43% RH.
This means that. although there will still
be a 45-pF change in capacitance over the
entire 0~100% range of RH, the high and
and low values may be shifted above or
below the nominal values. It is R2 1hat
provides compensation for that shift.

Absolute calibratlon standards

Finding & humidity standard can be dif-
ficult. but here are a few ideas that may be
useful. The most common method of
measuring humidity accurately is with a
sling psychrometer. You may be able to
bormow one from a science or chemiskry
lab ar a local high-school or college. The
sling psychrometer has both dry- and wet-
bulb thermometers. The wet-bulb unit has
a wick on its bulb that is moistened with
distilled water. When the psychrometer is
whirled in a circle. the evaporation of the
wick cools the thermometer's bulb. The
amouni it ¢ools depends on the amount of
water that evaporates, and that is governed
by the amount of moisture in the air—the
relative humidity.

The dry-bulb thermometer is unaffected
by that procedure since it's not moistened.
it simply indicates the temperature of the
ambient air. With every psychrometer
comes a chart that allows you to determine
RH from the readings on the two ther-
mometers.

The accuracy of the sling psychrometer
method depends on the accuracy of the
two thermometers. the accuracy with

TABLE 2—SATURATED SALT SOLUTIONS

Salt

Lithium Chionde Monohydrate
Magnesium Chicride Hexahydrate
Magneswum Nirate

Sodium Chionde

Potassium Chioride

Potassium Sulphate

which they're read. the cleaniiness of the
wick and the water, and also upon a suffi-
cient Quantity of air blowing across the
wick. Small sling psychrometers with one
degree increments and short ther-
momeiers have an accuracy of only 10%,
OF Worse,

Sawrated salt solutions offer better ac-
curacy, but they are more difficult to use
because the sensor has to be placed as
close as possible to the solution without
touching it, and the calibration process
must occur inside an airtight conrainet.
That can make circuit adjustment awk-
ward. Anyway. the solution maintains an
equilibrium of humidity within the sealed
container as long as thar solution remains
saturated. Both salt and water must be
pure for best accuracy. We list some com-
monly-used solutions, and the humidities
you can obtain with them, in Table 2.

Caution: Those solutfons are poi-
sonous, $0 handle and store them with
care. and kecp them out of the reach of
children and pets. If you use the lithium
chloride solwiion, don’t allow it to fall
below a temperature of 18°C (64°F), since
the humdity reference of the solution will
be permanently altered. Whichever salt
you use, stir in crystals a little bit at a time
untf] precipitates begin collecting on the
bottom of your container. When you're
sure no more salt will dissolve. put the
solution and your circuit board in an air-
iight container, and adjust R2 so that the
meter agrees with the value in Table 2.

One problem with the above calibration
procedure should be obvious—how does
one make the adjustments while the board
is within the air-tight container? There are
two possibilities. One is to make the ad-
justment outside the container, then place
the board inside to see the result. Repeat
as needed until the meter reading agrees
with the value in Table 2. A more sensible
solution would be to mount only the sen-
sor in the container so that R2 can be
adjusted from outside.

If those methods of calibration are im-
practical for you. you might try tuning in a
local weather broadcast on radioor TV, or
you could call the Narional Weather Ser-
vice in your area. To do the final calibra-
tion. whatever standard you have chosen,
apply power and then adjust R2 so that the
value indicated by the meter agreés with
your standard. Construction is now com-
plete.
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% RH @ 68°F % RH @ 77TF
11.3 11.2
331 328
54.4 52.9
755 75.3
85.1 84.3
97.6 97.3

Final thoughts

Whether or not you actually built our
humidity monitor. we hope you leamed
something about what humidity is and
about ways of measuring it. Like many
subjects, there is a preat deal more that
could be said about humidity. we encour-
age youl to do some investigaling on your
own. [n a similar vein, our ¢ircuit was not
intended to be used as the basis of a preci-
sion instrument, but we hope you'll find it
fun 10 build as well as useful.

As vou know. indoor humidity drops
drastically in the winter. The reason is that
cold. dry outside air is further dricd by
most indoor heating systems. (To be more
accurate. hot air can hold more moisture
than ¢oo] air. so the RH drops as the tem-
perature rises. You may find it interesting
to know that office buildings are often
built these days with humidity controllers
in addition to the systems that control
their heating, vemilation. and air-con-
ditioning (HVAC) systems.

You can use our humidity monitor to
help maintain humidity levels at your
home or office at a comfortable (and safe!)
level. Humidity control can help prevent
respiratory problems. and it can prolong
the life of valuable paintings. books. and
clectronic devices.

For indoor use. avoid placing the hu-
midity monitor near air-conditioning or
heating vents: also, keep the monitor far
away from any large potted plants since
they can affect accuracy. For desktop use,
keep the sensor away from a hot work-
light, as heat can also affect the humidity
reading.

An RH of less than 20% can easily
occur during the winter. And with such
low humidity. a large quantity of static
clectricity can build up, since the con-
ductive moisture usually present in the air
1sn’t available to provide a discharge path
for that energy.

Making sparks fly by touching your
spouse’s nose or a metal surface may be
fun. but doing that to your computer (or
just about any clectronic device) could
prove farai for the machine. Similarly,
you're much more likely to damage
CMOS and other componeénts while
building projects like our humidity
monitor. So. an RH of about 50% is low
enough for you to be comfortable. and
high enough for your electronics to be
safe. R-E
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MICHAEL F. VICLETTE

P t 3 ELECTROMAGNETIC IN-
a r erference (EMI) can
couple inte your sensitive equipment in
two ways. One of those is via radiation.
Last time, we saw some of the techniques
that can be used 1o eliminate that coupling
path.

The second way is through conduction.
This month. we’ll turn our attention o
conducted interference and sce the vari-
ous ways that we can combat its harmful
effects.

As we saw in Part 1 of this article (sec
the November 1985 issue of Radio-Elec-
tronics), there are (wo forms of conducted
interference. In differential-mode inter-
ference, the Interfering signal appears
actoss two conductors, such as a pair of
single lines or the hot and neutral sides of
a power line. In common-mode inter-
ference, the interfering signal appears on
borth conductors, with the reference being
a thind point (such as a chassis ground). In
common-mode interference, the interfer
ing signals on the two conductors may not

e
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Electromagnetic
Interference

This month, we show you how to head off interference

before it enters your electronic equipment.
We look at how to deal with power-line transients, too!

be of equal ampliwde, but they are in
phase.

There are a couple of ways to deal with
conducted EMI. One way is to carefully
plan out and design any interconneciing
cabling. Often, however, you have no con-
trol over such cabling (such as in the case
of power or lelephone lines). In those
cascs. the only alternative is to install a
filler between the line and the equipment.

Cable design

Cables can act like pickup and receiv-
ing antennas. When a cable is acting like a
pickup antenna, a radiated F. M1 signal is
converted into 3 conducted EMI signal,
which travels on the wires in the cable,
through shields, and right into your cir-
cuitry. Or. conducted noise (from the
commutator in the biower motor of a hair
dryer, for instance) finds its way onto the
power cord, travels over the AC wiring,
and then into the victim's” circuitry
through its power cord. Either way. the
result 1s interference.

WWWW.americanradiohistorv.comm

Your projects can either radiate or pick-
up EMI, or they can do both. In this & -
stallment, we will see how 10 deal w
radiation of EMI, but the techniques di.-
cussed are also effective against EMI
pickup in the vast majority of inslances.

Last time. we saw that antennas ¢an be
classified by their impedance; of interest
here are the low-impedance types. Let's
see why.

In many circuits, the operating voltages
are relatively low. often ranging between 5
and 24 volts: the impedance of the source
of that voltage, the power supply, is gener-
ally low. To get an efficient radiator when
the EMI antenna is being driven by a low
impedance vollage source, the “antenna”
must have a relatively low impedance.
One type of low-impedance antenna is a
simple wire loop. In a circuit or & project,
that loop can take many forms. For in-
stance, any loop of wire, such as the
power feed and retum to a disk drive, or
the power supply and ground traces on a
PC board can become a sarprisingly effi-
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cient radiator. Loops can also be formed
by any signal-carmying conductors such as
the data or clock lings.

Just how much energy is put out by
those unintentional antennas? The radi-
ated field strength of a loop is proportional
to the product of the current in the loop,
the frequeney of the signal carried by the
loop. and the area of the loop. All three
vatiables play a role in determining how
much energy is output. The current in the
loop determines how much encrgy is
available to drive the radiator. The arca of
the loop. and the frequency of the signal
that is driving it, determine the efficiency
of the radiator. Generally speaking. the
greater the area of the loop and/or the
frequency of the drivang signal. the great-
er the efficiency of the radiator. The same
is true of a “‘receiving antenna”—the
larger the arca of the loop and the greater
the frequency of the received signal. the
more cfficient the pickup.

Obviously, the current and frequency
are determined by the parameters of the
circuit; that means that, in the majority of
the cases, their values can not be reduced
{or changed in any manner) without af-
fecting the correct operation of the circuit.
The arca of the loop. however. is an en-
tirely different matter,

That leads us (o one of the most impor-
tant rules for reducing EMI: When de-
signing or laying out cable runs and
printed-circuit board traces, keep the arca
of any potential loops small. Consider the
simple circuit shown in Fig. 1. It consists
of a signal source, a load, and a ground.
The area of the toop is formed by the
product of the physical distance separat-
ing the source and the load (L). and the
physical distance separating the “signal”
and "retumn" {grounded) leads (H).

L i |
I 1
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FIG. 1—THE AMOUNT OF INTERFERENCE that
a chrcliit can pick up or cause is largely deter-
mined by the phyalcsl size of the loop that it
1orms.

The circuit shown can be realized in a
number of ways. For instance, the source
could be the output of one gate while the
load could be 1he inpul of a second gate.
The retuen line covld be a common bus or
the chassis ground of the project. But no
matier what form the circuit takes, under
the right circumstances. the whole thing
can become a large radiating loop.

The way to minimizing the radiation
output by such a loop is to reduce the
distance between the source and the load,

run the signal and retum Icads as close
together as possible, or both. For in-
stance. by running a dedicated rewum line
alongside the the signal line, raher than
having the return current flow through the
chassis ground. the loop area is reduced
significantly. With dedicated signal/return
cabling. H is effectively neduced 1o the
thickness of the insulation surrounding
the 1wo wires. That solution works. and it
is much cheaper than using a shiclded
cable.

When dealing with differcntial-mode
cureents, using twisted-wire pairs for the
signal line and the return can funher help
reduce interference. Twisting the wire
pair significantly reduces the overall area
of the loop. Each twist of the wires does
form a small radiating loop, but the twist-
ing causes the loops to be polarized in
opposite directions. The result is that the
radiation from one loop cancels out the
radiation from the adjacent loop. The
tighter the twisting the better the cancella-
tion.

The foregoing assumes that the currents
in the two lines of a twisted pair are bal-
anced—ihat is. that they are equal in am-
plitude. The closer the lines are to being
balanced. the better the reduction of dif-
ferential-mode radiation and pickup.

Balancing aiso helps the circuit to re-
ject the effects of common-mode cur-
rents. Let’s assume that we are dealing
with two lines feeding two inputs on an
unbalanced receiver (a logic gate, etc.).
Funher, let’s assume that the common-
mode currents traveling in those lines are
equal. Here, unbalanced means that the
impedanees, "looking™ into the receiver,
from all lines to ground are unequal. The
result is that when the equal common-
mode currents encounter the unequal im-
pedances, unequal voltages are generated
at the inputs. Those unequal voltages
stimulate the inputs to the receiver, just as
a normal signal is supposed 0. and an
undesined output signal can result.

That is a common problem. In fact [C
op-amps have a parameter called the
Common Mode Rejection Ratio
(CMRR). That parameter is a measure of
how well the op-amp can reject the effects
of a common-mode input. The inter-
ference caused by common-mode cur-
rents is the reason that balanced line
drivers/receivers are used in many cases
for long signal-cable runs.

Crosstalk

Crosstalk is caused by the mutwal in-
ductance and parasitic capacitance that
exists between any two conductors (see
Fig. 2). One common example of
crosstalk is the phantom conversations
that are often overheard when you speak
on the telephone.

Though the parasitic capacitance and
mutual inductance are shown lumped in
Fig. 2, those quantities are distributed
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FIG. 2—TWO PARALLEL LINES are electromag-
netically coupled because of the mutual Indue-
tance and parastic capacitance that exists
between them. Thal coupling is what causes the
phenemenon known as crosstalic

along the length of the lines. Although
there are no physical connections between
the lines, the electrical coupling provided
by the parasitic capacitance and parasitic
inductance provides a path for the current
in one wire to “enter” the other. At low
frequencies, mutual inductance is the pri-
mary coupling mechanism; as the fre-
quency gets higher, parasitic capacitance
becomes the primary mechanism,

The closer the cables are together and
the longer the paralle]l runs between the
two cables, the greater the coupling. Be-
cause of that, the obvious and most inex-
pensive way lo reduce crosstalk is to
physically separate conductors that are
likely to interfere with each other. Move
conductors carrying high voliages (such
as AC power cords) away from ones carry-
ing low woltages (such as signal lines). In
addition. keep input and output cables
isolated from the wiring inside the equip-
ment box. In addition, keep any parallel
runs between conductors as short as possi-
ble. One way to do that is to make exten-
sive use of twisted-wire pairs. Note that
lines that cross at 90° angles have almost
no mutual inductance and negligible para-
sitic capacitance (a couple of picofarads).

Shlelded cable deslgn

Using twisted-wire pairs is an effective
method of reducing differential-mode in-
terference. To combat common-mode in-
terference, shielded cable is more
effective. To combat both types of inter
ference, shiclded cables are often made of
twisted-wire pairs. In very noisy environ-
ments, “double-shielded® cables. in
which the individual twisted pairs are also
shielded, are used.

The effectiveness of the shielding de-
pends on the nature of its ground. Or.
more specifically. whether one end or
both ends should be grounded. When
dealing with low frequencies, it is usually
sufficient to ground the shield at one end
only (usually the receiving end). [n addi-
tion, grounding the shield at both ends
can cause a ground loop to be formed. By
low frequency we mean that the shield is
electrically short when compared with the
wavelength of the EMI signal (i.c., the
shicld is shorter than approximately ¥ of
a wawvelength). Under that condition,
every point on the shicld can be consid-
ered to be at ground potential. At higher
frequencies, however, both ends must be
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grounded. That grounding should be
made directly to the chassis ground, and
at the point where the cable enters the
circuit enclosure.

The wide usage of flat ribbon cables in
many types of circuits merits special con-
sideration. When using ribbon cables.
and when the eircuit is especially sen-
sitive 1o pickup of radiation {or when the
circuit could potentially radiate). a return
or ground conductor should be placed be-

> GRDUNDS

SIGNAL CONDUCTORS

FIG. 3—TQ ELIMINATE CROSSTALK problems
In ribbon cable, alternate conduciors should be
grounded.

L

——
e ————
————
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FIG. 4—A SINGLE CAPACITOR, Instsli§d aa
shown, can ba used to filter oul ditferentlal.
mode interference. To handle common-mode in-

terference, the capacitor should be Installed be-
tween each line and ground.

tween each signal line {see Fig. 3).

Often, that is not done. It is common
for a flat ribbon cable to have 25 or more
conductors, only one of which is a
ground. That can lead te high capacitance
between signal conductors, resulting in
crosstalk problems. The presence of a
ground or return line between cach signal
line will *shicid™ the signal lines from
each other.

Finally, if you want to be totally free
from EMI radiation or pickup from cab-
ling, use fiber optics. Made of glass or
plastic fibers, such cables neither radiate
nort pick up electromagnetic energy. They
are coming into wide use in applications
where long runs of data cables operate in
noisy environments. Telephone compa-
nies, for instance, are now making exten-
sive use of fiber-optic cables.

Fliters

Even with good cable design and
layout, sometimes a filer is needed to
reduce conducted EMI. A filter is a eircuit
that allows certain frequencies to pass un-
impeded, but blocks others. Depending
on its design, a filter can allow only sig-
nals below a cut-off frequency o pass
(lowpass filter), only signals above a cut-
off frequency to pass Chighpass filter), or
pass or block signals within a given range
or band (bandpass or notch filters, respec-
tively).

A simple filter, consisting of hut a sin-

FIG. s—THIS FILTER NETWORK I8 afisctive
againet both difterentinl.mode and common-
mode interference.

gle capacitor, is shown in Fig. 4. At high
frequencies, the capacitor looks like 3
very low impedance to ground. As z re-
sult, any high-frequency signals are short-
ed to ground. At low frequencies, the
capacltor is a high impedance, and the
signals are unaffected. Thus, the capaci-
tor is acting like a low pass filter. Capaci-
tors are used in that way in a pumber of
applications, such as across the terminals
of automotive alternators. electric
motors, and on printed-circuit beards (de-
coupling capacilors),

To use any filter effectively. including
the simple capacitor filier, you need to
know the nature of the EMI vou are deal-
ing with. That's because a filter designed
to eliminate common-mode EMI will be
largely ineffective against differential-
mode interference, and vice-versa.

Let’s look at a familiar and common
source of EMI and sce what kind of inter-
ference it creates. An eleclric razor is onc
such source. Because the electric motor in
the razor is connected between the hot and
neutral sides of the power line, the con-
ducted interference it generates is dif-
ferential mode. That is, the EMI voltage
appears between the hot and neutral lines.
On the other hand, when an overhead
power line acls as a reCeiving antenna,
coupling a broadcast radio signal to the
AC power line, for instance, the EMI sig-
nal that results is common mode.

To filter differential-mode fnterference,
the capacitor must be installed between
the hot and neutral lines. For commeon-
mode interference, capacitors must be in-
stalled between each line and ground.

If the interference is both common- and
differential-mode, and‘or is made up of a
variety of frequencies, a more complex
filter network is required. Such filter net-
works are made up of capacitors, induc-
tors, or both. One popular design is
shown in Fig. 5. That filter is effective
against both common-mode and differen-
tial-mode interference. It is installed at
the point where the power cord enters the
equipment’s enclosure.

The transformer in that grcuit, TI, is a
common-mode choke. As its name im-
plies, its purpose is to block eommon-
mode signals. The transformer is built in
such a way that the flux generated by the
common-moede signals in one winding
opposes the flux generated by the eom-
mon-mode signals in the other winding,
That resulls in a high impedance to com-
mon mode signals. but differential-mode
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signals arc not affected. That deficiency is
taken care of by the series inductors, LI
and L2; those coils present a high imped-
ance to the high-frequency differential-
mode signals. The function of the capaci-
tors in the circuit is to shunt differential-
and comman-mode signals to ground, as
previously discussed.

If your interference problem is not se-
vere, or if the victim cifcuit is not overly
sensitive to EMI, you can build a circuit
like the one shown in Fig. 6. In that ¢ir-
cuit, or in any filter circuit, keep the ca-
pacitor leads as short as possible. A
capacitor with long leads starts (0 behave
like an inducter as the frequency goes up.
Also, use a low-impedance ground con-
nection (the **ground” connection of a

T0
EQUIPMENT
I_H
HOT 1
2 ::R'I
v ~ 001 ¥ 1MEG
LINE 047
& <R =
001 ¥ LMEG
NEUTRAL

FIG. 6—iF THE EQUIPMENT Is not overly sen-
ailtive to EMI, or the EMI sliuation la not severe.
here's & practical clrcuit that will cure the grob-
lem

three-wine power cord is suitable).

One common problem is the unwanted
reception of AM radio stations or CB ra-
dios by tape decks, audio amplifiers. etc.
That type of interference problem occurs
when & radio signal is picked up by power
or signal cables and causes a common-
mode current to flow into the electronics.
That type of problem can often be cured
by placing a piece of ferrite around the
cable as shown in Fig. 7. The effcct
caused by doing that is similar to the one
caused by installing a common-mode
choke. Thatis aquick and easy solution as
it entails no soldering—just unplug the

FIG. 7—PLACING A PIECE OF FERRITE around
a cabis Is one almple way to aliminate some
typea of common.-mode EMI.
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cable and install the ferrite. (It must be
mentioned that that solution will do
nothing if the inerferenee is differential
made.)

Interference is filtered from signal lines
in much the same way, assuming that the
interference signal differs in frequency
range from the intended signal. But if the
EMI is in the same frequency range as the
desired signal. there is little that you can
do t0 reduce the condueled interference
with filters. In those cases, the inter-
fercnce must be prevented from getting
into the cables by using proper cable de-
sign and shielding.

Filter installation

The imponant thing to enember when
installing either a commercial filter or a
home-made one is lo isolate the unfiliered
lines from the filtered ones. In camying
out such instaliauon, keep the following
pointers in mind:

Install the filter at the entrance of the
power cord 1o the equipment box; do not
allow the AC line cord to penetrate the
equipment enclosure. Keep the ground
leads from the filter as shon as possible.
For best results, mount the filter ona met-
al surface (aluminum foil will do) so that
the input connection is made through that
metal surface; the surface is then con-
nected to the the ground wire of the equip-
ment's AC power cord.

Transient suppression

Anyonc who has ever lost a baieh of
data or has scen his program *crash”
when the lights dimmed knows the frus-
tration that power-line transients can
cause. Severe transients are capable of
causing damage to electronie deviees, es-
pecially members of the wvery senmsitive
MOS logic families. The most common
types of transicnis on the power lines are
as follows: sags {the power line vollage
drops below the normal value for a shon
peniod of tirne); surges (the line voltage
rises above the normal value for a shon
period of time): dropouts (the line voltage
drops to zero for a shon period of time):
impulses (fast-acting conducted spikes of
positive or negative polarity that are su-
perimposed on the normal line voltage),
and frequency changes (when the fre-
quency of the line voltage deviates from
60 Hz).

The duration of 1hose types of distur-
bances, especially the first three, is usu-
ally very shon, typically lasting for only a
few eycles (at 60 Hz, the period of a cycle
is approximately 16.7 milliseconds). They
have a variety of causes. Some of those
include lighting. stanting and stopping of
heavy machinery. and momentary line
faults {shon circuits to ground) in the
power distribution system. Long term dis-
wurbances usually take the form of black-
outs or brownouts.

For protection against the long-term

disturbances, the only recourse is some
type of uninterruptible power supply.
Those devices contain storage batieries
and sensing circuits that switch the load to
the batteries when the line voltage falls
below a cenain value.

There are, however. many ways to pro-
tect your equipment from the effects of
shon-term translents. The first step is to
recognize that transiénts can have twe
very different sets of characteristics. That
is, transients can be unidireetional or os-
cillatory. An oscillalory transient has a
fast rise-time and 1hen becomes a decay-
ing sinusoid, oscillating at some frequen-
¢y until it damps out. The unidirectional
wave has a very short rise-time and a com-
paratively long fall-time. Once the tran-
sienl drops (o zero, it shows no
osciltation. Of the two, oscillatory tran-
sients are more commonly encountered.

Transients are capable of doing quite a
bit of damage: impulse and surge vollages
as high as 6000, and currents as high as
200 amperes have been observed. To pre-
vent damage from occurring, the energy
must be diverted before it enters sensitive
clectronics equipment. Power-line EMI
fillers will help to reduce some of the
transient energy, but the amplitude of
some transients can overwhelm the filters
and cause damage. A device especially
designed for iransient suppression is
needed.

There are a variety of devices that are
useful in protecting your equipment from
high-energy transients. Many of those are
available commercially; you simply buy
them and install them between the AC
oullet and your equipment. They are gen-
erally satisfactory for most applications,
if they are instalied properly and if a good
ground is used.

It is also possible to design and build an
effective “home-brew” suppressor. The
key components for such a device—gas
tubes, varistors. and Silicon Avalanche
Suppressors (SAS)—are readily avail-
able.

Basically, gas tubes consist of a pair of
clectrodes that are encased in a non-con-

ELECTRODES
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FIG®—A CROSS5-SECTION of a gas lube Is
Bhown in a; s schemstic symbol is Bhown in b.
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ductive (usually glass) envelope that con-
1ains an inert gas. See Fig. 8-g. the
schematic symbol for the gas tube is
shown in Fig. 8-5. One of the electrodes is
connected to the hot line of the AC power
cord, and the other is either grounded or
connected 10 the neutral line. Normally,
the presence of a gas wube in the line has
no effect, but when a high-energy tran-
sient occurs, there is arcing between the
two electrodes. That arcing is the dissipa-
tion of the transient energy. Lightning ar-
restors. installed on the utility compani¢s
lines. are usually made up of very large
gas tubes.

Varistor is short for VARIable re-
siSTOR, which essentially describes the
action of that device. Varistors have a high
resistance at low voltages, but as the volt-
age increases, the resistance greatly de-
creases. In the low resistance state, the
vanstor is capable of handling a large in-
crease of curment without a large increase
in voltage. Thus, the voltage on the line is
“clamped.” Varistors are inherently bi-
polar devices.

The level of the ¢lamping voltage de-
pends on the type of varistor and the ener-
gy rating of the device. The varnistor, if not
propesly chosen. can be over-stressed. re-
sulting in damage to the varistor and a
lack of protection for your equipment.
However, varistors are available in vanious
ratings that can be matched to the job at
hand. In addition, varistors react very
quickly to transients,

SAS devices are most suitable for use
on signal lines, low voltage lines. tele-
phone lines. and at the circust-board level.
SAS’s. which are very fast-acting devices,
are essentially large area p-n junctions or
“beefy"” diodes. The device's charac-
lerstic curve resembles that of a Zener

T0 T0
LINE ’K' LOAD
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FIG. 9—A HYBRID transleni-suppressor Clrcui
allows yOu 10 combing (ha advaniages of 1w or
more typea of suppressor devices.

diode, but they can handle much more
energy. Bath bipolar and unipolar devices
are available.

It is possible to combine the above de-
vices into a hybrid suppression network.
Such hybrid networks are useful because
the designer ean combine the advantages
of two or more suppressor components,
such as the energy-handling capability of
a gas tube with the speed of an SAS. Such
a hybrid network is shown iu Figure 9.
The isolating impedance is included in the
network to limii the transient current into
the SAS: it also causes the vollage 1o build
up high enough o trigger the gas tube.

continwed on page 114
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THIS sIN1-MUSIC SYNTHESIZER 15 NGT TOO
complex. but it is a load of fun to build
and use. The ingenious little unit samples
and holds the frequency of a signal from a
microphone or other sound source and
outpuls that signal as a single note. The
input *signal™ can be & whistle, hum. or
some other sound. The duration and am-
plitude of the note can be controlled. The
frequency of the note can be halved or
doubled with a flick of a swilch. A vibrato
effect can also be applied via a variable
tremolo ¢ontrol. To add to all of that, two
channels arc available to give chorus or
stereo effects. Each of those channels has
4 separate volume control.

The signal source is derived from a low-
Lo medivm-impedance microphone. That
microphone can be almost any dynamic
or electret type. The types used with low-
cosl cassette recorders will work well.

The synthesizers oulpul is connected
to an external amplifier of some type. A
home-stereo system would be suitable;
feed the signal 1o the auxiliary or tuner
input. A PA amplifier could also be used.

How it works

The schematic of the synthesizer is
shown in Fig. 1. As you can sce there. its
input section is basically a microphone
amplifier and signal shaper with three
stages. Twin Voltage Controlled Os-
cillators (VCO's) each with a Voltage

Adapted from a progect 1hat @nginally appeaned ;'I_
Dick Smith's Funways info Electronics, wolume
three.

Turn your voice into a versatile musical

“instrument” with this fun-to-build mini music synthesizer.

Controlled Amplifier (VCA) output stage
make up the main section. The remaining
circuitry is a simple, adjustable low-fre-
quency oscillator that's used as a tremolo-
effects generalor.

The first stage of the input section is
made up of ICl-a and ils associated Cir-
cuitry. That stage has 8 gain of about 100
at 1 kHz. The op-amp circuit used in that
slage is very hasic. Note, however the
presence of the capacitor in the feedback
loop. That capacitor causes a roll-off in
gain as the inpul frequency increases. The
output of the amplifier is AC coupled 10
the next stage by C7.

The second siage consists of IC1-b and
its associaled circuitry. Thal stage has a
gain of about 20. Like the previous stage,
the high frequeney response is lirnited by
a capacitor in the feedback loop. That re-
sponse tailoring has been done (o reduce
the normatly rich harmonic content of the
human voice; the only signal we want 1o
process is the fundamenial note. The har-
monics are low in amplitude and can be
partially rejected by the simple approach
used in that circuil.

The last stage of the inpul section is the
most significant and needs some explana-
tion. The op-amp there, IC1, is config-
ured as @ Schmilt trigger with offset. The
hysteresis componcnts are R22 and R2].
Normally a Schmitt trigger is bistable,
and in the quiescent state the output would
be either positive or negative depending
on the last signal transition. The dif-
ference in this case is that the offset volt-
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age al Lhe invening input is greater than
the hysteresis vollage at the noninverting
input; resistors R20 and R39 establish that
offsel, The purpose of the offset is to as-
sure that the output at pin 8 of IC] is
always low {negative} when no signal is
present. The output will only switch when
the input exceeds the sum of the hysleresis
and offset voliages. The circuit acts as a
gating system to the following phase-
locked loop circutts.

The Schrmitt trigger is the second stage
of the processing that rejects the harmon-
ics and noise in the input signal from the
microphone. The input level, set by R4,
is adjusted by turming (hat control until
reliable response is achicved from a nor-
mal-level input (such as a singing voice).
It is not adjusted farther than that mini-
mum amount. In that way, the Schmiut
trigger will tend to switch only on’ the
peaks of the fundamental. The levels of
the harmonics and noise content of the
signal are below the threshold switching
points and will be rejected. The purer the
voice o note. the more reliable the circuit
action, A “gravelly™ or “rough” voice
thus will 1end to prove unrelfable as a
signal source. The best results will be
from a whistle, because that produces a
note that is relatively free from harmonics
of any amplitude.

From the outpul of ICl1-¢. the signal is
split and fed to both the right and left
channels. Since the circuitry in the two
channcls is identical, we will look at only
one of those: channel 1,
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FIG. 1—SCHEMATIC DIAGRAM of the minl synihesizer. The potentiometers can ba either panel.
mounted or PC-mounted.
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FIG. 2—THE LOCATIONS OF ALL PC-board mounted components are Shown hare. To disconnect the
microphone input stage. cut the trace batween the pads marked with an asterisk.
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From the Schmitt trigger, the signal is
passed to 1C2, 2 4046 CMOS Phase fock-
ed Loop (PLL). That IC consisis of two
separale circuits. One is a VCO that runs
from subaudio to over | MHz. The other is
a dual-oumput phase comparator. By
adding just a few external componcents. a
complete PLL can be formed. (For more
information on the 4046, see the man-
ufacturer’s data sheet.)

Without an input signal, the output of
the Schmitt trigger will be low, and there-
fore pin 13 of iC4-a, 2 4016 analog switch,
will also be low. That means that the ana-
log switch will be off, and pin 13 (PLL
COMPARATOR-OUTPUT 2) of the 4046 will
be disconnecied from pin 9. the input to
the VCO., The voltage present on the
lowpass filter capacitor (C5), together
with the RC timing compenents (C3 and
R35), will determine the frequency of the
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FIG. 4—YHE FINISHED PC-BOARD'IS shown here. Not# the use ol PC.mounted trimmers In this

version.

VCO. The voltage across C5 will not dis-
sipate for along period of time, because of
the very high input impedance at pin 9 of
the 4046, and the low-l¢cakage charac-
teristic of that 0. 1-uF polyesier capacitor.
That, in tum, means that the output fre-
quency of the ¥CO at pin 4 will remain
stable for a long period of time.

Now let us look at what happens when
an input signal is present. Pins 13 of the
analog switch and 12 of the PLL will go
high. The analog switch is then on, and
the phase-comparator output of the PLL.
(!C2. pin 13) will be connected 10 the
VCO (IC2. pin 9) via the lowpass filter
(R9, R10, and CS5). Provided that the input
signal continues at a fixed frequency for a

short period of time. the PLL will lock in
and follow any frequency variations. For
the most part, in that locked state, the
PHASE PULSE output (pin 1) will be high
{there will, however. be some narrow
negative-going pulses).

With pin 1 of the 4046 high, D3 will be
forward-biased via R8, so C6 will charge.
The voltage across the capacitor is applied
to the base of QI, which acts as a voliage
follower/buffer. That transistor is half of
the VCA output siage. the other section
being another 4016 analog switch ([C4-
b). The control gate (pin 5) of 1C4-b is
connected direcudy to the output of the
VCO (pin 4 of IC2), or indirectly via the
4013 (adual D flip-flop), depending on the
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PARTS LIST

Resistors

All resistors are Va-watl, 5%, uniess othar-

wisg noted,

R1, R19, R21, R38—1000 ohms

R2. R3, R8, R18, R26, RA7—4700 chms

R4, R6, R9-R11, R15, R17, R22, R23,
R27, R28, RJA3, R34, R359—100,000
ohms

RS, R13. R24—47,000 ohms

R7. R16. R29, R30—1 megohm

R12, R14. R25, R3Y, R32—10,000 chms

R3S, R¥6—4.7 megohms

R40, R44—1 megohm, potentiomater, lin-
ear taper

R41, R42. R45—10,000 chms. potentiom-
eter, audio taper

R43—100,000 ohms, potentiometer, Iin-
ear taper

Capacitors

C1, C7, €11—0.47 pF. 10 voits 1antalum

C2—100 uF. 16 voits, ewectotyhic

C3. Ct0—0.01 uF, ceramic disc

C4, C8—120 pF. ceramic disc

C5, C12—0.1 uF, polyester

Ce, C9, C13, C14—2.2 pF, 16 volis, elec-

trotytic

C15—470 pF, 16 voils, electrolytic
Semiconductiors

IC1—LM324 quad op-amp

152, 1IC3—4046 CWMOS PLL

1C4—4018 quad analog switch
IC5-—4013 dual D fip-fop

1, Q2—ECG123AP NPN transistor
D1-D4—1N4148 silicon diodes

Other Components

S1, S2—DP3T Minature slide switch
53-55-DPDT miniaiure slide switch
J1—minature phone jack

J2, J3—phong jack

B1—8-voft battery

Miscellaneous: PC board, case, knobs,
battery anap wirg. etc.

A kit of parts (Catalog Number K-2663)
s avallable trom Dick Smith Elec-
tronics, PO Box 8021, Redwood CHty,
CA 34083. The kit Intludes the FC
board, but not the case, the battery or
the jacks. The price s $18 95,

sewting of $1. The squarewave output from
the VCO opens and closes the analog
switch. It can be seen that that action
directly gates the voltage available to the
output terminal via the two current limit-
ing resistors and the potentiometer.

When the input signal disappeans, pin |
of the 4046 retums low. As described pre-
viously, the VCO remains running at a
frequency determined by the voltage on
capacitor CS. The woltage across C6 then
begins to discharge via the transistor fol-
lower and the two resistors, R12 and R40.
Those two resistors control the “*decay™
rate. If R40 is set 1o its maximum value {I
megohm) the discharge time will be long
{decay will occur slowly). As the dis-
charge is laking place, the continuous
output from the VCO switches the analog
gate {C1-b on and off to “*sink™ the decay-
ing voltage on the emitier of Q1 via the
load resisior (R18) at the VCO rate,

9861 AHvNY934
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The frequency of the nete reaching the
output stage can be changed from that of
the original. By using a flip-flop as a di-
vide-by-two element. the output can be
haived or doubled depending on where it
is coupled into the circuit. With the oc-
tave-select switch (S1) in the ¢enter posi-
tion (F), the output frequency will be
identical to to input. When the Fi2 position
is selected, the 4013 (configured as a
clocked flip-flop) divides the output from
the VCO (IC2, pin 4) by two (lower oc-
tave}l In the 2F position. the flip-flop is
connected between the output of the VCO
and the comparator of the PLL. That re-
sults in a frequency that is twice that of the
input (upper octave) at pin 4 of the VCO.

So far we've only used three sections of
the LM 324 quad op-amp. The fourth sec-
tion (ICI-d) is used as a iemolo gener-
ator. The op-amp is configured as an asta-
ble multivibrator to give a squarewave
outpul. Potentiometer R43 is included to
adjust the frequency (tremolo rate). The
squarewave is then smoothed somewhat to
give 4 more nyural tremolo effect to the
output note. That waveform is then ap-
plicd to the VCO (a1 pin 12. IC2) via 2
selector switch and a 4.7 megohm re-
sistor,

!

ONCE COMPLETED, the girguit shouid be In-
staited n & case.

Optional Inputs

The VCA of either channel can be trig-
gered from an extemal source. A positive
pulse input via D2 to the YCA will charge
C6. If that input is held high. the output
from the VCA will also remain high. [f
the input is a pulse from a sequencer or
even a simple switch, the output from the
VCA can be triggered without the need
for an audio signal at the microphone in-
put. That could be used with thythm gen-
erators. etc.. to create differemt effects.
The frequency of the YOO can still be
changed by using the microphone input.
If you require that the input signal from
the microphone-amplifier stage not trig-
ger the VCA, create an open circuit by
removing D3 from the board. (The foil
pattern for the project is provided in our
“PC Service” department; the parts-
placement diagrams are shown in Figs. 2
and 3.}

By disconnecting the input stage from
the VCO, the PLL can be used separately
by providing an external input signal. Iso-
lation is performed by cutting the PC

board trace beiween the pads marked with
an asterisk in Fig. 2. The input is applied
via D1. That input should be 2 square-
wave. The peak-to-peak voliage of the in-
put should not greater than the circuitl’s
supply voliage, and should not be less
than 75% of the supply wvoltage. If the
mnput stage is disconnected from the PLL
in the manner described, the circuit could
be used to modify the output of an elec-
tronically amplified instrument or a sound
generator (provided that the input signal
mecis the requirements of the 4046). For
example. the output from a simple mono-
phonfc organ can be used to create more
interesting tones and sound effects. The
decay control eould be used to vary the
note shape, and the octave switch can
change the note frequency.

To reconnect the PLL 10 the micro-
phone input stage. the link destroyed
when the PC trace was cut must be re-
stored. That is done by installing a jumper
between the pads marked with an asterisk
in Fig. 2 for convenience. that jumper
could be replaced by a switch.

Assembly

Assembly is very straightforward if you
follow Figs. 2 and 3. Start by mounting all
of the low-profile components on the
board. Those include the resistors. di-
odes, and the jumper. Next, install the
¢apacitors. Be sure to observe the polarity
of the electrolytics. After that, install the
IC's and transistors, taking care to ob-
serve the proper orientation. Finally hook
up the switches. poientiometers, and
other off-board components. Note that the
board has been designed to accept PC-
mount potentiometers, but you can use
pancl-mount potentivmeters and connect
them to the board with wire.

To test the system you will need to use
an gudio amplifier of some type. Feed the
outpul of the synthesizer to the amp. plug
in the microphone and battery, and tum
the unit on. Whistle a few times close to,
but not directly imo the microphone. Tum
up the MICROPHONE INPUT LEVEL SET
control until some response is heard from
the outputs. Set the vOLUME controls of
both channcls to an appropriate level.
Vary the pitch (frequency) of your whis-
tle; the output should vary in kind.

Next, try varying the pecay controls.
With the controls set to maximum. you
will hear the outputs change in frequency
as the note of your whistle changes. Notes
that are wide apart in frequency willtakea
little longer to lock. Now try changing the
setting of the OCTAVE SELECT swilches.
Also try oul ithe TREMOLO RATE control; be
sure thar the tremolo section is switched
into the circuit when you do that.

If all is working. the completed board
(see Fig. 4) can be mounted in a case to
complete assembly. If you detect any
problems. go over your work carefully 1o
find the cause of the problem.
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THE UPPER TRACE s & 3-kHz input signat from
# signal generator. The bottorm one 19 the output
that results.

[Pholg courtesy ol Takbronix}

Operatlon

Connect the micrephone and switch the
unit on. Now slowly whistle a tune a short
distance from the mouthpiece. Do not
blow directly into the microphone. Best
resulis are obtained with the microphone
at the side of your mouth so that any air
currents do not hit it directly.

Turn the input-level control up until you
get a reliable response from the unit every
time a nute is whistled at the same vol-
ume. Turn the output-volume controls to a
suitable level to avoid feedback. The
whistled note should be a short, clean
burst. Try changing the DECAY controls so
that the generated sound varies from a
shor staceato to a long. slowly-decreas-
ing tone.

Notc that the synthesizer is sensitive to
all sound. Thus, when the microphone
picks up the output sound of the amplifier.
feedback occurs and the system locks up
in an uncontrolled staie. To avoid that,
you must kesp the microphone away from
the speaker system.

When you find a suitable input level, try
the other functions. By changing the oc-
TAVE SELECT switches. the output fre-
quency can be set to be the same as the
input. or on¢ half of the inpat, or twice the
input. By adding tremolo to one or both
channels, interesting tonal effects ¢an be
achieved.

Try singing or humming into the micro-
phone as the sound source. The system
will respond best to pure. clean notes.
Rough voices will not be reliable.

By siriking different shaped objects
next to the microphone. the system will
tend to pick up the fundarmental resonance
of the object and produce an equivalent
nole,

Musical instruments can also be used
as the sound source. A simple recorder,
for instance, can produce many and varied
sounds. Other instruments, such as a
guitar. can produce different notes and
sounds. The combinations are endless.

To give greater versatility to the unit,
channel on¢ can be controlled from exter-
nal sources as described above. With a
little practice, this mini synthesizer can
make you a “one-man band."” R-E
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Repairing
Compact Disc Players

Compact disc players are the most exciting development in audio in years.

In this article we'll show you how those devices work, and how you can

repair them when something goes wrong.

P LAST TIME, WE BEGAN
a rt to look at how to adjust
CD players. The first adjustment we talk-
ed about was the laser outpul adjustment.
Unferunately. we ran out of room before
we could finish that topic. so let’s do that
now and then move on to the rest of the
CD player adjustments.

The simplest way to check laser-diode
drive current is to measure the voltage
acToss a resistor in series with the diode,
such as R623 in Fig. 20-a, and then calcu-
late the drive current. For example, if the
recommended laser diode current is 40 to
70 mA, and the series resistance is 22
ohmis, the voltage should be between 0.88
and 1.54. That check ¢an be done before

you adjust the tascr diode, and must be
dore after adjustment.

Some literature recommends monitor-
ing the laser with a light meter. However,
it is more practical (and much easier) to
adjust the laser diode output until you get
an P (Eight-to-Founteen Modulation)
signal of correct amplitude, as we discuss
next, Before you make the adjustment, set
R629 to minimum, and then increase the
selting as required. Also, note that the
chuck or cHU switch (S3) must be in the
closed (tray in) position before power is
applied to Q601 and the laser. (That elimi-
nales the need for separate interlocks.) Of
course, you will probably find it neces-
sary to overnide that interlock (close S3

WWWW.americanradiohistorv.comm

manually) during adjustiment and trou-
bleshooting.

First, connect the oscilloscope as
shown in Fig. 20-a. That allows you to
monitor the EFM signal (after the pho-
todetector output is preamplified by
IC601). As discussed, the eFm signal (at
that test point) is applied to the tracking.
focus, and pickup motor servos, as well as
to the signal processing circuits.

Next, load a disc in the player and select
the pLAY mode. The EFm signal should
appear on the scope, and produce a wave-
form similar to that shown in Fig 20-5.
Finally, adjust R629 until the eFm signal
level is 700 mV (or as specified in the
manual, typically 550 to 950 mV),
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FG. 21—WHEN THE slide-molos oftset adjustment
temnporary ground.

Slide-motor otfset

The slide-motor offser adjustment sets
the point where the pickup accesses the
beginning of the disc (the disc directory)
If the adjusiment is not comrect, the pro-
gram informalion may not be read prop-
erly. Note that that adjustment controls
the pickup motor servo, and is not to be
confused with the inner-limit micro-
switch, although the two adjustments are
interrelated. However, if the microswitch
is properly set, you should have no trouble
in setting the pickup servo offset, as fol-
lows.

First connect a DC volimeter as shown
in Fig. 21. Tha allows you to monitor the

L i

R13A

MICROPROCESSOR

'_-———0

TEMPORARY *=
GROUND

has been cOmpleted. be sure o remove the

motor gain output from [C101.

Next, load adisc in the player and select
the PLAY mode. While the disc is playing,
ground 1C301, pin 11 as shown in Fig. 2]
to simulate a low Tsw signal. (If the Tsw
line is high, 1C30§ shuts the system
down.) Finally, set the player to stoe,
After about 10 seconds, measure the DC
level at TP1S and adjust RI07 so that the
reading is OV { = 50 mV). Adjust R107 in
small increments and wait for the voltage
level 10 stabilize before proceeding.

Tracking-servo otfset

Figure 22 is the tracking-servo offset
adjustment diagram. Here, we are adjusl-

WWWW americanradiohistory comm

ing the optical pickup {through the servo
and tracking actuator ¢oil) so that the laser
beam is properly centered on the tracks,
producing maximum EFM. The grm signal
is monitored via an oscilloscope con-
nected to TP13. Note that R603 sets the
offset of the two tracking diodes, but not
the four remaining focus/signa! dicdes.
As before, begin by loading a disc in
the player and selecting the LAY mode.
Then adjust R603 until the eFm is of max-
imum amplitude. That indicates that the
Yaser is properly centered on the tracks.
On some players, the display may become
erratic and the audio will mute afier that
adjustment is made. If so, set the player to
stop and then go back to pLAY. That
should eliminate the erratic display.

Focus servo offset adjustment

Here, you are again monitoring the EFm
signal, but you are now adjusting the op-
tical pickup (through the servo and focus
actuator ¢oil) so that the laser beam is
properly focused on the tracks. Connect
an oscilloscope 10 TPL3 (see Fig. 23) and
adjust for the maximum EFMm signal. Note
that R116 sets the offset of the four focus/
signal diodes, bur not the two remaining
tracking diodes.

The frst siep is to load a disc in the
player and select the pLAY mode. The EFmM
waveform should appear on a scope con-
necied to TP13.

Next, adjust RI16 for the maximum
EFM signal (that indicates that the optical
pickup is focused on the tracks), Again. if
the display becomes erraic after this ad-
justment, stop and restart the player.

Disc motor Hall gain batance

The adjustment diagram is shown in
Fig 24, In that set up. one channel of a
dual-channel scope is connecied to TP18,
while the other is connected to TP17. That
allows you to simuttancously monitor the
drive signals to both coils (A and B) of the
disc motor (from the motor drive, 1C201).

Start by loading a disc in \he player and
selecting the PLAY mode. Adjust R20! so
that the output levels at TP18 (pMca) and
TP17 {pmce) are equal. Usually, baca
and pasce are aboul 2 volts (p-p).

Sample-and-hold otfset adjustment

The adjustment diagram is shown in
Fig. 25. Note that this adjustment is not
available on all players. Also the circuits
shown in Fig. 25 are not 1o be confused
with 1he sample-and-hold audio circuits.
The S/H circuits we are dealing with here
are part of the pickup servo, IC101, and
control the tracking error or TER signals.

To perform this test, we musl create a
simulated defeet on a disc. The disc is
then played and R103 adjusted for mini-
mum audic dropout. The simulated defect
is created by placing a strip of black {(non-
reflective) tape, about 0.5-mm wide, on
the mirror side of the disc.


www.americanradiohistory.com

LASER LASER OPYICAL FOCUS/SIGNAL
DAIVE 79 55
e DIODE T SYSTEM PHOTODIODES
60 et ' !
PREAMP | 2 t
e R603 I
P mn ERVD I LASER _ _ _
i DEESET ADJUST I BEAM
I
IC603 )
—
Q" TRACKING
- DIDDES
= “ -
: 16 -
1C102
" semo S
DRIVE
TRACKING COIL
TER (TRACKING ERROR SIGNAL)

FIG. 22—WHEN THE tracking-servo otiset sdjustment has been performed Correctly. Ihe (aser beam is
preparly cenlered on the dise traCks and lhe eru signal is at a maximum. The gem signal can be

monitored on an o3cilloscope connecled to TP13.

1C6M
PREAMP
FOCUS/SIGNAL
PROTODIODES
FER{FOCUS ERRDRA SIGNAL)
IC102
IC1N
seRvol™] SERVD
DRIVE
R116 FOCUS
AF OFFSET coi
ADJUST
= -

FIG. 23— CONNECT AN OSCILLOSCOPE lo
T3 snd adjuat R116 for maximum EFu aignal.

RN
MOTDR GAIN ADJUST

TPI6 fruRNTABLE
= MOTOR
t
: coIL
Ic200
TURNTABLE TP”} .
MOTOR T :
DRivE  |OMCA
coiL
A

FIQ. 24—ADJUST R201 s0 that the levels O Ihe
drive signals jo the two colls are equal (about 2-

volts p-pl

You can make this adjustment by ear.
The simulated defect produces a chatter-
ing or ticking in the audic. You simply
adjust R103 for minimum noise. Of
course, monitoring the EFM signal with a

scope{via TP13), looking at the amount of
audio dropout. is generally more accu-
ratc. [ncident!y, do not turn the volume up
with a simulated defect. The noise is un-
bearable!

If you monitor the EFM on a scope, note
that with such a defect, a portion of the
EFM display will be cut out (typically a
notch or wedge, starting from the top). no

Ic102
Prltcegnn‘ar 2 sg(\}rln e
TER DRIVE
EFM
AL % (k]
TRACKING
+5v--"!! _gy  ACTUATOR
s CoIL
S/ DFFSET
ADJUST

FiG. 25—HERE, you are adjusting the sample-
and-hold Circults Contalned within ICIN, not Lhe
audio sample-and-hold Circults.

matter how you set R103 . However, you
should be able to eliminate all {or most) of
the audio dropout. as indicated by a cutout
at the botrom of the EFm display. 1f you get
considcrable dropout at all R103 settings.
ICI10] may be defective.

Troubleshaoting CD players

As with adjustments, troubleshooting
procedures found in CD player manuals
are limited at best. They give you the usual
“troubleshooting tree” with some test
points 1o check, but no hint as to what
other components are involved. With the
following material, we will attempt to
provide you with that important informa-
tion.

The following sections are a collection
of trouble symptoms that match the trou-
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bleshooung-trce found in the service
manual for a typical CD player. After se-
leciing the symptom that matches that of
the player you are servicing, follow the
steps in the cormesponding troubleshoot-
ing procedures.

Preliminary checks

It is always a good idea to make a few
preliminary checks before you tcar into
the player. Here are some examples,

The transit or shipping screw must be
removed or locsened before the player can
operate normally. Be sure that that has
been done,

Cleaning the objective lens should be a
routing part of servicing. A dirty objective
lens can cause a varicty of symploms (in-
termitient or poor focus. skipping across
the disc, ematic play, and excessive drop-
outs, to name & few). Also, those same
symptoms can be caused by a defective
disc. Try a known good disc before start-
ing scrvice.

Do not replace the pickup assembly, or
make any adjusiments on the pickup, be-
fore checking for mechanical problems
that can affect the pickup. For example,
look for binding at any point in the pick-
up’s travel (indicating that the rails or
guides are adjusted too tight.) On the
other hand, if you hear a mechanical
“chattering”™ when the pickup is moved,
the rails may be 100 loose.

It s assumed that if you have such ob-
vious symptoms as “none of the front-
panel LED's light when the poWER switch
is pressed™ you will check the fuses (right
after you have checked that the power cord
is plugged in). It is also assumed that you
will check for bad solder connections,
broken foil traces. loose or unseated
boards, and the like {cleaning the module
and board contacis with a pencil eraser, as
necessary). Finally, you should check the
various power supply voltages if entire
sections (or functions) appear 10 be in-
operative. That means that you must lo-
cate the power-supply circuits on the
schematic and/or block diagram, and
measure the voltages. (1f you can not do
that, you should not even attempl Lo ser-
vice a CD player yourself!)

Now. let’s go on to the symptoms. and
their cures!

1. Tray does not cpen or close prop-
erly. Figure 26 is the troubleshooting di-
agram. [f the tray will not open or close,
first check that the system micro-
processor, IC301, is getting signats from
the frent-panel opEN/cLOSE switch, §318.
If not. suspect S3I18 andior the wiring
between S318 and 1C301. Next, check
that the loading motor receives a signal
from pin 12 of 1C102 when $318 is
pressed. 1f so, suspect the motor, if not,
you have a problem between 1C301 and
the motor (through 1C102).

Next check for signuls at pins 10 and 1]
of 1C102 each time $318 is pressed, and
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that the signals invert (pin 10 high and 11
low, then vice versa). Check for corre-
sponding inverted signals at pins 33
(oreN) and M {cLose) of IC301. If ab-
sent. or if the signal does not invert when
5318 is pressed, suspect IC30).

If the tray opens, but not fully, check
the point were 502 (LIDO) acluates, as
indicated by a low-te-high change at pin
48 of IC301. If necessary, adjust S02.
First check for any condition that might
prevent the tray from opening fully.

If the tray opens fully, but (he loading
motor does not step, the problem is almost
always an improperly adjusted 502, al-
though IC301 could be at fault.

[f the tray closes, but not fully, and the
elamp or chuck does not hold the disc in
place on the turntable, check the point
were the cnu switch, $03, acwates, as
indicated by a high-to-low change at pin
47 of IC301. If necessary. adjust SO3.
First check for mechanical problems.

1C300 $318
SYSTEM QPENCLOSE
MICROPROCESSOR
2 2
ik o [P
cLose18] 1192 [ TR
LIDg
803
b
LlDD—‘iJEI? o
+5v
CHU
$03
- —
chult? 3
] .sv

FIG. 26—IF THE TRAY does not open or close
properly. use this diagram to he!p plnpoint the
cause.

If the tray closes, and the ¢lamp or
chuck goes fully down, but the loading
motor does not stop, the problem s likely
an improperly adjusted S03. but the prob-
lem could be IC3C1. Look for a high-to-
low change at pin 47 of IC301, which
should occur when the tray is fully in, and
the ¢lamp is down on the disc.

2. Laser-diode problems. Figure 27 is
the troubleshooting diagram. CD player
operation depends on the laser producing
a beam of the correct level._ If the beam is
absent, there is no £ signal. If the beam
is weak, the EFM signal is weak. If the
monitor diode does not monitor the laser
diode properly. the beam can shift to an
incorrect level (high or low), without that
event being sensed by the laser-drive eir-
cuits. Any of those conditions can cause
improper racking which. in torm. can pro-
duce an even weaker EFMm.

Sa, if you have symptoms with no ap-
parent cause, such as improper iracking
that can not be corrected by adjustment,
excessive audio dropout with a known
good disc, ete., suspect the laser eircuits.

If the laser diode appears to be in-
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FIG. 27—LASER CIRCUIT PROBLEMS can Cause 8 variely of malfunctions.
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F1G. 28—IF THE PICKUP does not move to the Inner limtl when power is first applied, this troubleshoot-

Ing diagrsm can help pin down the cause.

operative, check if Q601 is geuing +35
volts through 503 (chu). If not, suspect
503 {or the adjustment of S03). When 503
is in the open pesition, +5 volts is ap-
plied to pin 47 of [C301 to show that the
tray is open and/or the clamp is nos fully
down. That disables a number of 1C301
syst¢m control functions including LASw.
When the clamp is fully down. 503 moves
to the closed position. and the laser diode
receives power through Q601.

If power is applied 10 the laser diode,
look for an LAsw signal (indicated by a
low) at pin 51 of 1C301 (TP14). If that
signal is absent (pin 51 of 1C304 is high).
suspect 1C301, If present, check for a sig-
nal at 1C604 from the monitor diode. [f
abnormat, suspect the monitor diode and/
or R629.

[f signals are present at both pins 5 and
6 of IC604, lock for drive signal at pin 7 of
IC604. and the base of Q601. I absent,
suspect 1C604. If prescnt, suspect Q601.

3. Pickup does not move to inner lim-
it when power is applied; disc directory
is not read properly. Figure 28 is the
troubleshooting diagram. When power is
first applied, the pickup moves to the in-
ner limit. The system microprocessor ap-
plies a temporary sLr (reverse) signal to
the pickup servo. In Fig. 28. areset signal
is generated by the circuit made up of
Q103. Q104, Q301; it is applied to pin 24
of C3Q1. That produces a temporary SiRr
signal at pin 60 of 1C3€1, which is applied
to the motor through ICI01. IC604. and
IC102. That signal causes the pickup to
move inward until the inner-limit LMsw
switch, SOI, is actuated.
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If the pickup appears 10 move 10 the
wnner limit when power is applied, but the
disc directory is not read properly (for
instance, the total playing time, or
number of programs on the disc is not
given on the front-panel display), try cor-
recting the problem by adjusting the
motor offset {as described earlier) before
ripping into the molor servo circuits.

If the pickup does not move when
power is first applied (you may not be able
10 see the pickup, but you should hear the
metor) check for sLg at pin 60 of 1C301. If
absent, suspect 1C301. or Q301 and the
resel circuit. If you get sLRr, bul the motor
does not run, suspect ICI01, IC604,
IC102, and the motor itself. Also check
for motor drive voltage at the output of
IC102 and at the motor. If the motor runs,
but the pickup does not move, look for
mechanical problems.

If the pickup moves, but does not reach
the inner limit, check when 501 actuates,
as indicated by a high-to-iow change at
pin 46 of IC30I. If necessary, adjust SO1.
Before adjusting 501, check adjustment
of the pickup servo offset. I the offset can
be adjusted so that the pickup accesses the
disc properly, SOl is probably adjusted
correctly. Generally, $O1 does not go out
of adjustment,

If the pickup reaches the inner limit,
but the motor does not stop. the problem is
almost always one of an improperly ad-
justed Lmsw switch (unless IC300 is de-
fective).

That’s all we have room for now, Next
time, we'll finish up the troubleshooting
procedures, and this article. R-E
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All About

TRANSISTOR
SWITCHES

L. B. CEBIK

Its easier than you think to control motors,
relays, and lightbulbs with digital ICs!

Learn how here.

WITH A LITTLE BACKGROUND IN DIGITAL
logic, almost anyone can can string to-
gether a bunch of logic gates and get a
circuit that works. But not everyone can
design a circuit that works cfficiently and
reliably——especially one that requires an
interface between digital 1C’s and non.
digital devices like motors, relays, light-
bulbs. etc.

It is easy to design one- and two-tran-
sistor circuits that allow your digital cir-
Cuits to control devices like those; in this
article we'll show you just how easy it is.
If you follow our techniques, your proj-
ects that use transistor switches will func-
tion much better. and that will allow you
Lo take an extra measure of pride in those
projects.

The interface problem

Interfacing digital IC’s of one particular
family (TTL, CMOS, eic.) to one another
is such a standard procedure that consid-
eration of logic alone—apart from any
consideration of circuitry—is often suffi-
cient 1o complete a design. The only elec-
tronic design involved comes in calculat-
ing the value of the pull-up resistors that
are necessary Lo keep logic inputs in a
well-defined state.

Problems arise when 2 digital IC must
control a device that is incompatible with
the woltage or current ratings of that I1C.
One way to solve that problem is to use a

discrete transistor or two to link the IC 10
the incompatible component. Often we
simply “lift" a standard circuit from a
databook and use it as-is in our design.
And why not do that? Most of the time,
the technigue works. Our lamp lights. or
our buzzer buzzes, or our relay energizes,
50 we're satisfied.

However, by *'designing” in such a
manner. we'd be lucky if our imerface
really functioned optimally. For example.
an incorrectly-biased’ switching transistor
might itself draw more current than the
rest of a CMOS circuit. An additional ten
milliamps of current drain from a complex
TTL circuit might be insignificant. but
such a current drain in a batery-powered
CMOS device could rapidly deplete a
small battery. In addition, op-amps and
comparators—with their bipolar {positive
and negative) outputs—impose special
design requirements when used with dis-
crele iransistor switches.

What we must do, then, is spend a little
time designing (reafly designing, that is).
and ihen optimizing a transistor switching
circuit. Such design is actually quite sim-
ple: We need only a few data sheets, paper
and pencil. The little arithmetic we need
to do hardly requires a calculator. A
breadboard, a few inexpensive compo-
nenis, and a multimeter are all you need to
design, test. and optimize the circuits pre-
sented below.
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Translstor basics

Before we get into the details of switch-
ing-circuit design, let’s review fundamen-
1al iransistor operation. The base of a
transistor is used to control the current
flowing through its emitter and collector.
If we black current flow to the transistor’s
base, collector current will cease. When
that happens, we say the device is in cif-

On the other hand. as we supply more
and more current to the base of a tran-
sistor, ils colleclor current increases at a
corresponding rate. Eventually we reach a
point where additional base current
causes no comresponding increase in col-
lector current. At that point we say that the
Lransistor is in safurarion. Between cutoff
and safuration is the linear operating re-
gion.

Circuits using transistors as small-sig-
nal ampiifiers often try to avoid operating
in either cutoff or satration, zlthough
some designs do utilize one or the other
extreme (Class-C RF amplifiers, for ex-
ample). By contrast, transistors used as
swilches attempt to avoid operaling in the
lincar region. We Iry to switch a transistor
from cutoff to saturation. and from satura-
tion to cutoff, instantaneously. Of course,
that is impossible, but if we make the
transition period short enough, it will ap-
pear (o be instantaneous. Overdriving a
transistor—thal is. forcing it "hard™ into
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saturation——can adversely affect switeh.
ing speed by increasing junction capaci-
lance, s0 we musl be careful not lo apply
oo much base current 10 a switching tran-
sistor.

Calcuiating just the right amount of
base current comprises the bulk of Ihe
work in switching-transistor circuit de-
sign. Let's see how to do that now.

Single-transistor switch

We often make the base current a func-
tion of an applied voltage. In FRg. |,
resistor Ry, is wired in series with iran-
sistor Q1’s base. As shown in the upper
trace of FRg. 1-b, when an appropriate
voltage (V,);) is applied lo Rg, QI will
m on. Al thal point, as shown in the
middle trace, colleclor current becomes
appreciable, and collector vollage drops
to (almost) zero, as shown in the bottom
trace.

FiG. 7—THE VALUE OF THE BASE RESISTOR In
this switching ¢ircuit depends on the value of |
and the gain of 1he transistor.

We can use Ohm's law to calculate the
value of the base resistor: Rp=Vy/lg.
Assuming we're working with a standard
logic family, we’ll know Vg: the output
voltage of the IC driving our swilch. For
example, standard TTL 1C*s have an out-
put of about 2.4 volts DC. In order 1o
calculate the value of [g, we need to know
the amount of current (1) our load (R}
requires. We can determine that current
casily using standard daia books, or by
“guesstimate,” if necessary, and refine
our calculated value on the breadboard
later. Catalogues often give the curment
ratings of lamps, buzzers, and other de-
vices. Relays {(and other components)
may be given only a resistance rating, but,
by using Ohm’s law. we can easily calcu-
late the load current. So, half the battle is
won without a struggle.

We also need the cument gain, fipyg, of

TABLE 1—COMMON SWITCHING TRANSISTORS

Number Type
2N2219 NPN
2N2222 NPN
2N2907 PNP
2N3638 PNP
2N3702 PNP
2N3704 NPN
2N3904 NPN
2N3906 PNP
2N4.400 NPN
2N4402 PNP
2N5400 PNP

the transistor we'll be using; /. may usu-
ally be obtained from a dala book. The
gain of commonly-available transistors
may range anywhere from lwenty to two
hundred. If you don't know the gain of the
transistor you’'ll be using, or if you use
surplus or unmarked Lransistors, assume
that s for high-power devices is twenty,
and that, for low-power devices, it is forty.
Don't worry about being exact; using
those values will allow you o get started,
and we can oplimize resistor values on the
breadboard. And since gain ratings are
often listed as “typical” or “minimum,”’
we'll probably have to cxperiment a little
anyway.

As long as we've got the data book
open, let’s check one other rating lo en-
sure that the ransistor we're using will be
able to do 1he job. The maximum collec-
tor-to-emitter voltage (Vazo) of the tran-
sistor is impertant, because, when it is in
cutoff (that is. when no current is Nowing
through the load), the full supply voltage
will appear across the collector and the
emitter. A common rule of thumb is that a
transistor should be abie to withstand at
least twice the maximum voltage that will
appear across it. In most CMOS and op-
amp circuits, the maximum supply voli-
age will be fifteen volts. It's easy to find
thirty-volt transistors, and they’ll handle
five-voll TTL devices with ease.

Assuming the transistor meets our
load's voltage and cument requirements,
we can use 1pg (o calculate the base cur-
rent that we need to tumm the transistor on.
As you recall. base and collector currents
are related by hpyg: lg = I, We then
plug Ip inio our previous equation and
calculate Ry. To account for variations
among transistors. add about twenty per-
cent 10 the base current before calculaling
the value of the base resistor. (Or simply
increase the calculated value of Ry by
twenty percent.) Now we're just aboul
ready for the breadboard.

However, there's one other thing to
check. We must ensure that the (digital or
other) device driving our switching circuit
can safely supply the calculated base cur-
rent. Safety is not really a question of
burning out the driving IC; rather, we
want o ensure that we don’t foree that IC
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10 operate unreliably. TTL [C's (and some
special I1C’s like the ubiquitous 553) can
usually supply all the currenl necessary.
Regular TTL IC’s can supply sixleen mA,;
low-power TTL IC’s can supply 1wenty
mA; and low-power Schottky IC’s can
supply cight mA. You should treat those
values conservatively, but for many ap-
plications, there will be more than enough
current to drive a simple switch like the
one we’re discussing.

On the other hand, CMOS [C’s and op-
amps arc voltage-operaied devices; they
are able to supply very little current. The
amount of current CMOS devices can de-
liver varies wilh supply voltage; it ranges
from about one mA al five volts, to four
mA at ten volis. Likewise, op-amps can
supply only a milliamp or two. If mare
current is required, a somewhat more
complicated circuit musi be used. But
more on that in a minute. For now, lel's
take a look a1 some real-world transistors
and their ratings.

Translstor ratings

To help you choose an appropriate
switching transistor, in Table 1 we list
maximum voltage and current ratings for
several common devices, along with typ-
ical current gains al specific colleclor cur-
rents. Manufacturers' daia books will
contain more specific information, but the
information in the Table should be enough
to get you started. In general, almost any
transistor that can withstand the required
voltage and cumrent can be pressed into
switching service, but it is wasteful to use
a one- or two-dollar transistor when a ten-
or twenty-cent device will suffice.

The circuit shown in Fig. | is useful
when you need 10 control a device with
modest voltage and currenlt requirements.
when the driving circuit can supply
enough current to reliably um the switch-
ing device on and off. and when you are
working with a positive supply vollage. If
you were working with a negative supply,
all you would need to do in order to make
that circuit functional would be to sub-
stilute an appropriate PNP Wransistor for
QL
In that case, the base-vollage trace in
Fig. |-b would be inverted. For example,
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Vy would normally be “high" (zero
volis); to tumn on the transistor and there-
by the load), a negative voltage would be
applied to the base. The collector-voltage
trace would nnrmaliy be low; it would go
high when the transistor were tuined on.
The collecior-current diagram would not
change, as il indicates the magnitude, not
the direction of current flow.

For most of 1he remainder of this article
we will discuss circuils with positive sup-
ply voitages, so, if you are designing with
a negative supply, jusl substitute tran-
sistors of the opposite lype for those
shown.

. 2—THIS INVERTED-FOLARITY switching
circull applles current 1o \he load when Vi, is
low, Bul see the text for precautions on use of
Lthis Circult.

Polarlty inversion

Somelimes we want a low from the
controlling device to enable current flow,
and a high to disable it. The circuit shown
in Fig. 2-a will do just thal. As the traces
in Fig. 2-b reveal, when the base vollage
goes high, collector current ccases, and
collector voltage drops 10 zero. There is
one precaution to observe when using that
circuit: Make sure that the signal driving
the switch goes high enough to cut it com-
pletely off. Op-amps and some logic de-
vices may have outputs as much as twenty
percent below the supply voltage. That
may allow the switch to remain on con-
stantly, as Vgg will not go below the 0.7
vol difference necessary to place the tran-
sistor in cut-off. Only a breadboard test
will tell for sure.

Two-transistor switches

Somctimes a single transistor switch
Jjust won't meet our design requirements.
For example. suppose that the current re-
quired by the load exceeds the current thal
our single-transistor switch can supply.
Or perhaps we need to switch a high volt-
age—or even One of the opposile polarity.

FiG. 3-—THIS TWO-TRANSISTOR CIRCUIT can
switch heavier loads Than the previous ¢lreuils.

Perhaps we want to invert the driving sig-
nal, and the circuit of Fig. 2-a is just not
reliable enough. The solution is to add a
second transistor as a kind of “*buffer™ or
"pre-amplifier” for the main switch.
There are several ways of doing that.

The circuit shown in Fig. 3-a is an in-
verting controlier. A high at Vi turns Q1
on and Q2 off, and thereby prevents cur
rent from reaching the load, R, . The volt-
age and current traces in Fig. 3-b illustrate
how that works. When QI wms on, its
collector goes low, and current flows
through R- However. Ry, is also brought
low, so Q2 is cut off. Hence its collector
goes high, and coliector current stops
flowing.

To design such a circuit, we work back-
ward from the load. After determining the
voltage and current required by the load,
we select a transistor for Q2 that can with-
stand those values. We then delermine
Q2's required base current using the gain
equation listed above. In our one-tran-
sistor circuits, thal eurrenl was supplied
by the driving device; now it is supplied
by QL. The base resistor for Q2 is really
the scries combination of R and Ry,
However, in applications where Q1 onfy
supplies curremnt t0 Q2. Rg, may be omil-
ted. The driving voltage, Vg, is the supply
voltage feeding R~

Note that R, determines the current
that fiows through Q1 when it is on, and
that is onc place where many designers
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mistakenly allow too much current to
flow. Unless you're dealing with very
high-powered circuits. a few milliamps
will suffice. And if we’re using the circuit
only to perform “inversion” (not to sup-
pty high current or voltage), even less will
suffice. The same formula may be used to
calculate Q1's base current; using Ohm's
law we can calculate the value of Ry,.
Even with an additional twenty-percent of
base current, our driving 1C does nol have
to supply very much current.

FIG. 4=THIS TWO-TRANSISTOR CIRCUIT can
conirpl heavy loads. bul, like the circult shown
In Fig. 2, peveral precaulions must be observed.

The circuil shown in Fig. 4-a is an ex-
tension of the one shownin Fig. 2, and it is
subject to the same caulion. In order for
Q! to be cu off completely. the driving
voltage must closely approach the supply
voltage. However, the lighter load on Lhe
driving device provided by the revised cir-
cuit may make that possible. As illus-
trated in Fig. 4-b, when V,,, goes high, QI
is cut off. so no current flows through its
collector. The base of Q2 now goes Jow, so
Q2 wrns on. It's collector voltage goes
high. and colleclor current flows.

By combining an NPN with a PNP
transistor, as shown in Fig. 5, we gain
several advantages, including the sen-
sitivity a two-transistor circuit can
provide. and an output that follows the
inpul—no inversion. The traces in Fig.
5-b illustrate circuit operation. When V
goes high, Q1 turns on. [ts collector goes
low as current flows through the device.
That drops Q2's base to ground. so that
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FIG. 5—POSSIBLY THE BEST sll-round 1wo-
transistor switching circult, this design does
not inveri 1he control signal.

FIG. &—NEGATIVE VOLTAGES may ba switched
by thls circuit. which is driven from 8 positive
supply.

transistor now turmns on. lts collector goes
high, and current flows through Q2 and
the load.

The two-transistor citcuits shown in
Fig. 4 and Fig. 5 have an additional advan-
tage. In both cases, the loads are not con-
nected directly to the supply line, but
through the collector of the output tran-
sistor. That could be useful if you wanted
o contral a single load with several dif-
ferent switches. Connect the collectors of
all the Q2 transistors together, make sure
that there can never be more than one
switch on simultancously, and you're
ready to go. That configuration is com-

monly referred (o as *wired-OR,” since a
logical or function is achieved simply by
wiring outputs together.

Switching negative voltages

A circuit that switches negative volt-
ages, but that operates from a positive
supply, is shown in Fig. 6. It is useful for
tasks ranging from switching keying-
wransmitter lines to providing negative re-
trace voltages for oscilloscopes. The ¢ir-
cuit functions as follows.

When QI is off, its collector is high,
and so, therefore, is Q2's base. so Q2 s
cutoff. Toturn on Q2, its base must go 0.7
volts more negative than its emitter, Di-
odes DI and D2 clamp the emitter at about
+ 1.4 volts, so the base must fall below at
least 0.7 wolts in order for Q2 to twm on.
That provides some insurance against ac-
cidental tum-on due to leakage through
Ql. In a reai-life version of that ¢ircuit,
Ry would actually be pan of the trans-
mitter keying line. For heavier loads. an
additionai transistor could be used.

FIG, 7—A DARLINGTON TRANSISTOR may be
ugad 10 obtain high gsin in @ single packags.

Another way o swilch moderaie loads
is with a2 Darlington device, such as that
shown in Fig. 7. Connecting two tran-
sistors in that fashion provides a simple
way of attaining very high gain, so that
low-power drivers—Ilike CMOS C's—
can drive relatively heavy loads. The
2N6576 and 2N6388 are typical NPN
Darlingtons. To use a Darlington. just
make sure that it can supply the required
voltage and current, and then calculate the
value of Ry just as with the simple one-
transistor switch of Fig. .

There are many variations on the ¢ir-
cuits presented above that are used in spe-
c:al applications. But the heritage of most
such circuits can be traced o one (Or
more) of those presented here. So, having
mastered the basic theory, you should be
able to understand just about any interface
circuit you might encounter. And now that
you've got the theory down, let’s get out
our breadboards and leam how to test and
refine discrete transistor switching cir-
cuits.

Practical conslderations
What we'll do now is give siep-by-step
instructions on how to 1est and optimize
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FIG. B—SWITCHING CIRCUIT OPTIMIZATION |s
#imple with this set-up. The valua of the driving
voltag# Is s¢l with R1, and 1'% optimal base
current ls found by varying R,

several of the circuits we’ve already dis-
cussed (those shown in Fig. 1 and Fig. 5).
Once you understand the processes we
describe. you should have no trouble
adapting those circuits to the require-
ments of the devices you are driving.

A single-transistor switChing-circuit
test set-up is shown in Fig. 8. Switch S|
may actually be a jumper, and R3 is a
potentiometer with a value of 25K or 50K
ohms; it is used to adjust the current fed to
Ql. The wliage divider composed of RI
and R2 gives you a convenient means of
simulating the voltage that will acrually
drive the circuit. The Iwo terminals in
Ql's collector circuit (connected by a
dashed line in our figure) indicate that
you'll need to provide some way of inser-
ing an ammeter. The component desig-
nated R; may be the actual device that will
be switched, or a resisior that draws the
same amount of current.

Our design goal Is to find the highest
value for Ry that provides reliable switch-
ing. First calculate the base current that is
required, according 10 the load current
and the known (or assumed} gain of the
transistor. If the driving source will be a
lower voltage than the supply line, set the
voltage that appears at the lower terminal
of Sl with R1. Now follow these steps:

1. With ull components hooked up, and
with + V.~ applied. gradually increase
the value of R3 until the collector current
(1) begins to drop. Some switching tran-
sistors have narrow linear ranges and may
appear to drop out completely with only a
small change in R3.

2. Reduce R3 slightly, to ensure relia-
ble switching. and test through several on-
off operations. [f the transistor appears to
swilch reliably, measure and record the
value of R3,

3. If the driving voltage may vary, per-
form steps one and two twice: once with
Vg set for the upper. and once for the
lower, limit of the anticipated driving voli-
age. When using the R1-R 2 voltage divid-
er, recheck the voltage as you approach
the switching point, since it may vary a bit
as [y changes.
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4. Repeat steps one through three using
two or three other transistors of the same

5.-Use the lowest value of R3 measured
in all of the tests. That will be the highest

r Wee
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FIG. 9—O0PTIMIZING A 2-TRANSISTOR switch-
Ing ¢lrcult |8 simple with this circuit. The base
curremt of Q1 |s sat by Ry, ; the dashed Jumpers
Indicate important points for current medsurg-
ments,

+* vcc
[ a1
‘—.‘]i D
R2 o
~¥eg

reliable value for the circuit. Note the
amount of current drawn from the supply
for future reference.

6. Before completing your design, con-
nect the actual load and verify that the
circuit operates reliably, and that current
drain is within the limits of the transistor
you use.

Two-translistor optimlzation

Optimizing the two-transistor switch-
ing circuit shown in Fig. 9 is only a litle
more complicated. Again, the terminals
joined by dashed lines will normally be
connected (on your breadboard) by jum-
pers; the terminals are there to facilitate
making current measurements. Now let’s
se¢ how to determine optimum compo-
nent values.

1. Calculate the base current needed to
turn Q2 on, based on the actual {or calcu-
lated) value of load current through R, .

2. Calculate Q2's required base resistor
using the formula R2+R3 = Voe/lg,.
Note that R3 can be zere, but. in any
event, make the value of R2 at |east three

&

FIG. 10—SWITCHING-SEQUENCE PROBLEMS occur with this motor direction-reveraing circuit. As
shown st b, O1 snd Q2 could both be on &t the same time, and that could result In destruction of both

tranaistora.
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FIG. 11—SWITC_HING-SEQUENCE PnoqLEMS ARE SOLVED with this motor direction-reversing cir-
cult. Here. Q2 snd Q4 could never be on at the saame time (barring circult tailure. that is).
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FIG. 12—A FEW SAFEGUARDS MUST BE OB-
SEAVED when switching loads that sre not
purely resistive,

times that of R3 in order to minimize the
current flowing through Q1.

3. Now you can calculate I, as Vof
R2. Ig; is I )/hgg (of QI). Therefore,
RI=Vg/lg,. If the value of Rl is very
high (greater than S0K), lower the value of
R2 to a value that permits a collector tur
rent through Q1 of a1 least one mA, and
then recalculate all values,

4. Now wire up the circuit using fixed
resistors for R2, R3, and R, but use a
potentiometer for R1. Check the circuit
for reliable operation, and if it seems to
work well. measure currents | g, (with Q2
on). 1. and lg,. If any current is exces-
sive, recalculate resistor values, begin-
ning with R3. If either transisior refuses
to switch, decrease the value of its base
resistor by ten percent and try again. Re-
peat until switching occurs reliably.

5. Substitute transistors of the same
type for Q1 and Q2. and test for reliable
operation. Use the lowest value for R1 that
permits reliable switching with all tran-
sistor combinations. That will be the
highest value you ean trust. Be sure to
record 2l] resistor and current values.,
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PC SERVICE

One of the most difficull 1asks i build-
Ing any construction project featured in
Radlo-Elecironics 8 making the PC
board using just the foil pattern provided
with the articke. Well, we're doing some-
thing about it.

We've moved all the foil pattems to this
new sSection where they're printed by
{hemseives, full sized, with nothing on the
back side of the page. What that means
for you ks that the printed page can be
used directly to produce PC boards!

Note: The patterns provided can be
used directly only for direc! positive pho-
lores:si methods.

In order to produce & board directly from
the magazineg page. remove the page and
carefulty inspect it under a strong lght
andior on a light table. Look for breaks In
the iraces, bndges between traces. and In
general, all the kinds of things you 100k for

in the final etched board. You can clean up
the published artwork the same way you
clean up you own artwork, Drafting lape
and graphic aids can fix ncomplete traces
and doughnuts, and you ¢an usé a hobby
knite 10 get rid of bridges and dirt.

An optional step. once you're satislied
that the artwork is clean. is to take a Ittle
bit of mineral oil and carefully wipe it
across the back of the artwork. That helps
make \he paper transiuscent. Don't get
any on the front side of the paper {the side
with the pattern) because you'll con-
taminate the sensitized surface of the
copper blank. After the oil has “dried” a
bit—patting with & paper towe| will help
speed up the process—place 1he patiern
front side down on the sensitized copper
blank, and make the exposure. You'll
probably have 10 use a longer exposure
tima than you are probably used to.

We can't 1ell you exactly how 10ng an
expasure time you will need but, as a start-
ing ponl, figure that there's a 50 percent
increase In exposure time over litho-
graphic film. But you'!l have 1o experiment
to find the best method 10 use with your
chermcals. And once you find it, stick with
it. Don't forget the “three C5™ of making
PC boards—care, cleaniiness, and con-
sistency.

Finally, we would fike to hear how you
make out usIng our method. White and leli
us of your successes, and failures, and
what 1echniques work best for you. Ad-
dress your letters 10:

Radlo-Electronics
Department PCB
200 Park Avenue South
New York, NY 10003

TRANSISTOR SWITCHES
conrinued from page 87

It takes only about thirty minutes to
follow the procedures outlined above, and
that's a small price to pay for an optimized
circuit. You may be surprised at the values
you obtain. For example, I calculated the
following values the first time [ set up the
circuit in Fig. 9: R1=1K, R2= YK,
R3=IK. In my final design 1 used these
values: RI1=10K, R2=33K, R3=I0K.
My load must have been much lighter than
[ originally thought. Only a suspicious
nature and a trusty breadboard kept that
switch from drawing more current than all
the remaining elements of the circuit put
together.

Switching sequence

Now that we've got all that under our

beli, there is one more topic to consider;
switching sequence of bipolar-output ¢ir-
cuits, such as the motor direction-revers-
ing circuit shown in Fig. 10-a. With that
type of circuit we must ensure that both QI
and Q2 are never turned on simulia-
neously. [F they were, the + V. and
~ Voo supplies would essentially be
shorted together through the small “on”
resistance provided by the transistors, The
resujting current flow would in all like-
lihood destroy those transistors.

[f the unconnected ends of R1 and R2 in
Fig. 16-a were connected to the output of
an op-amp, we might think that a positive
output from the op-amp would tum on
Q?2, and drive the motor in one direction,
and thal a negative output would tum on
Ql. and drive the motor in the opposfte
direction. [n theory that's correct, but as

the sequencing diagram in Fig. 10-b
shows, there is an overlapping time when
both transisiors are on.

To understand how that could happen.
assume the voliage from the op-amp starts
off at — V. Atthat point, Ql is en, and
Q2 is off. But as the input voltage rises,
Q2’s base will eventually become 0.7 volt
more positive than its emitter, so Q2 will
turn on. Both transistors will remain on
until the input voltage rises above
+ Ve —0.7 voli. At that point QI will
turn off; and it will not tum back on unuit
the input voltage again falls below
+Vee—0.7 vwolt. Therefore, both tran-
sistors will remain on until the input agatn
falls below the 0.7 volt threshold needed
o keep Q2 on.

One way to solve that problem is to add
an additional pair of transistors, as shown
in Fig. 11-a. In that circuit, Q4 goes off
long before Q2 goes on: Fig. 11-b shows
the switching sequence. Assume the input
voltage starts at ground. As it approaches
- 0.7 volts, Q3 wrns off, then Q4 turns
off as its base is pulled to — V-, Asthe
input voltage continues to rise. QI turns
on, and that drops Q2’s base to ground, so
Q2 wrns on. Following through the se-
quence, we see thal there is no time when
both Q4 and Q2 are on, and there is a short
period when all four transistors are off.

Sequence-overlap problems can arise
in other ways. For example, in counter
circuils, the counter IC can contribute to
overlapping “on” times even though the
individual switching circuits do not. For
example, the data sheet for the 4022 di-
vide-by-eight counter reveals that the rise
and fall slopes of successive outputs over-
tap. and it is doubtful that the switching
transistors’ internal delays would suffi-
ciently compensate for that overlap. In
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such circuits it may be best to create an
“off™" period with some other device, like
a one-shot.

Other precautions

Aside from the problems with bipolar
output circuits we've just been discuss-
ing, there are several precautions to keep
in mind regarding output loading of any
transistor switching circuit. Lamps and
other (more or less) purely resistive loads
require Ifule attention bevond that paid to
voltage and current limits. Inductive and
capacitive loads, on the other hand, de-
mand special attention. For example, di-
odes DI and D2 in Fig. 12-a serve to
protect Lhe transistor from inductive
spikes generated by L1, which could be an
inductor, a relay, a motor, etc.

There are several ways to the limit ini-
tial surge current that occurs when
switching heavily capacitive loads. For
example, we could use a current-limuting
resistor, as shown in Fig. 12-b. Finally, for
circuits that work in RF or other fields that
radiate much potential EMI, filtering and
bypassing, as shown in Fig. 12-¢, are nec-
essities.

In this article we have discussed several
ways to make simple discrete transistor
switching circuits operate both more reli-
ably and more efficiently. Given the volt-
age and current requirements of a load,
and given the voltage and current avail-
able from a digital [C (or other) driving
circuit, we have seen how to calculate,
and how to optimize, the values of the
gain-determining components of simple
transistor switching circuits. The small
investment we make in calculating and
breadboarding will be well rewarded by
projects that work better, that last longer,
and that waste less power. R-E
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Which Way To YOUR Future?

Are you at a crossroads in your career?
Have you really thought about it? Are
you planning for your future, or perhaps
refusing to face the subject? Which way
will you go — down the same old road?
Or are you ready for something else?

In electronics you can’t stand still. If you
are not moving ahead, then you're falling
behind. At the crossroads of your career,
various choices are available — and, yes,
decisions have to be made.

Which road will you take — one that
doesn’t go where you want to be, or one
that leads to hard work bur alfso to the
betier 1ife? Ah, decisions, decisions!

Career decisions are so important that you need all the input
you can get before locking-in on one of them. Grantham Col-
lege of Engineering offers you one source of input which may
help you in making that decision. It's our free catalog.

Ask for our free catalog and you may be surprised to learn how
it is easily possible to earn a B.S. degree in electronics without
attending traditional classes. Since you are already in electronics |
(you are, aren’t you?), you can complete your B.S. degree work i
with Grantham while studying at home or at any convenient |

place.

But don’t expect to earn that degree without hard
work. Any degree that's worth your effort can’t be
had without giving effort to the task. And of course
it is what you learn in the process, as much as the
degree itself, that makes you stand out above the
crowd — that places you in an enviable position,
prestige-wise and financially.

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California, 90720

This booklet)

for
' | FREE
F. R E E 2 I- Booklet

cie
COUPON

This free booklet
explains the
Grantham B.5.
Degree Program.
offered by inde-
pendent study (o
those who work
in ¢lectronics.

paste on

and mail in
‘envelope or

Put Professional

KNOWLEDGE
and a

COLLEGE DEGREE

in your

-
e

! Electronics Career

through
HOME STUDY

Grantham offers this program, complete but with-
out laboratory, to electronics technicians whose
objectives are to upgrade their level of technical
employment.

Recognition and Quality Assurance

Grantham College of Engineering is accredited by
the Accrediting Commission of the National Home
Study Council, as a degree-granting institution.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many
foreign countries; about 80% of our students live in the
United States of America.

b m
I Grantham College of Engineering FR-02:86

| 13570 Humbeolt Street, Los Alamitos, CA 90720 |
|
|

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

: Name Age
= Address_

|
I Ci State Zip |
L_E________________L____J
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ROBOTICS

Robot brains

WE'VE TALKED ABOUT QUITE A FEW
things the past few months, in-
cluding putting together a
robotics lab, robot motion and
navigation, and last month we dis-
cussed, albeit briefly, the subject
of voice recognition. It's time now
to start putting those elements to-
gether—we need to give our robot
some brains.

Perhaps you're asking, “Do !
really need a computer to control
my robot?” You could build a cir-
cuit out of discrete logic compo-
nents that would allow your robot
to perform the task you had in
mind. But, as Hamlet said, that's
the rub. To change that task, you
would have to re-design and re-
solder. However, if you imple-
mented the control logic in soft-
ware, you could change your
design simply by keying in new
instructions. Given the advantages
of a software approach, there are
still quite a few hardware ques-
tions to be answered. So what
would be the composition of a
suitable robot-control computer?

Microprocessors

The heart of any home comput-
er is its microprocessor, and there
are a number of different micro-
processors to choose from. We
must pick ours carefully, accord-
ing to several criteria. The first is
power. All devices used in robot-
control circuits should be low
power, assuming that the robot is
to carry its power source (bat-
teries) with it.

There are two chief methods of
fabricating microprocessors:
NMOS and CMOS. NMOS Is the
elder of the two, and NMOS al-
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P, ]
JUMPERS
DEVICE | TveE | A B C O
37000 ROM | X X
17000 ROM X X
A118 RAM X
4802 RAM XX
4816 RAM X
4864 RAM X X
7716 EPROM | X X X
7764 EPAOM X X
»
G 1

most invariably draws more power
than the newer CMOS types. For
example, an NMOS5 Z80 can draw
as much as 150 mA of current at five
volts. Most microprocessors (8080,
Z80, 6800, 6502) were originally
built using NMOS technology, al-
though CMOS versions for many
of them were introduced later.
Bearing in mind the fact that the
microprocessor must be sup-
ported by a bevy of other power-
hungry components, hefore you
know It, your computer’s brain
could easlly require 1.5 amps of
power. A small motorcycle battery
would be necessary to keep a sys-
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tem with that sort of current drain
operational for an hour! And that
doesn’t include power for the
stepper motors!

It's easy to see why the industry
almost universally uses CMO$S mi-
croprocessors for portable com-
puters. Not all microprocessors
are available in CMOS yet, but the
Z80, 6809, B085A, 6502 and B086/8
types are, and Motorola‘’s 63000
will be soon.

The microprocessors men-
tioned above lead us to our next
design criteria: eight or sixteen
bits? (And 32 bits will soon be add-
ed to the “equation.”) There is no
clear-cut choice here. | have seen
several robots designed with 16-bit
microprocessors that should have
been designed with 8-bit devices.
Some people automatically as-
sume that a robot requires the
larger units, but that is not always
the case.

Another consideration is
whether the application demands
a full-blown multi-IC design. In
many cases a single-chip micro-.
processor will do the job. Single-
chip micros typically have 128
bytes of temporary memory and 16
input/output lines. | find single-
chip micros most useful as dedi-
cated sensor controllers. For ex-
ample, you could use one to
control your robot’s motors and
sensors, while the main processor
carried out the heavy-duty control
logic. Now let's look at the memo-
ry question in a bit more detail.

Memory

Once again your application will
determine how much RAM (Ran-
dom Access Memory), ROM (Read
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Only Memory) and EPROM (Erasa-
ble Programmable Read Only
Memory) you’ll need to provide.
RAM is used for storage of tempo-
rary data, and data picked up by
sensors; ROM and EPROM are
used to store the control program
and tables of data.

If you're new to this field, and if
you’re planning tobuild a research
robot that will not be obsolete be-
fore you get done building it, then
| suggest designing a “universal”
memory system. That type of sys-
tem is possible because there are,
nowadays, RAM's, ROM’s, and
EPROM's that have almost identi-
cal pin-outs.

The circuit depicted in Fig. 1-a
shows how a single 28-pin socket
can be used to house several dif-
ferent types of memory IC’s, and
several different devices of each
type. The table in Fig. 1-b shows
how points A, B, C, and D in the
circuit should be jumpered for
each type of memory device. If
you're interested in learning more
about that subject, drop me aline.
Ill send you a reprint of an applica-
tions note that discusses the sub-
ject in depth.

Ins and outs

Robot i/Q (Input/Cutput) is, by
far, the most involved decision.
Depending on the sensors and
motors in your system, /O circuits
can become quite complex. It will
simplify matters if you use stan-
dard 1/0 schemes (like RS-232C)
for communicating with pe-
ripherals or dedicated sensor con-
trollers, like those mentioned
above. There are many products
on the market that communicate
via R5-232C lines, and it’s easy to
interface your own devices via
RS-232C.

Buy or build?

Whether you should buy a pre-
assembled control computer or
build your own also depends on
the application. But if you think
there's a chance that a pre-as-
sembled unitwill do the job, you’ll
save yourself a lot of hair-pulling
by buying, rather than building.

Based on what I've said above,
the specifications of an ideal
robot-control computer might in-
clude a CMOS microprocessor,
plenty of meniory, standard 1/Q

channels, and battery operation.
Suppose | told you that you could
buy an off-the-shelf device with a
CMOS 8085A, 8K of battery-
backed-up RAM (which is expan-
dable to 32K), a real-time clock/cal-
endar, an RS-232C port, a Cen-
tronics parallel port, a bar-code
reader input, a full 60-key alpha-
numeric keyboard, and a forty-
character by eight-line LCD dis-
play, all packaged in a case that
measures about 8 X 11 inches?
That machine also has, built-in, a
special version of Microsoft BASIC
that supports all the 1/O devices—
and interrupts! You can burn your
BASIC program into an EPROM
and plug it into the ROM expan-
sion sockel that is provided. If you
have an exotic /O in mind, the
entire system busis also available.
The complete computer costs
less than $350.00. If you haven’t
guessed what it is by now, you'll
have to wait till next month. I'll
have several interesting surprises
then for those who choose to use
that “mystery” computer for robot
development. R-E

Learn micro-processing with the new

MICRO-PROFESSOR 1P

Scudenis, engineers or technicians—
upgrade your micro-processing akills
with the new Micro-Professor 1P,

The MPE-1P features:

* extensive software support

* more built-in memory

* improved keyboard

® larger display
Three wueorial guides help cover all
capabilities. The ideal training rool!
MPF-IP will deliver you into the growing

| world of micro-processing. [nvest nowl

| Full money back guarantee.

Plus-FREE GIFT O~ $199.95

[J Chech thin box for FREE

I-80 Microproceuor
Programming and
ILnterfacing textbook when
you r within 7 duyy. Oepl. REQ28B6
$I12.9% value. Includc 5326 %h Ave NE.
:’ﬂh 1 o Scaiile. WA 98105-3617
of immediate action call TOLL FREE:
1-800-426-1044
I
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CIRCLE 111 ON FREE INFORMATION CARD
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The return of diversity reception

SOMEONE ONCE SAID THAT “HISTORY
always repeats itself;” well, the
same thing seems to be true of
electronics. That is, some ldea
from a bygone era is brought back
and touted as the cutting edge of
technology. The latest idea to be
reborn is diversity reception.

Diversity reception is a means
whereby we’re able to compen-
sate for the apparent loss of signal
strength caused by changes in the
polarization of an electromagnetic
(RF or radio) wave, rather than by
loss of the signal itself. Often, be-
cause of changes in a signal’s po-
larization, we can’t receive the
signal even though we‘re using a
decent receiver.

Using such techniques, a wire-
less microphone, forexample, can
be received equally well whether
its antenna is horizontally or ver-
tically positioned. No longer need
reception suffer if a rock star were
to literally crawl along the floor at
the fringe of a receiver’s reception
range. While to many the concept
is new, diversity reception in non-
laboratory equipment goes back a
ways.

While diversity reception has
been around from at least the late
192('s (AT&T began using it then
for their transoceanic circuits), |
first came across it in some WWII
surplus Navy receivers. But that
was during the vacuum tube era,
and the hardware necessary for di-
versity reception was larger than
your average office desk. In fact,
that diversity receiver could be
used as a boat anchor for a small
freighter. Today, the whoie circuit
isn’t much larger than your
thumb.

HERB FRIEDMAN

COMMUNICATIONS EDITOR
HORIZONTAL
ANTENNA
[ ELECTRONIL
SWITCH
TUNER | --—ooﬁ IF AMPLIFIER
SPKA
VERTICAL
ANTENNA
TUNER

.

| comparaTOR

DC CONTROL VOLTAGE

HG.1

The importance of polarization

The polarization of an elec-
tromagnetic wave starts off in the
same plane as the antenna, and
maximum energy is obtained
when the receiving antenna is in
the same plane as the received
wave. Unfortunately, many things
can affect the polarization of a sig-
nal after it leaves the transmitting
antenna. And the higher the fre-
quency, the greater the effect on
polarization and reception.

Most of us are familiar with sig-
nal polarization through experi-
ence with antennas for the
reception of. FM broadcasts. If the
FM station's transmitting antenna
is one of the older horizontal de-
signs {not circular) and the receiv-
ing antenna is rotated from
horizontal to vertical, you can ac-
tually see the reading on a signal-
strength meter decCrease as the an-
tenna is adjusted. At 90-degree ro-
tation, you'd iose the signal, or it
would be so weakened as to be
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useless. In other words, the signal
polarity would be wrong for the
receiving antenna.

Normally, the forces that affect
the polarization of RF after it leaves
the antenna are most severe in the
HF range between 6 and 30 MHz.
Skips and bending can change the
polarization of a signal; thus, what
started out as horizontal polariza-
tion in Europe can arrive here al-
most vertical.

Depending on the frequency,
the time of day, condition of the
electrical bands circling the earth,
etc., polarization changes can oc-
cur over a period of only a few
seconds. The signal that you think
is fading in and out may really be
rock steady in strength, but rotat-
ing somewhere between horizon-
tal and vertical polarization.

How it works
A simplified block diagram of
how diversity reception works is
continued on page 102
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.paceselter in Amateur radio

All-mode receiver.

» Covers 150 kHz—30 MHz in 30 bands

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

» Dhgital VFO's. 50-Hz, 500-Hz or 5-kHz
steps. F. LOCK swaitch.

* Ten memones store frequency. band, and
mode data. Each memory may be tuned
as avFo

» Lithium batt. memory back-up.

* Memory scan.

* Programmable band scan.

* Fluorescent lube digital display of
frequency (100 Hz resoclution) or time

» Dual 24-hour quarz clocks. with timer.

* Three built-in 1F fiters wilh NARROW/WIDE |8

selector switch. (CW filter optional.}
* Squeich Circuit, all mode, bullt-in
* Noise blanker built-in
= | arge front mounted speaker.
* RF step attenuator. (0-10-20-30 dB.}
* AGC switch. (Slow-Fast)
**5” meter. with $INPO scale.
« High and low impedance aniénna
terminals
» 100/1201220/240 VAC operation.
+« RECORD oulput jack.
* Timer REMOTE output (not for AC power).
= Muting terminals

[

R'1000 High perormance receiver = 200
kHz-30 MHz in 30 bands  AM, CW, SSB* 3 IF
fiters = noise blanker » RF attenuator = S-meter

= 120-240 YAC » muling terminals = built-In speaker
= dizital display/Clocklimer

R'SOO General Coverag® recenver ® 450
kHz-30 MHz In 30 bands = AM, CW, SSB « IF fiters
» naise blanker = RF attenuator = S-meter with
SINPO scale » frent mounted speaker » 3 antenna
inputs » 100-240 VAC operation » record jack

= muting terminals « digital display

Specihcalions and Prices subjec! 10 change withoul nolice 0 QLGaton.

CIRCLE 102 ON FREE INFORMATION CARD

Optional accessories:

« VC-10 VHF converter for R-2000 covers
118-174 MHz

= ¥G-455C 500 Hz CW fitter for R-2000

» HS-4 Headphones

* HS-5 Deluxe headphones

» H5~6 Lightweight headphones

* H5-7 Micro headphones

» DCK-1 DC cable kit for 138 VDC operation
« AL+2 Lightning and static arrester

* Service manuals are available for all
receivers and most accessories.

Additional information on Kenwood all-bang
recervers s avallable from authofized dealers.

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
111 Wesl Walnut Sireet
Compton. California 60220
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toadband dweclional couples, me-
chanlcal realizatron of selscted trans
mission lines, CAD, CAM and CAT, char-
acteristics of ampiifeers and osciflators,
npise, stalisiical thermodynamics and
PN junction theory.

583044.2 Pub Pr,, 54750 Ched Pr. $3550
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3B 3 pp., itus. This comprehensive val-
ume prepares you ko aciually design HF,
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COMMUNICATIONS CORNER

continued from page 96

shown in Fig. 1. The idea behind
the scherme shown there is to track
the polarization of the received
signal and automatically switch an-
tennas to maintain the maximum
possible signal strength. Basically,
as is shown, we have two indepen-
dent tuners, each having two cut-
puts; an RF output that connects
to an electronic switch whose out-
put feeds the receiver's IF ampli-
fier, and a control voltage that is
proportional to the received signal
strength.

One tuner is connected to a
horizontally polarized antenna,
the other to a vertically polarized
antenna. The control voltages are
fed to a comparator that controls
the electronlc switch. When the
received signal from the horizon-
tal tuner is stronger than that of
the vertical tuner, the horizontal
control voltage is proportionately
larger. That forces the electronic

switch to connect the horizontal
tuner to the IF amplifier. When the
signal from the vertical tuner is the
stronger one, the reverse is true,

if anything causes the received
signal’s polarization to rotate, the
signal fades out on the horizontal
tuner, causing the control voltage
to fall. In the meantime, the signal
received by the vertical antenna/
tuner increases, thereby, increas-
ing the vertical tuner’s control volt-
age. At some preset level, the
control voltage causes the elec-
tronic switch to “flip,” connecting
the vertical tuner to the IF ampli-
fier.

The receiver continuously tracks
the control voltages from the tun-
ers, and selects the one that pro-
duces the maximum received
signal, To prevent flutter caused by
rapid and unnecessarily frequent
switching between tuners, there's
a hysteresis range of control-volt-
age/signal-strength values within
which the receiver will not switch.
Of course, if signal fading is
caused by an actual reduction in
received signal strength regardless

of polarization, the receiver stays
with the tuner that produces the
higher contro! voltage.

As you might expect, a lot of
hardware goes into diversity re-
ception because it requires what is
essentially two receivers, an elec-
tronic switch, comparison ampli-
fiers, and lots of “witchcraft” to
maintain the adjustments. Vac-
uum tubes made the system too
bulky, expensive, and fussy to be
used in consumer and con-
ventional communications equip-
ment.

But solid state is something else.
Two limited-range tuners require
very little in the way of compo-
nents, and the whole comparator
and switcher can be puton asingle
integrated circuit. In terms of extra
costs, we're talking about pennies
instead of hundreds of dollars.
And now that a new generation of
engineers have re-discovered di-
versity reception, the question is:
Which manufacturer will be the
first to produce a mass-marketed,
all-band diversity receiver priced
at under $100¢ R-E
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SATELLITETY

C-band DBS?

LAST MONTH WE LOOKEQ AT THE REA-
soning behind the FCC's 1979 deci-
sion (o create a special DBS, or
Direct Broadcast Satellile, TV ser-
vice on the Ku band. We came to
the realization that, for DBS to
work with one- to three-foot dish-
es, high-powered transponders
are required.

However, there are difficult
technical problems with increas-
ing transmitter power on the Ky
band at this time, so those inler-
ested in DBS have begun looking
elsewhere: the C band. The prob-
lem with the C band is that max-
imum power is limited to about 10
watts. And that maximum is lim-
ited by regulation, not by tech-
nology. So we are no closer to
realizing a worldwide DBS service
than we were in 1979, when that
service was envisioned.

At present there are about 1.3
million US and Canadian homes
equipped with C-band TVRO’s.
And that number is growing by
aboul “-million per year. So, by
1990, there will be C-band TVRO's
serving no less than 5% of all U.5.
homes.

However, there are limits 1o
TVRO growth, given current—and
foreseeable—technology. And the
main thing limiting that growth is
dish size. Current 6-10 foot dish
antennas are unsightly and im-
practical. If antennas were small-
er—say 2 or 3 feet—a far greater
number of homes could receive C-
band signals.

You might think that additional
performance could be squeezed
from another part of the system.
But antenna gain and feed effi-
ciency have been maximized for
now. Clever receiver circuits that

=
FIG. 1

trade sensitivity for picture quality
(like the so-called “threshold ex-
tension systems”) have shown that
you can improve small-dish sys-
tems, but that those improve-
ments are marginal.

In short, for all practical pur-
poses, we're at the slate of the

TVRO dealer “Starter KIt*
avaitabie

Bob Coopers CSD Magazine has ar-
ranged wih a number of TVRO equip-
ment supphers to provide a single-
package ol matenal thal wi! help Intro-
duce youlo the world of TVRO dealershup,
A short booklet wnnten by Bob Cooper
descrbas the start-up pittalls 1o be avoid-
ed by any would-be TVROC dealer, in adgdi-
tlon, product data and prcing sheets from
prominent supptiers in the feld ara In-
cluded, That package of matenalis free of
charge and s supphed lo irms of individu-
als in the elecionics senice business as
an introduction to the 1983 BS world of
seling TVRO systems retail.

You may obtatn your TVRO Deaier
Starter Kit free of charge by writing on
company letternead. or by enclosing a
business card with your request Addrass
your inquines lo. TVRO STARTER KiT,
PO. Box 100858, Fort Laudergaie, FL
33310 That knt pert available 10 indnaduais
not /mvolved in some form of electrorucs
sales and sanvice.

BOB COOPER, IR.
SATELLITE TV EDITOR

art—on the receiving end. Soif an-
tenna size is going to decrease,
and if picture quality is going to
increase, the transmitting end of
the system will have to change. In
short, we've got to give our C-
band satellites greater power.

C-band power was originally
limited in order to prevent inter-
ference to terrestrial microwave
circuits. The fear, or threat, of such
interference may have been justi-
fied. But as we saw last month, the
possibility that a satellite some
22,000 miles from the earth could
interfere with line-of-sight ter-
restrial telephone communication
is miniscule.

C-band DBS

Let’s forget regulations for a
minute, and ask a technical ques-
tion: could a 50-watt transmitter
do the job on the C band? The
Russian Gorizont satellite has had
50-watt transmitters for nearly five
years. The three-foot dish shown
in Fig. 1 operates in Motala, Swe-
den. and it receives signals from
the Russian satellite perfectly.

We need create no new tech-
nology to increase our present C-
band birds to the 50-wat1 power
level—the technology is here, and
it has been proven to work. For
example, RCA's Kul and Ku2 satel-
lites both have sixteen 45-watt
transponders on board. And Swe-
den has shown us that small dishes
function very well with a 50-warut C-
band transmitter.

| suggest, and | am hardly alone
with this suggestion, that the time
is at hand to abolish the 20-year-
old engineering constraints that
deny us C-band DBS service. That
might happen in several ways:
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& After initial opposition, the ter-
restrial telephone companies
might simply accept the fact that
power tevels greater than 1) watts
won’t cause interference to their
services.

® Alternatively, present frequency
assignments (which, in any case,
offset satellite channels from ter-
restrial channels by 10 MHz) could
be modified to eliminate the al-
ready-remote possibility of inter-
ference.

® Further, the dithering technique
that all satellite broadcasters cur-
rently use could be further modi-
fied to reduce the possibility of in-
terference.

® |ast, perhaps only a segment of
the sky, say 70 west to 110 west,
might be used by high-power C-
band birds.

By implementing one or more of
the above suggestions, C-band
DBS would explode into a service
offering dozens, perhaps hun-
dreds, of channels nationwide. If
that were to happen, the potential
market could increase tenfold, or
more! R-E

LETTERS

continued from page 22

Also, I'm not an experienced de-
signer, but it appears to me that
transistors Q2, Q4, Q6, and Q8 are
intended to protect the output
transistors. With R9, R18, R27, and
R37 at 4.7 ohms, as stated in the
article, the protection devices will
turn on at about 125-150 mA of out-
put current.

As long as the output devices
could handle at least that much
current, the current-handling ca-
pability of the output devices
wouldn’t have any effect on the
turn=on point of the protection de-
vices. According to my calcula-
tions, for an output-current of 2
amps, resistors R9, R18, R27, R37
would have to be changed to
about 0.3-0.4 ohms at 2 watts.
KARL REEBENACKER
Franklin, MA

Mr. Reebenacker is essentially
correct. To increase oulput current
to 2 amps, the transformer’s rating

will have to be increased accord-
ingly. The four resistors (R9, R18,
R27, R37) should be changed to
0.271) at 3 watts. In addition to
that, the values of the four output
capacitors should be increased to
1000 nF each. Last, you should also
replace the 2N3766 with a 2N6057,
and the 2N3740 with a 2N6050.—
Vaughn D. Martin R-E
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4 So You're Going to Buy A Monitor...
Read this article before you g0 shopping. Amed with this
information you can save a ot of time and money. Herb Friedman

7 Computer Speaker Enclosure Design
The conclusion of the story begun last month on using your
computer 1o help design enclosures. Michael and Robert Raleigh
9 Build The Grafex-32
This hi-res adapter board for your Apple Il will make a big
difference. Here'’s the first of a three-part article, Ray Dahlby
3 Lletters

3 Computer Products
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M. Harvey Gemsback

Heath's new Model HYM-122A 1s a 12-inch amber monochrome President: Larry Steckler

monitor with excellent definition for 40 or 80 Characters, What's
more, You can drop the cost of this unit to well-under $100 by g?;E;Z'CSJIZG SALES 212-777-6400
assembling it yourself from the kit. You'll find that for most non- Bl

color applications, such & word processing, you get better IS

definition with a monochrome monitor. $o if you're thinking of

going monochrome, or changing to amber, take a 1ong, hard ook at smg:?ﬁ:n \
this unit, and see page 4, Radio-Electronics
200 Park Ave. South

New York, NY 10003

COMING NEXT MONTH =

Ralph Bergen
Look for an intriguing application for the Commaodore light pen as a Radio-Electronics
frequency counter If you've got amy questions about printers, you'll 540 Frontage Road—Suite 395
surely find an answer in the printer wtonal we'll be running next Northfieid, Hlinois 60093
month. We'll also be offering part two of the three-part article on 319-446-1444
the Grafex-32, begun in this issue.
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Mountain States
= Marvin Green
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LETTERS

Glitch!

1 built the circuit for the Write-
Protect Notch By-Pass articie in
your July ‘85 Issue. | found bwo
small errors in figure 2, the
schematic diagram. Capacitor C4'
polarity should be reversed so the
positive lead connects to pin 2 of
IC1. Also, the |ead from the
Junction of 1C1 pin 2 and C1, to
one side of 52 should be
connected to the junction of 1C)
pins 1, 8 and C1 instead. With the
corrected circuit, | was able to
load the program and saved it to 8
write-protected diskette.

AF,
Somerset, Bermuda.

Thank you. We appreciste your
help and hope we didn't cause

you too much trouble.

CP/M vs MS/DOS

When VCR'S became popular, |
held off until | could see whether
Beta or YHS was g0ing to
dominate. |'ve been holding off on
buying a computer for the same
reasons, waiting to see if | should
g0 with CP/M or MS/DOS, but
there doesn't seem to be any
resolution. What should | do?
(€. [0,
Reno, NV,

Buy We now have interface
devices that can make any System
compatible with any other 50
stop denying yourself Remember
when Raiph Kramden refused to

buy 3 TV set because he was
wiaiting for 3-D TV?

Dealer’s Choice

| knowy you select the articles for
each issue from those that various
authors submit. But if you could
have 8 choice, what would you
look for?
S K,
Taos, N,

Thanks for asking, 5.X. Right now
we re scrambling for—believe it or
nNOt—SHORT articles to fill one or
two pages in the magazine!
Everything we seem (o have now
has to be seridlized over two or
three issues. The subject matter is
wide open, but we prefer well-
written construction projects. 4P

COMPUTER PRODUCTS

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

INVOICING SYSTEM, the
Supershipper integrates all the ele-
ments iIvolved: it is Capable of
handling Customer-account lists, and
product and price Ii5ts, a5 well as
printing invoices, labels, and COD.
tags

The Supershipper 15 avaiabie for the
Commodore 64, The program retails
for $99.95 —Progressive Penpherals &

Software, inc., 2186 South Holly, Den-
ver, CO 802290

BAR CODE READER SYSTEM, the
model PSRIS0, can be used in either of
two basic modes. The on kne moge is
as a fixed bar code decoder, which
will decode bar code information and
send it directly to your system. In the
stordge mode, the unit is & hand-held
portable storage device that qoes
anywhere for collecting data and infor-
mation at the source, thus elminating
pad and pencil. The stored data can
then be transmitted directly to your
system, also eliminating the need to
key information into the system. An-
other feature ks the scan-pad manual
mode. In that mode, individual charac-
ters may be scanned from the bar-
coded scan pad to form a record. That
record can then be sent in the on-line
mode o stored in the store mode by
scanmng the "Enter” bar code on the
scan-pad.

The stanciard unit of the model
PSET50 comes with features such as
stalniess steel pen, 32-character ICD
display, Nicad or alkaline batteries, bar-

e omoee
i wt oM
it el W 4
1141 Ml 1

IE A ]
[

CIRCLE 12 ON FREE INFORMATIIN CARD

code keyboard, and senal interface,
and is priced at under $300.00. The
model PSRISG is also availabie with
64KB RAM, at 3 prce of under
$1000.00.—Dygitromcs Drvision, Com-
tec information Systems, Inc, 53 John
Street, Cumberland, R 02864, D
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SO YOU'RE GOING

TO BUY A

MONITOR...

What you need to know before you shop.

Herb Friedman

mThere are probably as many reasons for buying a
monitor as there are for buying a computer. Maybe you
just haven't got one, and have been using a television
receiver The kids want the TV back, and it'’s either buy
them a new TV set or g0 out and do what you shouid
have done in the first place—8uy a monitor

Or maytre you've got an old green screen jobbie,
and want to try one of the newer easy-on-the-eyes
amber screen units. Or maybe when you first shucked
out the bucks for your computer, you couldn't see the
extra cost for a color monitor and settled for a
monachrome—for now—wath all that Chnstmas loot
buming a hole in your pocket, maybe “now” is "now.”

Whatever you've got in mind for that new monitor,
you'd better be amed wath sorme facts when you go
shopping. You'd better be prepared for the salesman’s
jargon, you'd better know what he's talking about when
he starts throwing technicalities at you, and you'd also
better be prepared for some of the “on-the-spot”
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FIG. 1a—THE COMPOQSITE VIDEQ output from monachrome
personal computers uses the same NTSC format used for
broadcast TV.
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decisions you're probably gong to have to make,

The very-worst thing that can happen if you aren't
properly pre-educated, is that you're going to make &
wrong purchase. We don't want that to happen, and
neither do you. We couldn't possibly send one of our
experts along with you on your shopping tnp, so we
did the rext best thing Here it is:

Selecting a computer monitor used to e easy Most
computer stores stocked only monochrome or CGlor.
Today, the terms “monochrome” and “color” are
meaningtess because there are different models within
€ach category, many are mutually exclusive in that they
will not function with signals intencled for another kind
of monitor,

As a general rule, monochrome monitors present few
problerms other than the signal connection; except for
the IBm-type monochrome monitor all emplay what is
catled a compaosite video input. *Composite” means
the video signal contains both the video and sync
signals, such as the NTSC waveform shown in Figure 1a;
the same kind of signal used for conventional
broadcast Black & White TV. Any TV set or composite
TV monitor can be used for a computer as long as it
can resolve the required detail. Since a compesite

-r
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- = WHITE
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] 1 1
HORIZOMNTAL
BLANKING

FtG. 1b—COLOR COMPUTERS slmply superimpose a color
bursl on the back parch of the vertical sync. The monttor
integrates the color burst with the video signai to create a
color display. Without the color burst & color monitor would
create a monochrome display.
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video signal can be camied on a single shielded wire,
the video input connector for those composite
monitors specifically intended for personal computers
is usually a "phono” jack, though some manufacturers
have used unusual connectors which require an
expensive “adapter cable.” (The more rugged UHF and
BNC connectors are generally used on monitors
primarily intended for closed circuit TV.)

The resolution of @ monochrome monitor is usually
not 8 problem because the frequency response of the
monitor serves as an indicator of what to expect. The
conventional bandwidth of approximatety 6-8 MHZ
used for ciosed circuit TV monitors can resolve up to
40 characters per ling, possibly 50 characters, A 60
character line requires about 8-12 MHz, a sharp 80
Character line takes from 14 to 22 MHz Or greater.

Most important, @ composite monochrome monitor
can be used for both monochrome and composite
color signals. It simply ignores the color burst, which,
as shown in Figure 10 is the same as the composite
monochrome signal shown in Figure 1a.

Until the introduction of the [BM-PC, composite
wvideo was the standard signal for persenal computers.
Cne of the few attempts to avold using conventional
composite video (especially for monochrome display)
was the Osborme computer. Aftermarket vendors
immediatety introcduced composite adapters because
non-COMPOosite MOoNitors was an idea whose time had
not yet come. At its best it was a hinderence to
convenient use of the computer,

1t was I1Bm that really created the use of non-
composite menitors for personal computers, When the
IBM-PC was first introduced considerable sales effort
went into convinCing the buyer that the composite
color output could not be used for monochrome
dispiays. This, of course, was sheer nonsense, meant to
sell an expensive monochrome adapter and a special,
expensive monitor Since no one eise was selling “IBm-
type” monochrome monitors IBM had the market to
themselves because no other menochrome monitor
would work with IBM's monochrome adapter signals.

VIDED
COMPUTER INTENSITY =
MONOCHROME ¥ DRIVE mhl:gﬁn%?lm
oUTPUT 5
H DAIVE ~

FIG. 2—A COMPUTER WITH an IBM-type monochrome outpul
provides individual TTL signals (non-NTSC) lor the video
component, inlensity, and the vertical and horizontal drive.
The monitor integrales the tour signals inlo a screen display.

Figure 2 shows how the 1BM-type monochrome
computer output differs from conventional single-
ended composite video. The multi-terminal IBM-type
output connector provides separate TTL signals for
video, intensity, and horizontal and vertical drive: The
signals are converted into a video display within the
monitor Obviously, the BM-type monochrome signals
cannot be used to drive a conventional composite
monitor But because conventional composite video
i5n't used it’s possible to employ non-NTSC vertical

RED
GREEN -
COMPUTER BLUE 68
&?rl-&lT INTENSITY s Mcigulﬁgﬂ
V DAIVE
H CRIVE

FIG. 3—AN RGB COLOR SiGNAL is aiso non-NTSC and TTL.
Each of Ihe three primary colors is provided as a separate
signal along wilh the intensity and vertical and horizontai
drive signais. Like the TTL monochrome monlior, the RGB
moniior integrates the separale signais inlo a compiete coior
display,

ang horizontal sweep rates. |BM-type monochrome
monitors empioy a honzontal sweep of 18 KHz rather
than the NTSC rate of 15 KHz, which in combination
with a bandwidth of 16MHz results in a display having
greater resolution than a conventional monitor

Color monitors

Color monitors are available in two configurations,
known as composite and RGB. in basic terms, the
composite produces color displays by processing the
compasite video and the color burst. (if the color burst
is eliminated from the computer’s signal the video will
be displayed in monochrome on both monochrome
and color monitors, for without the color burst from the
compatter 8 color Monitor cannot create color). As a
general nule, almost ary hue of any intensity can be
displaved by a composite monitor; ary limitation on
the display of a particular hue is more a function of the
computer than the monitor

Unlike composite video which is an analog signal
even if the information it carmries is derived digitally, RGB
signals are digital representations of the instartaneous
color and intensity values of a single picture element.
Like the IBM-type monochrome dispiays, RGB color
monitors work with TTL signal levels, only nowv there are
indrvidual digital signals for RED, GREEN, BLUE,
INTENSITY, and the vertical and horizontal drive. The
signals from the computer, shown in Figure 3, are
processed within the RGB monitor to produce a color
display capable of the 16 colors shown in Figure 4.
Normnally, just the three RGB signals can produce the 8
colors indicated with an asterisk; the additional 8 are
made possible Ly integrating the Intensity signal with
the RGB signals.

RGB COLOR DISPLAY

Basic color Inlensified color
* Black Dark grey
* Blue Light biue
* Green Light green
* Cyan Light cyan
* Red Light red
° Magenta Light magenta
Brown * Yellow
° White Intensitied (super) white

° Indicates conventional pre IBM-PC basic color rainbow.

FIG. 4—A4 MODERN RGB MONITOR Lhal is IBM-compatible
will produce 16 colors including brown. Belore the introduc-
tion of the IBM-PC, RGB monitors produced yellow instead of
brown, and some RGB monilors could only produce Lhe eight
colors indlcated with an asterisk {***”).
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FIG. 50—USING A MONOCHROME MONITOR with a color
signal intended for an RGB monitor usually results in excess
“galn" and considerable loss of detail in both the graphics
and taxt characters.

Presently, all conventional RGB monitors create 16
colors from conventional personal computer Signals.
Unfortunatety; some early monitors, a few of which
occasionally surface in the surplus market, do not
process the intensity signal and provide only 8 colors.
It's not that the color table shown in Figure 4 is different
from the earlier and conventional RGB colors in that the
yellow is not part of the basic 8 colors derived form
RED, GREEN and BLUE. In a conventional 8-color
nrinbow there is no brown: The position occupied by
brown in Figure 4 is nomally yellow. Unfortunately,
although the intensity signal produces lighter versions
of seven of the original 8 colors—thereby also
producing a legditimate grey and an intense or “super
white” (which is actually close to, or equal to the
maximum screen brightness)—lighter yellow is still
yellow: Also, the lack of brown sharply limits graphic
artwork. To make the 16 color rainbow more applicable
to “natural"graphics, IBM substituted brown for the
basic yellow, and provided yellow in the intensified
rainbow; Although brown came into common use with
the IBM personal computers, it is now considered
“standard” because most personal computer
equipment attempts to be IBM-compatible.

Monochrome from RGEB
While it is usually possible to use a mononchrome

F1G. Sb—BUT WHEN PROCESSED by a Video Enhancer an
RGB color signal can look quite good on & monochrome
monltor because the device converts each color to anindivid-
ual shade of grey.

6 ComputerDigest — FEBRUARY 1986

monitor with a Composite Color output, programs
specifically witten for an RGB color output often
produce littie more than "garbage”™ on a monochrome
display even if the monitor’s signal source is a
composite color video output. For example, in
addition to the RGB color output the IBM Color/
Graphics Monitor Adapter and its aftermarket ciones
have a composite video output which can be used to
drive both composite color and composite
moncchrome monitors. If the computer is told to
operate in the monochrome mode it will convert a
color display to composite video that can be viewed
on 8 monochreme monitor in two shades of
monochrome: nomal and highlight. if the program 1s
self-booting so that the computer outputs only for RGB
the composite video will contain “grainy “characters
and missing graphic elements.

By usirg a device known as a Video Enhancer
(Power-R, Inc., 4016 Interlake N., Seattle, WA 981031)
the RGB, intensity and H & V drive signals are
converted into an "enhanced” composite monochrome
output having each of the 16 colors represented by a
discemable shade of grey The Video Enhancer is
actually buitt in a conventional 9-terminal D-connector,
the same kind nomally used for the RGB connector. it
derives it's power from the power terminal normally
provided on a Color/Monitor Adapter’s light pen
connector. The output cable of the device is
terminated in a conventional phono plug, which can
be connected to any conventional composite video
monitor.

Figure 5 shows how the Video Enhancer recombines
the individual RGB picture elements into a
monochromatic grey scale display. Figure 5a, which has
not been retouched, shows how the “rings of Satum”
from a Color/Graphics Monitor Adapter's color
composite output would appear on a monochrome
monitor: There is obviously much detail missing from
the graphic art, as well as from the text word
“NORMAL." Figure 5b shows how the very same
display appears on the same moncchrome monitor if
taken from the RGB output and processed by the
Video Enhancer. Notice that the rings of Satum are now
clearty visible in monochrome. Also, the text word
"ENHANCED" is now legible, the way it should really
appear on both monochrome and color monitors.

Match the monitor

As you can see, not only are the different types of
monitors and their signals mutually exclusive, but the
software can also determine the kind of monitor
needed. For example, while many users prefer a
monochrome monitor for word processing (because
the image is sharper), much graphics software and
software employing graphics intended for color
monitors simply doesn't provide a usable display on
monochrome monitors, although monochrome
software 1s almost never a problem when used with a:
color monitor. The best of both worlds when you
cannot afford an RGB color monitor is the Video
Enhancer because it provides usable displays from
both monochrome and Color software. <D
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COMPUTER-AIDED
DESIGN OF
LOUDSPEAKER
ENCLOSURES
PART li

Michael Raleigh and Robert Raleigh

This article, begun last month, is concluded here.
Figure 8 showvs the results of a computer experiment
which simulates putting this woofer in 8 ducted port.
The dimensions are provided in the figure The Curve
now shows a bump which extends the low-frequency
response. The experiment is carried further in Figure 9
which shows the effect of changing the tuning
condition of the enclosure by varying the duct fength.
On the basis of the results shown in Figure 9 an
enclosure was constructed with a .124 cubic meter
volume, a 0889 meter port radius, and a.229 meter
port length (3.5 inch radius, 9-inch length). The
agreement between the computer experiments and the
actual experiments was verified by comparing the
computed and measured admittances (Figure 10). The
measurements were made using the same apparatus, as
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FIG. 7—ACQUSTIC INTENSITY in watts/meler squared varsus
frequency for & .2 cubic meter infinite batfle enclosurae. A 3db
ditterence Is indicated for this graph and applies to all subse-
quent response curves.
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FIG. 8—COMPUTED RESPONSE of ducted port enclosure
constructed In design example. Paramaeters are listed above.
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FIG. 9—COMPUTED RESPONSE for design example with
varlous duct lengths. Other parameters same as Figure 8,
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=== EXPERIMENT
— SIMULATION

FIG. 10—MEASURED AND COMPUTER SIMULATED admit-
tance of enclosure built as design example, described in
Figure B. Magnitude of the maximum in the admittance which
occurs at approximately 40 Hz Is sensitlve to the amount of
damping n the port. Matching measured and Simulated max-
Ima provides a means of determining the damping in the port.
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FIG. 11—COMPUTED RESPONSE for the design example with
various amounts of damping in the port. Other parameters are
as given in Figure B,

shown in Figure 5, but with the woofer now in the
enclosure. To achieve best agreement, a small amount
of damping must be assumed in the port.

As a final computer expenment, we investigated the
effect of adding additional damping to the port (Figure
11). On the basis of these results, it was decided not to
increase the port darmping. It is our design philosophy
that frequency response takes precedence over
transient response. We have therefore made our choice
of damping based on this steady-state program result.

Infinite baffle enclosures are simulated by assuming a
very long, very narrow duct. (001 meter radius, 1000
meter length). A ported enclosure is simply a ducted
port enclosure with @ very short duct. In this case, 8
greater proportion of the effective mass of the ductis
due to the motion of air extemal to the duct. This effect
is included in the program however, 50 that 3 proper
simulation of a ported enclosure resuits from entering
the iength of the duct as the thickness of the speaker
faceplate. For example, a 1-inch thick faceplate implies
a duct length of 00254 meters. If a port or duct is not
round in cross section, the radius should be that which
gives the same area as the real port or duct,

Conclusion

Ve have shown but a few examples. The reader is
invited to systematicalty investigate the effects of
varying each woofer and enclosure parameter. This
program also provides an output—the admittance—
whereby the match between the program and the
actual loudspeaker may be verified. <D
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BUILD THE

GRAFEX-

PART 1

A 640 by 400 graphics adapter for the Apple Il.

Ray Dahiby

Dep't. 255

Box C-34069

Seattle, WA 98124-1069

aThe Apple II's graphics resolution of 280 by 192 pixels
can no longer be considered the “state of the art.” The
newer Apple Macintosh and Lisa computers display
their bit-mapped images from up to 32K bytes of
memary, over four times that used for display on the
Apple 1I.

ReCently, the avatlability of 64K dynamic RAM chips
and VLS! graphics controllers at reasonable prices has
made it feasible to expand the Apple lI's graphics
resolution using a simple plug-in Circuit board. The
Grafex-32 circuit board uses four 16K by 4 bit RAM
chips along with a 72920 graphics controller to display
32K bytes of memory as a bit-map of 640 by 400
pixels. The board can be expanded to 128K bytes by
piugging in 64K by 4 bit RAM chips and three such
boards can be installed in 8 system to provide the red,
green, and blue signals for color graphics displays.

Qur design tradeoffs favor circuit simplicity with the
option of expansion later, over a complex design
incorporating features which might not have been used
by everyone. Although the basic circuit consists of just
20 chips, it displays a monochrome resolution of
256,000 pixels on a standard Apple Monitor. Since this
baseline performance exceeds the graphics resolution
of the Macintosh computes, | decided not to increase
the compiexity, and thus the cost, of the basic circuit
board and thereby provide hardware “hooks™ by which
the design can be upgraded by those users with higher
resolution or color requirements. This design
philosophy seems consistent with that of the Apple Il
itself.

The Apple i

The Apple I/le line owes much of its success to the
expandability afforded by its expansion slots. In the Six
of 50 years that this computer has been on the market,
hardware manufacturers have responded to the
challenge of filling those slots by developing products
to expand the machine and now;, with @ multitude of

add-on cards available, it is surprising to find an area
which has not been adeguately served.

One such area seems to be the expansion of the
Apple II's graphics resolution. Although a few Cards
were produced to add sprite-onented graphics and
luminance attributes to the Apple Il, these did not
significantly inCrease the number of pixels on the
screen. Part of this lapse can probably be atributed to
the intfroduction of the 1.B.M PC which has distracted
the focus of third-party hardware manufacturers at a
time when V15! graphics chips and cheap memory
make Apple Il graphiCs expansion an easy matter

The Apple 1l ine can benefit from new grRphICS
technology in other ways than increased screen
resolution. The video design used in the Apple Il maps
the display memory into the 6502 miCro-processor’s
address space in a technique called “memory-mapped
video.” This was a good choice at the time because it
allowed the 6502 full access to the screen memory
using all memory reference instructions and addressing
modes just as if it were addressing normal System RAM.
In fact, if the high resclution screens are not used, the
memory space allocated to them can be used for
program and data storage. The design of the Apple |l
imits the graphics resolution for a least two reasons,
one being the restricted bandwidth of the home color
teievistons it was assumed that Apple owners would
be using as their display devices. A second reason is
limited amount of memory space which can be
addressed by the Apple’s 6502 microprocessor This
chip has 16 address lines which allows it to address
onty 65,536 bytes so a memory-mapped video design
using half of this precicus space just would not have
been practical.

Memory-mapped video design is not limited to low
resolution graphics as evidenced by the newer Apple
Macintash and Lisa machines. The 68000
MICroprocessor used in these computers has a 24-bit
address bus and can directly address more than 16M
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bytes of systemn memory. A l1arge graphics RAM
mapped into this address space does not represent a
significant fraction of the total available for program
ang data storage.

The answer to improving the Apple s graphics
resolution without using up all of its memory is to keep
the graphics RAM separate from the system RAM. The
6502 won't be abie to directly access to display RAM
but there are new chips optimized for managing large
bit-mapped memones. The 6502 actually benefits from
the increased program available by not having part of
its system RAM allocated to graphics.

The 7220 GDC

The 7220 GDC (Graphics Display Controller) from
NEC 15 designed to handle the repetitive tasks required
in figure, line, and character drawing on a raster scan
CRT. Unlike previous CRT controller ¢hips such as the
Matorola 6845 whose tasks were limited to display
refresh and video synchronization. The 7220 has an
instruction set which enables it to read, medify, and
write data in the display memory. Positioned between
the system microprocessor bus and the display
memory, it responds to instructions passed to it and
draws figures without processor intervention. Since the
GDC can handle much of the repetitive pixel drawing
and modification tasks, the bandwidth requirement of
the microprocessod/display memeory path is greatly
reduced. Most of the data sent from the

microprocessor during vector and geometric shape
drawing will be in the form of commands and
parameters sent directly to the GDC which then
interprets them into pixel-level operations to be carried
out over the high-bandwidth GDC/display memory
path. Its pipelined architecture is optimized for such
graphics manipulation and it handles these tasks with
great speed. For example, a 7220 running at a clock
frequency of 5 Mhz can draw a figure at the rate of 800
ns per pixel. This speed is independent of the type of
figure being drawn and 15 much faster than a general
PUrpOse MICroprocessor such as the 6502, handling
the same task.

The 7220 was chosen for this design because its 8
bit uP data bus interfaces nicely with the Apple’s 8 bit
6502 and its 16 bit video data bus and 18 bit video
address bus allows it to accomodate large bit-mapped
display memories without impinging on the iimited 16
bit addressing of the 6502. It also handles dynamic
RAM refresh and video sync generation. This part 1s
housed in a 40-pin ceramic package and is fabricated
in 3um NMOS. It encompasses the equivalent of over
13,000 transistors,

The display memory

The 7220 requires its display memory to be
organized in 16-bit words. The most common 64K
chynamic RAM chips, such as the 4164, are organized as
65,536 locations of 1 bit each so 16 of these parts are
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FIG. 1—-BLOCK DIAGRAM OF THE GRAFEX-32 should be used along with the schematic

diagram to help understand the theory of operatlon.
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FIG. 2—SCHEMATIC DIAGRAM is not difficult to follow if you take it step-by-step. Refer
to this while reading the text and you'll have an almost-immediate grasp of what s going
on from Input through oulputl
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required te assemble a 16-bit memory system. There is
ancther 64K RAM chip which is organized as 16,384
locations of 4 bits each. This part, designated the 4416,
is available from Texas Instruments, Inmos, and fujitsu,
among others. The 16 bit data bus requirement of a
7220 can be met using just four of these chips, thus
reducing powver dissipation and printed circuit board
complexity. The use of the 4416 actually helps to
reduce chip count further as it has a separate output
enable pin which can be used to tri-state its data lines.
This feature allows very tight coupling between the
display memeory and the 7220 which helps to sirmplify
PC. layout further,

Texas Instruments has recently announced the 4464
and NEC, the 41254, dynamic RAM chips which are
organized as 65,536 locations of four bits each. These
parts are housed in the same 18-pin package as the
4416 and allow easy system upgrades. The Grafex
circuit, for exarnple, has been designed to address the
additional memory provided by these parts and
expansion of the Grafex circuit from 32 Kbytes to 128
Kbytes is accomplished simply by replacing the 4
display RAM chips.

Circuit description

Referring to the block diagram of fFigure 1 and the
schematic of Figure 9, it can be seen that the Grafex
circuit can be broken down into five sections. These
sections are a) the uP bus interface, b) the 7990, c) the
display memory, d) the video output circuitry and €)
the timing generator

The 7220, IC1, communicates with the host
MICroprocessor over its eight bidirectional data lines.
ICH, A 7415245 is used to provide buffenng and IC2, a
741500 is used to convert the Apple’s R and DS
signals into the 8080-type RD and WR signals used by
the 7220. The Grafex Circuit uses four of the 16
addresses assigned to the peripheral sIot inwhich it is
installed in the Apple l. These addresses are used to
select the command and pararneter registers of the
7290 and to control the video changeover relay latch,
IC7. The addresses and their functions are listed in
Table 1 which will appear in a subsequent issue. The
reset line on the Apple bus is connected to this video
relay latch to force a default on power up to the Apple
wvideo signal.

The 7220 communicates with the display memory
over its 16 multiplexed address/data lines, latelled
ADO-AD1S on the block diagram. The CAS latch, 1C12,
a 7415374, is used o latch the high order 8 bits of
addresses and then to sequence them onto the 8 RAS/
CAS address lines of the display memory This is a
tight-Ccoupled design from the standpoint of data and
address multiplexing. The low address/data path from
the 7220 carries, In sequence, the row addresses,
column addresses, and finally, the low byte of display
memory data. The high byte of display memory data is
carried over a separate path directly to the 7920 ADS-
AD15 pins.

The dispiay memory, IC13-1C16, has @ multiplexed 8-
bit address bus and a 16-bit data I/Q with separate
output enable. Like other dynamic RAM arrays, the
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eight row address bits are first strobed into the on-chip
iatches, then the eight column address bits are
presented on the address hnes and finally, these are
strobed Into the memory. After access time
specifications have been met, the data is read during a
read cycle or written during a write cycle. The 4416
and 4464 parts have a separate output enable pin
which allows data to be read from the setected
address location but not presented on the output pins
until needed. This “G" pin allows a fast (40 ns) turn-on
of the output buffers to supply data to the extemal
circuit when needed later in the read cycle. In this
mannes, the eight row/colurnn address lines can serve
also as the low 8-bit data corridor 1o and from the
7990 and video shift register without the need for an
external tri-state buffer This kind of coupling facilitates
printed circuit board layout and improves reliability by
reducing the circuit interconnections.

The 16 bits of data read from the display memory are
presented to two B-bit parallel infserial out, shift
registers, IC17 and IC18. These 7415166 shifters serialize
the 16-bit data into a video bit stream which is clocked
at the 16 MHz dot-clock rate. The blanking, Hsync, and
Vsync signals from the 7220 are brought into line with
data by means of the 7415174, 1C12. It is loaded by the
same load/shift signal as are the shift registers.

The video-bit stream is gated with the 7220 blanking
signal by IC4 and then mixed with the composite sync
provided by exclusive-or gate ICS, The video amplifier,
consisting of Q1 and Q2 provides a standard 1 volt P-P
composite video signal into 75 ohms. This composite
video signal is routed to the video changeover relay, K1
and K2, which selects either the Grafex video or an
external input as the source for the video monitor,
When the Grafex board is installed m an Apple I, the
external input is normally connected to the Apple’s
video output connector and the changeover relays
output connected to the system video monitor
Alternatively, two monitors could be used to
simultaneously display Grafex and Apple video. The
video changeover reiay is software actuated and
defaults on reset to the extemnal input, allowing the
Apple systemn to be Operated normally after power up.
In this way, unless the Grafex board is specifically
addressed, a user need never be aware of its existence.

The tiring generator, compnsed of the 16 MH2
crystal and IC3, IC4, IC6, IC8, 1C9, 1C10, and 1C20
provides the various clock and control signals used in
the system. All timing is derived synchronousty from
the 16 MH2 clock. The timing generator has two modes
of operation depending on whether the 7220 is
executing & display cycle or a RMW, (read, modify,
write), cycle. These two types of cycles are
differentiated by the DBIN pin of the 7220. The 7220, in
tum, uses as its master clock, a 2 MHz signal labelled
2XwC k. This Clock, as its name implies, runs at twice
the display word rate and all intermal timing of the 7220
is derived from this signal since 16 pixels comprise one
16 bit word of dispiay memory, the 2Xwclk used in this
design is X 16X 65 ns = 500 ns or £ MH2.

That’s all the space for now. We'll continue this article
next month,
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How many of these questions
can you answer ?

) Every ¢ircuil has a beginning and an ending. Where does this
circult beglin 7

3 Speclficaily, what is the purpose of this circult 7

§ What turnsiton? What turns it off, or does h ever really tum off ?

1} Does this Circuit have a shut down feature ?  If s0, which com-
ponents are invotved 7

3} Wha! would happen H 0103 were ¢ become shorted E10 C?

3} What purpose does 2115 serve 7

7y What would happen if D114 became shorled ?

3) What purpose does C126 serve? What will happen il C126
becormes open ?

3) Is the winding between terminals 3 and 4 of the flypack a Primary
or a secondary winding ?

2 what purpose does C117 serve 7 Exactly what does it do. and
exactly how does il do it ?

1} Exaclly what do resistors R113, 114, 115, 116, and 117 do ?
What happens if they change value 7

2) What occurs thal causes this clreult to produce an initial start up
pulse ?

3) Why does 1hi$ entire circult become shorted and begin to desiroy
norz oulpul transis1ors if the regulator SCR hecomes shorted 7

3} There is exactly one safe and practical method of circumventing
this LV regulator circuit for tesl purposes. Thus technique does
not involve d variac. instead, you mus! disconnect one wire then
connect a jumper wire from terminal #4 directly to
Which wire do you disconnecl and where do you connect the
other end of your jumper wire 7

5 If SCR100 is shorted, this circuft will gtill “*eal” horiz cutput lran-
sistors even if you are using a varlac. Why ?

€) Why does this circuit use a floating ground 7

We publish a monthly magazine called the Techaician ! Shop Owners
Newsletter. Each month we 1ake a popular clréuit and absolutely
diasect It

Using ¢olor coded pictarial schematics such as the cne above, we
“'map oul™ every action in the overall sequence of events that must
take place during each and every CyCle.

Beginning with the very tirst “action” in the sequence {which jusi
happens to be depicted in the above Schematic) we explain exactly
what is laking place. We then explain the function of every component
in that portion of the circuit. Afer explaining the funclion of each com-

ponent, we show you how 1o troubleshoot that partiCular “*action’ ar
function,

After reading our newsletier on this circuit, you ¢ould answer all of the
above questions as fasl as anyone could ask them. In fact. you witt
then know everylhing there is 10 know abou! this circuil. InCluding how
10 troubleshoot it 11

Regardiess of whether you work on TV sels, stereos. radios o
computers, jus!t having the abifily 10 “diasect” an electroniC circuit
{any clreult) is worth a fortune. In reality, “"diasecting” 15 exactiy what
our newsleiter Is designed 1o teach you.

Because of the manner in which our newsletier is written, 1he subject
matter that Is gained from each monthly jssue is so extremely broad
ihat il will *spill over™ into your everyday lroubleshooting routine, and
be apphed 1o 1otally unrelated circuits.

This entlre lraining program sells for only 119*° per year {12 seperate
issues). Virtually every one of our subscribers agree that no olher
publication & as informative. By using the attatched order card you
¢an purhase the first three of fifteen issues for only $29%*. Just these
three issues alone will vastly improve your knowlege of etecironics.

Far immediale service call your order Inlo us at {(806) 359-0329 or
{806) 359-1824.

Diehl Publications, 6661 Canyon Drive Bldg. E, Amarlllo, Texas 79110
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RADIO-ELECTRONICS
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ANTIQUE
RADIOS

Early radio history

AFTER DISCUSSING OUR ANTIQUE RA-
dio of the month, we’ll explore
some of the history of electricity,
magnetism, radio, and related dis-
ciplines. It's a long history lesson,
so you'll have to wait until next
month for its conclusion.

Antique of the month

You'll never guess the make of
the antique radio shown in Fig. 1.
Actually, it's a composite—it’s
made up of components that
weren’t assembled together origi-
nally. Composite antiques like that
are not unusual. During the lean
1930's, the radio enthusiast often
assembied his set from other peo-
ple’s cast-offs. It's possible that
your antique is one of those com-
posites—which doesn’t make it
any less valuable as an antique.

In the 1920's and earlier, all radi-
0Ss were, in a sense, Composites.
Early radio enthusiasts had com-
plete knowledge of both chassis
and cabinet construction. If
you've got one of those home-
made composites, you've got a
real “one-of-a-kind” that may be a
valuable link in the evolution of
radio.

If you have a chassis and a cab-
inet left over, feel free to make
your own composite, as | did. Take
the usual precautions pertaining
to exposed high voltages, and
provide some means of heat ven-
tilation. Do a good job, and you'll
have a fine conversation piece.

My composite has a cabinet
made by E. T. Earl. It pre-dates the
1930's, and | got it without the orig-
inal chassis; so | had to alter the
cabinet to accommodate a Zenith
chassis | happened to have on
hand. The beautifully-worked es-

G, 1

cutcheon from that cabinet will go
in my collection. The chassis that |
used to fill the cabinet is about
seven years newer than the cab-
inet itself. | wanted to mount a
Wave-magnet antenna (from an-
other Zenith) inside the cabinet as
well. Unfortunately, it doesn't fit,
so | may have to mount it on the
back (or on the top) of the cabinet.
In general, you can be a little more
creative than usual when “restor-
ing” a compaosite.

Early radio

In the past, we limited our dis-
cussions mostly to radios origi-
nally manufactured in the era from
the early 1930's to the mid 1940’%.
But radios from that era were con-
sidered modern by some readers
who have been involved with radio
since the 1920%, or even earlier.
They built their chassis from mail-
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order parts and instructions in ra-
dio magazines like Modern Elec-
trics {an early Gernsback publica-
tion}. Then they built or purchased
a cabinet to house that chassis. We
haven‘t talked much about radio
before the 1920's, but that's when it
really took off in a commercial
sense. However, before we talk
about the ‘20’s, we'll go back even
farther to gain some historical per-
spective on the development of
the radio arts through the ages.

Ancient history

In ancient Greece, around 600
BC, the philosopher Thales
noticed that rubbing a piece of am-
ber caused it to attract small bits of
material. That's the earliest record
of static electricity. In Greek, the
word for amber is elektron, and
that's the root of many words we
use every day.

Magnetism, too, was known in
ancient times; for example, the
Greek playwright Euripides men-
tioned, in 425 BC, that lodestone
attracts iron. The word magnetism
comes from the town in Asia
Minor, Magnesia, where
lodestones are found.

Saint Augustine discussed mag-
netism and electricity in the late
fourth and early fifth centuries,
AD, but little else happened
throughout the dark and middle
ages. In fact, it wasn't until the
Renaissance when electrical and
magnetic phenomena were again
Investigated in a scientific manner.
William Gilbert, physician to
Queen Elizabeth, built adevice for
detecting electricity that he called
an electroscope. Gilbert was the
first person to use the word
electricin English. Later in the 17th
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century, Sir Isaac Newton did
some work with electricity, but
things really took off in the 18th
century.

Many phenomena were dis-
covered then, including the dif-
ference between insulators and
conductors, and the difference
between “positive” and “negative”
electricity. Ben Franklin per-
formed his famous kite experi-
ment, which proved that elec-
tricity and lightning are different
manifestations of the same phe-
nomenon; the leyden jar was dis-
covered in 1745/6.

The leyden jar

Several investigators simulta-
neously discovered a device that
we now consider to be the first
capacitor (or as readers of this col-
umn used to say, condenser). The
leyden jaris named after the Dutch
town of Leyden (also spelled
Leiden); leyden jars were used by
all early investigators to experi-
ment with static electricity.

The leyden jar is lined, inside
and out, with thin, conductive
foil; those linings are the “plates”
of the capacitor, and they con-
dense, or store, a large quantity of
electricity. The leyden jar must be
used on a non-conductive table
top, and the glass jar must be kept
dry. The jaris charged by touching
acharged plate to the brass ball on
top. The jar is discharged by using
a wand to short the ball and the
foil-lined outer surface of the jar.
The wand has two brass balls con-
nected by stiff wires; the wires ex-
tend from an insulated handle
held by the experimenter.

Adams, in the late 1700's, and
Matteucci, in the 1820s, worked
with leyden jars. Their work cen-
tered around inducing reactions at
a distance of several feet. Riess
and Henry also experimented with
the Leyden jar, as did Paazlow and
Lodge, who worked with huge,
oversized Leyden jars. Sir Oliver
Lodge, with his syntonic (literally,
in harmony with, or “tuned with"}
leyden jars, probably made the
most important contributions to
the field of radio. Variations on the
leyden jar were used in many early
electrical appliances.

Other discoveries of the late
1700’5 included Coulomb’s for-
malas that quantify the attractive

forces of electricity, and magne-
tism. Galvani discovered a biolog-
ical phenomenon that was the
forerunner of the electrical stor-
age cell, or battery; later that de-
vice was refined by Volta.

The 1800

The nineteenth century was the
real Golden Age of electrical dis-
covery and invention. Among the
more important discoveries were
those of Oersted, who showed
that an electrical current could de-
flect a magnet, and Faraday, who
did experiments that eventually
led to the electric motor.

The German Georg Simon Ohm
discovered the mathematical rela-
tionship we now call Ohm’s law in
1825. Later, Henry and Faraday in-
dependently discovered mutual
induction, and shortly thereafter
Henry discovered self-induction.
Gauss built a rudimentary tele-
graph, and, in the U. S., Morse
made a practical instrument of it.
Possibly the most important the-
oretical breakthrough was that of
James Clerk Maxwell, who found a
way of mathematically relating
light, electricity and magnetism.

Many useful devices were in-
vented in the 19th century, includ-
ing Alexander Graham Bell's
telephone (1876), and Edison’s in-
candescent bulb (1879}). Edison
also came up with the idea of plac-
ing a second element in the light
bulb, and that, without a doubt,
opened the door for many experi-
menters, However, the Edison
Effect, as it was called, lay dormant
for over ten years.

In 1888 Rudolf Hertz provided an
experimental verification of Max-
well’s'theories, and that is what led
to practical radio transmission as
we know it. A year earlier, Hertz
had demonstrated that both send-
er and receiver had to be tuned to
the same frequency for long-dis-
tance communication to occur.
And Marconi made one of the first
long-distance (nine miles!) radlo
transmissions in 1897,

In the late 1800's the need for
standardizing electrical units was
recognized. The International
Electrical Congress, meeting in
Paris, convened a commission to
study the matter in 1881.

we'll continue our look back at
radio In our next column. R-E
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| see I1C's everywhere!

THE FRENCH USEO TO CALL A TRAN-
sistor “La béte noire avec trois pat-
tes,” or, the black beast with three
legs. | guess they would call an IC
“La béte noire avec quatorze pat-
tes,” or, the black beast with four-
teen legs. IC’s are still somewhat
mysterious to many of us, but they
needn 't be. If you think of them in
terms of functional blocks, much
of that mystery evaporates with the
morning dew.

for example, the ECG742 shown
in fig. 1is a complete TV sound
system with a detector and a two-
watt audio output. Every TV set
must have some sort of detector,
as well as an audio power stage.
The IC just combines them in one
package, and you should trou-
bleshoot the IC just as you would
troubleshoot a circuit made up of
discrete components. Using a
scope, check the inputs and then
the outputs. The signal at the
sound detector’s input should ap-
pear as on any TV set, and so
should the output. And the audio
stage is even easier to trou-
bleshoot. If you find a good-sized
gain, the chances are that that
stage of the 1C is still in good work-
ing order.

But 1f you're not convinced,
check the voltage at each pin; a
schematic of the TV you're work-
ing on is essential for doing that. If
one or more of those voltages are
off, chances are that the IC is bad.
Otherwise you’ll have to check
elsewhere. A discrete component
connected to the “trouble” pin
may have gone bad, for example.

We find very few “weak” IC's
(unlike tubes). They're almost al-
ways either good or bad, not
somewhere in between. The sup-
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ply voltage is fed to pin 11 of
many—but by no means all—non-
digital 1IC's. Always check the sche-
matic to be sure.

Sometimes you can let your fin-
gers do the checking. Apply a fin-
gertip to the case of an IC you
suspect is bad. Most 1C's run as
cool as a clam. | don't have exact
figures on clams’ case tem-
peratures, but experience has
shown them to be pretty cool. So,
if you find a hot one (an IC, not a
clam), the chances are that it has an
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internal short. Of course, power
IC's (as in our example in Fig. 1)
may dissipate enough power to
run fairly warm, or even hot.

So, the best way to check a sus-
pect 1C is with an oscilloscope. By
comparing the input and output
signals you can tell instantly
whether the IC has any gain or not.
And most analog IC's have at least
some gain. Even sync-separator
IC’s have some perceptible dif-
ference between the input and
output signals. It often helps to
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use a known input signal (from a
sweep generator, for example) for
signal tracing. That makes it easier
to tell whether an IC is doing the
right sort of processing.

IC removal

Finding a bad IC is often the
easiest partof a repair job! Remov-
ing an |C can be a real pain unless
you use the right tools. Probably
the best all-round tool for IC re-
moval is the “"solder-sucker” type
of soldering iron. That tool has a
hollow tip and a teflon-lined
squeeze-bulb. You must fit the
hollow tip around the leg of the IC
(or any other component, for that
matter) and sqeeze the bulb.
When the solder melts, simply re-
lease the bulb. If everything goes
right, all solder from the joint will
be sucked up inside the bulb. If
you follow that procedure for each
IC pin and do a careful job, the IC
should ijust drop out.

But don’t get frustrated if it
doesn‘t! If you yank the 1C out,
you're liable to destroy the little
hollow cylinder of plating that con-
nects the top and bottom sides of a
double-sided PC board. Or you
might rip up some of the copper
traces. So be very gentle, and as-
sume that at least one pin, and
probably a lot more, will require
extra attention before the device
can be safely removed.

Another IC remover that comes
in handy once in awhile works like
this: A spring-loaded clamp is at-
tached to the |C from the top side
of the board. A soldering iron with
a special tip having dual parallel
bars is then pressed to the bottom
of the board. The bars melt all the
joints of all the pins at once, and
then the spring pulls the IC out.

In the absence of fancy tools like
those, clip all the legs of the IC as
near the plastic package as possi-
ble. Remove the “body” of the IC,
and then use needle-nose pliers to
pull the pins one by one from the
top of the board, while heating the
pad from below with a soldering
iron. It's tedious removing an IC
that way, but it works. Clamping
the PC board in a vertical position
will allow easier access to both
sides of the board.

So, don’t be confused by 1C’.
Just think of them in terms of the
functions they perform, and go on

about your troubleshooting in the
usual way. Check the input and
output of each stage; and if either
is off, check signals at the other
pins. If anything differs drastically
from what is shown on the sche-
matic, see if any external compo-
nents (RC networks, for example)
could be causing that difference. If
not, the IC is probably bad, so re-
place it carefully. R-E

SERVICE
QUESTIONS

B+ TOO LOW

While working on & Teknika,
model 3249, I found the B+ adjust
nol working and the B + voltage too
high. 1 later found that the regulator
{ransistor was shorted, so | replaced
it. With a new ope in, B+ is now too
low, and 1 still get no reaction from
the B + adjustment. Please help!—
L.W. Baltimore, MD

You have a two-stage regulator
in that set, so it couldn’t be sim-
pler. The B+ adjust sets up the
operating voltages of the error am-
plifier by altering its base voltage.
The emitter, being directly cou-
pled to the base of the regulator,
causes shifts in the output voltage.
Under the circumstances, | would
certainly want to look at the error
amp. Needless to say, there are a
number of other components that
must come under close scrutiny as
well: both Zener and standard di-
odes, and so on.

WHAT KIND OF SCOPE FOR TV?

{ want to buy an oscilloscope for
TV servicing. What’s the best
kind?—M. R., Lutherville, MD.

I've always said that it's easy to
pick out a wife, a suit of clothes,
etc., but you've got to be careful in
choosing test equipment. Se-
riously, there are a lot of good
scopes available. Heathkit, B & K,
Hickok, Tektronix, and many
others all make scopes, and you
can’t go too far wrong with any of
them. |'ve got six of various makes,
and they're all good. My sugges-
tion would be to try the Old Pro-
fessor's Famous Test for Whisky:
Pour some in a glass and drink it!
In other words, arrange for a dem-
onstration in your shop and try dif-
ferent several models. R-E
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NEW IDEAS
continued from page 46

fed to output-buffer gates 1C4-b
and 1C4-c, which are wired in par-
allel to provide additional drive ca-
pability. The width of the output
pulse is aboui 150 microseconds,
which should be sufficient for
most TTL and CMOS circuits. [f
you need a longer (or shorter) out-
put pulse, connect a precision
monostable between the |C4-b—
IC4-c output pins and your exter-
nal circuit.

There are two other means by
which IC2 may be reset. When
power is initially applied to the cir-
cuit, pin 13 of 1IC4-a is held low for
about 20 milliseconds, as deter-
mined by the R2-C3 time constant.
During that time pin 11 of IC4-a is
high, and that resets IC2. A reser
pulse is also generated each time
momentary switch 51 is pressed.
Whether it comes from 51's being
depressed or from a power-up se-
quence, the reseT pulse is also
buffered by gate 1C4-d; that signal
may be used to synchronize exter-
nal circuitry.

The circuit may be built in any
convenient manner; just be sure
to keep lead lengths short. Mount
the crystal near IC1, and use sock-
ets for all IC’s. If you need a highly-
accurate pulse-source, substitute
a 50-pF trimmer capacitor for C2
and adjust it while observing a fre-
quency counter connected to pin
7 of IC1. You shouid be able to
drive several TTL loads with the
circuit as shown, but if more drive
capability is necessary, connect a
4049 inverter in series with the out-
put.

The MM5369 is available with
several different division ratios
that provide 50-Hz (MMS5369EYR)
60-Hz (MM5369AA) and 100-Hz
(MMB5369EST) outputs. Make sure
you get the correct part}

Ifyou need an oddball reference
frequency (2 Hz, 3 Hz, 5 Hz, etc.)
you can alter the rReseT/OuTPUT
pulse rate by ~nanDing various
combinations of 1C2's outputs. For
example, if you needed a 2-Hz (%-
second) output, you'd need to
count 30 pulses before resetting
IC2. To do that you'd need to NAND
1C2%s Q2, @3, Q4 and Qs outputs.

—Chester C. Roher

9861 Ad¥NHE3d
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DRAWING
BOARD

780 demo program

NOW THAT WE'VE BUILT CUR Z80 5YS-
tem, the time has come, as they
say in Transylvania, to bring It to
life. When the circuit is powered
up, the un-enlightened among
your friends might get the impres-
sion that it's not doing anything.
However, we in the know are per-
fectly well aware that it is doing
something—it's waiting for us to
tell it what to do. When it comes to
microprocessors, there’s one
thing you should always re-
member: obedience and stupidity

are twin virtues.

If you've done your homework
and read up on the 780 instruc-
tion set, and programming tech-
niques in general, you may have
come to the realization that our
circuit is pretty limited. We've got
a fair amount of program storage
space in the EPROM, but RAM
storage is limited to the Z80's inter-
nal registers, and our one-way /O

leaves a 1ot to be desired. So can .
we do anything with our circuit  Software design

that is at all useful?

Let's take things one step at a

Address

=
5
@

200
2021
0003
0005
o0t
2008
0008
(5.8
5.5 50
0310
oo
3014
s
po18

RADIO-ELECTRONICS
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Writing software is similar to de-
signing hardware. The first thing

TABLE 1—EXAMPLE PROGRAM

Op Code Source Code Comments

AF XOR A

26 OF LD H.OF

2E AD LD LAS

7C LD AH

D3 FF OUT {FF),A Send # 1 the |atch
Caf1 oo JP 0911

25 DECH

20 DEC L

C20500 JP NZ 2005 Do again if not'zero
76 HALT

1183 88 LD DE.BB83 Preset the delay foop.__)
iB DEC DE

C214 00 JPNZD014 Jump back i not zerd
Caps o0 JP 800B

WWWW.americanradiohistorv.comm

time. First we’ll write a short demo
program to make sure the circuit is
working. Then we’ll talk about
how we can expand the circuit to
make il easier to accomplish
something really useful. But be-
fore we start, | should mention
that we're not going to go into the
software in any great depth; we
simply don’t have the space. If
you're familiar with any kind of
programming at all—even in the
BASIC language—you shouldn’t
have any trouble following our dis-
cussion. Otherwise you will have
trouble; so get out those data
books and start reading!

Now for the demo program.
Here, and throughout the rest of
this column, all numbers will be in
hex, unless otherwise specified.
Now, since we've got a four-bit
port, let's write a program that
causes the Z80 1o output values
from 0 to F to that port.

Zero the AccmﬁuEtor |

Set the display number
Set the loop £oynter
Load the Accumulator
Go 1o deiay subrouline
Decrement port count
Decremen! loop counter
End of the program
Decrement the cgunier

Retum if finished

ROBERT GROSSBLATT
CIRCUITS EDITOR

SET THWNGS L8 4AD LO4D
THE REG/ISTERS N/TH THE
NLMBERS HWVE WANT TO
HORK WITH

|

L

LOAD BEH IN THE A REG/S-
TER A4S THE FIRST NuM-
BER 70 pUT IV THE LATCH
AND DISPLAY

!

SEND /T 70 THE LATCH S50
7T CAN BE DISPLAYED WITH|,
LEDS O AT SEGMENT 1
D/SPLAY

'

LET THE DISPLAY BE [
STATIC FOR A HALF SEC-
OND OR SO WITHOUT

CHANGING |

1
L4

SUBTRACT | FROM THE ‘

WHLUE DISPLAYED THEN
SLUBTRACT f FRoM THE
LOOL COUNTER

i YEs
l END ]

FIG.1

todo is to get a clear idea of what
you want to accomplish. With
hardware you draw a block di-
agram; with software you draw a
flowchart, like the one shown in
Fig. 1. The flowchart lets you see
the way the program is going to
operate without getting lost in a
maze of low-level details. The flow
of a small program like ours is
more or less intuitive, but drawing
flowcharts is a good habit 10 gel
into. Remember Grossblait's
Fourth Law: You have to know the
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rules to break the rules. In other
words, don’t look for shortcuts
until you know where you're
gOing.

Qur flowchart is easy to under-
stand. First we initialize things by
loading appropriate values in the
registers (which we’ll think of as
RAM). Then we send the number
to be displayed to our latch. We
wait for half a second, decrease
the display number by one, and
then do it all over again. That’s re-
peated over and over until the dis-
played number is zero.

The actual program listing is
shown in Table 1; the Z80 instruc-
tions should be self-explanatory
now that we understand the
flowchart. The final version of the
program added one thing not
shown in the flowchart: a loop to
repeat that whole process ten
times and then quit. We use the H
register to store the number we
want to display, the L register to
keep track of the number of times
we've gone through the loop, and
the DE register pair to keep track
of the elapsed delay time.

The first instruction, XoR A, fs a
neat way to clear the accumulator
using only one byte of program
memory. What happens is that
every bit in the register is xor-ed
with itself. We could get the same
result by directly loading the ac-
cumulator with zero, but doing it
that way takes two bytes.

The more bytes used, the longer
the program gets, the more time it
take to run, and the more memory
it uses. That’s not important in our
demo program, but another good
habit to develop is that of saving
memory, increasing speed, or
both, as in the present case, by
using “tricks” like that. Also, ano-
ing, OrR-ing, and xOR-ing a register
with itself is useful for manipulat-
ing the Z80's flag bits with a single
instruction. Any good book on
programming the Z80 should be
loaded with tricks like those. If
they’re not there, it's not a good
book.

So, after initializing the regis-
ters, line 5 of the program sends
the number to be displayed to the
latch. If you're wondering why I'm
using an our (FF}, A instruction,
you should re-read last month's
column. The ¢¢ is the address of
the port I want the number sent to.

We could actually use any number
because our circuit doesn’t de-
code )/Q ports, so any our ins-
truction will wind up sending data
to the latch. In a more complex
system we’d have address-decod-
ing circuitry that would select the
proper port. In our circuit, the ad-
dress lines are used only to load
program instructions and data
from the EPROM.

Our program now jumps to the
delay loop that begins at line 11.
We use the delay to slow down the
program so you can see the count-
down on LED’s. Just connect them
to the outputs of the latch with
330-ohm resistors. If you're really
ambitious you could build a dis-
play circuit to have the output ap-
pear on a seven-segment readout.

Without the delay loop, the pro-
gram would cycle so quickly that
you wouldn’t be able to see any of
the individual numbers. 1 used a
full register pair to set up the delay
time because the o and € registers
together will allow any value up to
FFFF.

Calculating the length of the de-
lay isn't difficult. Each Z80 instruc-
tion takes one or more clock
cycles, called T cycles, to execute.
The number of cycles depends
partly on the length of the instruc-
tion. Each trip through our delay
loop takes 14 T cycles. Since we
have a 1-Mhz clock, or close to it,
each cycle will take T microsecond
fora total of 14 microseconds. If we
want a delay of half a second we
have to generate a loop that lasts
half a million microseconds. Di-
viding 500,000 by 14 we get 35,714,
or 8B83 hex.

Normally such a delay would be
set up as a subroutine, callable by
other routines in the program. But
since€ we have no RAM, we can’t do
a subroutine call, because the Z80
automatically stores—in RAM—
the address it is to return 10 after
executing the subroutine. So we’ll
have to write our program without
subroutines. We simply jump to
and from the delay “subroutine”
using Ip, rather than using caLL and
RET (Cosue and RETURN, for you
BASIC programmers).

We have a few more things that
we need to talk about, but not this
month; unfortunately we're out of
room. We'll get to those topics the
next time. R-E
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SATELLITE-TY RECEIVER

continued from page 55

continued from page 74

cominued from page 60

+ 5.5 volts at the emitter of Q7, and check
for +4.5V atthe collectors of Q4 and Q5.
The emitter of Q7 may show 4-7 volts—
that's OK. Aiso, Q7 will nommally run
somewhat warm to the touch.

If all DC voliages check out. you can
begin alignment. First, check the voltage
at the collector of Q5. As you ground the
base of Q6, that voltage should increase o
over |0 if the modulator is working.

Next, connect the RF probe to the junc-
tion of C3 and C8. Tune L4 until Q1 starts
to oscillate, as indicated by a reading of
0.5 10 1.0 volts on the YOM. Now connect
the RF probe to the base of Q3 and spread
or squeeze the turns of both L2 and L3 to
obtain maximum woltage. Now connect
the RF probe to the base of Q4 and adjust
the wurm spacing of LS and L6 for a max-
imurm voltage. Now, re-adjust L2, L3, and
LA to maximize the voliage reading. Con-
nect the voltmeter to the base of Q5 and
adjust trimmers C22 and C25 for max-
imum reading. Re-adjust L5 and L6.

Now connect the dummy load to J2,
and connect the RF probe across that load.
Adjust C22, C25, C28 and the lap posi-
tions on both L8 and LY until no further
increase in oulput can be observed.

If one stage has no output, the cause
inay be misalignmemt of {or circuil trouble
in) the preceding stage. [t may be neces-
sary in somie instances to add or subtract a
twm from L2, L3, L5, or L6 if proper
adjustment cannot be obtained by adjust-
ing tum spacing. If a coil’s turns are
spread far apart. and the alignmemt calls
for even more spacing, a turn should be
remaved. On the other hand, if a coil has
tobe "crushed” together, add a turn. (But
make a new coil rather than splicing on
more wire.)

Now tune the TV receiver to the wrans-
mitter’s output frequency. You should sec
a blank raster when the ransmitter is
tumed on. Connect a video signal to the
input jack (}1) and adjust video level so
that a stable picture is obtained. [ncrease
the video level until tearing or Tolling dc-
velops: that indicates sync-tip compres-
sion. Retune the Q4 and Q5 stages for best
picture quality without tearing

Adjust C36 for clearest audio while ap-
plying an audio signai to C38. Be careful
not 10 overdeviate or misadjust the 4.5-
MHz oscillator frequency. A frequency
counler can be helpful for that. Connect it
to the emitter of Q7 and adjust C36 for a
frequency of 4.500 MHz with no video
input (short R21 to ground).

That completes alignment and esting
of the wireless video link. A very short
antenna {about one inch) connected fo a
51 ohm resistor makes a good limited-
range antenna. For greater range, a six-
inch whip antenna could be used. R-E

That isolating impedance is either an in-
ductor {with a value between 50- and 500
pH) in power-line hybrids, or, as shown in
Fig. 9, 2 resistor (whose value is typically
a few tens of ohms) in signal-line applica-
nons.

Deslgning transient suppressors

The most severe source of power-line
transienis is a lightning stroke. Therefore,
most suppressors are primarily designed
1o protect against lightning. Most of the
energy associated with a lightning stroke
is in the form of common-mode cutrent
and voliage, However, due to uncqual wir
ing parameters and the fact that common-
mode suppressors are not pesfectly
matched (do not suppress equally), some
differential-mode energy will also be
present. Thus, a lightning-protection net-
work should incorporate both common-
and differential-mode protection.

Varistors, which are commonly used as
suppressors on household AC power lines
117 volts), are available from a number of
electronics suppliers. When selecting a
varistor for a particular application, you
should consider the nominal operating
voltages and currents that the circuit will
see, and the maximum surge voltage and
current that are likely to be encountered.
In addition, the suppressor must be raied
1o withstand the energy that it will need to
dissipate. In the case of 117-volts AC, as
stated previously, the most powerful tran-
sient that is likely to occur will have a
peak voltage of 6000 and a peak current of
up to 200 amperes; that’s a fairly sizeable
wallop. If the suppressor ¢lamped that sur-
ge voltage at 500, the amount of energy
that the suppressor would need to absorb
would be approximately 0.8 joule. Lower
clamping voltages will mean that the sup-
pressot will have to absorb more cnergy.

In addition to power lines, varistors de-
signed to protect low-woltage circuits (as
low as 5 volts) arc available. The selection
of such a varistor follows the same general
procedure as above.

Sijicon avalanche suppressors also are
commonly used to protect low-voltage
systems. For instance, to protect sensilive
CMOS devices on a PC board. a 5-volt
SAS could be connected between the
power and ground connections on the
board. Data lines similarly could be pro-
tected by installing SAS'’s between the
lines and ground.

The suitability of an SAS for a par
ticular application is determined by it
power rating. Those power ratings range
from 500 watts to several kilowaits. An
SAS with a power rating of 1000 watts,
that is designed to clamp the voltage at 5,
can handle surge currents of up te 200
amperes. R-E
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Al this point you arc ready (0 attach a
TV (or 2 video moniter) and an audio
amplifier 10 the receiver. CAUTION: Dis-
connect the receiver from the AC vollage
source while hooking up everything.
After everything is hooked up. reconnect
the receiver to the AC voltage and follow
these steps:

I—Turn on the receiver and adjust the
TRANSPONDER TUNING €ontrol to receive
a picture. Adjust the SKkEw control and the
POLARITY swilch for the best picture.

2—Adjust C71 for maximum contrast
in the picture. Gently compress and ex-
pand L2's coils slightly while observing
the picture on several different channels.
Adjust L2 for the best picture.

3—Adjust RI09 for the best picture.
Video level is controlled by that potenti-
omeler, as is contrast. I it is adjusted 10
too high a value, a buzzing sound may be
heard in the audio when lettering appears
on the screen,

4—S8et the SUBCARRIER TUNING
control (o the center position, and set the
BANDWIDTH switch 1o wipe. If no sound
is heard, adjust R!12 slightly, [f nothing
but noise is heard, adjust C72 until the
audio comes through, That can be a
"wouchy” adjustment. Get it close, and
then try fine-tuning the fromt-panel con-
trol. Once the sound is heard, readjust
R112 for best audio,

5—Aum your dish at Satcom F-3, and
tune in the appropriate transponder fos
either WTBS or WGN. Set the BanD-
WIDTH switch to NARROW, and [hen slow-
ly wrn the SUBCARRIER control counter-
clockwise from center. Several FM-radio
programs should be heard. Adjust RII1
for the best sound.

6—Adjust R107 for full-scale meter de-
fleciion when receiving the strongest sta-
tion in your area.

7—Trimmers R102 and R 104 may need
to be adjusted slightly in order to make
R103 correspond with the markings on the
front panel. Set the TRANSPONDER TUN-
NG control to the number of the lowest
transpondcr channel received in your area
and adjust R104 for best reception. Then
set the panel control to the numbes of the
highest channel in your area and adjust
R102. Those adjusiments will interact
slightly, so go back and forth until both
channels come in correctly.

At this point you can sit down and relax:
you've got a fully-functional satellite-TV
recciver! We have stuck pretty much to the
basics in this anticle, but il you need more
information, be sure to consult the man-
uals that accompany yousr LNA, down-
converter, feedhom and dish. Also, see
“Installing Your TVRO,” which ap-
peared in the June and July 1985 issues of
Radio-Electsonics. R-E
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MARKET CENTER

FOR SALE

RESISTORS YoW.AWS5%C.F 3 caents. 1%Metal-
litms. custom wirewounds, capacitors and olher
components. JR INDUSTRIES, 5834-H
Swancreek, Toledo, OH 43614

TUBES. new, unused. Send self-addressed, starmp-
ed envelope for kst FALA ELECTRONICS, Box
1376-2, Miwaukee, Wl 53201,

DESCRAMBLERS for downconverters. High gam.
Send $2.00. RB ELECTRONICS. PO. Box 643,
Kalamazoo. M1 49005,

ELECTRONICS caialog. Over 4.500 ilems. Parts &
components Everything needed by the hobbyist or
techmician. 52 00 postage & h&hdlmq_[ S1ates onl
refundable wth first $15.00 order. T & M ELEC-
TRONICS, Dept. R, 472 East Maln Street.
Patchogue, NY 11772, (516) 289-2520,

TV tunable noich filters. tree brochure. D.K. ¥IDEQ,
Box 636025, Margate. FL 33063. (305) 752-9202.

BUGGED? Wirelapped? Find oul 1ast. Counter-
measures equipment calalog $1. CAPRI ELEC-
TRONICS. Route 1R, Canon. GA 30520 .
ASSDRTMENT #103—consisting of
TOKO coils 144LY-120K. 520
HN-3000023. BKAN-K5552AXX (2),
PCB; transistors 2N3304 (2) BFQ85
(sub); IC’s 7812, 74123, MC1330A1P;
Diodes tNG14, 1N5231B. Only $25.00.
Coils (only) $8.00/Set. AC adapter
$6.00. Free shipping. MCVISA/COD.
Toll Free 1-800-821-5226 Ext. 426 (or-
ders). JIM RHODES, INC., 1025 Ran-
some Lane, Kingsport, TN 37660.

LASERS ang Nightvision SurPlus Companents. Free

catalog, M..J. NEAL COMPANY, 6672 Mallard Ct.,
Oment, OH 43146,

OLDTIME adio programs on high quaitty tapes

1 Advanture! Music! Free cat _CARL
F. FROELICH. Herdage Farm, New Freedom, PA
17349,

ELECTRONICS, oxclusivas, surplus and maore,
Send $1.00 {refundable) lor two discounl catalogs
Add another $1.00 and gel 15 assorted transistoes!
JELKINSG, 311 Shirtey Sireet, Boston, MA 02152,

CABLE-TY Secreis—the outlaw publication the ca-

ble companies tned 1o ban. HBO. Movie Channel,

Showtime. descramblers. converterd, etc. Sup-
iers istinguded $8 95. CABLE FACTS, Box 711-
. Pataskaia. OH 43062

5-BIT 5 Mh2 A:D converter priced at $5 00 per bi—
hand selected 0.5% Vishay resistors gre 10-bi ac-
Curacy Order DA175. 525,00 each. 2% square
module. DIPAC ASSOCIATES, 845 Exccutive Cir.
Dr. #204, West Palm Beach, F1 33401

CLASSIFIED AD ORDER FORM
Ta run your Own classified ad. put one wort On ach of tha e Delow and send thie fom 2leng with yousr Check to:

Raolo-Elecironics Classified Ads, 200 Park Avenue South, N.Y,, N.Y. 10003

PLEASE INDICATE In which category of classified advertising you wish your ad o appear. For
special headings, there is a surcharge of $23.00.

{ )Plans/Kits { ) Business Opporiunities g ) For Sale

E ) Education/Instruction { ) Wanted [ ) Satelite Television

Special Category: $23.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or Credits for typesetting errors can be made unless clearly pant or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

1 2 3 ' 4 5

6 i 8 g 10

T 12 13 14 15 (542.75)

CABLE-TV converters and descramblers Low
prices, quality merchandise, we ship C.0.0.. Send
$2.00 ior catalog CABLETRONICS UNLIMITED.
P.O. Box 266. South Weymouth, MA 02190

- | Quality Microwave TV Anfennas

Mutt. Chenes! 1810 2F GHz
4098 Gaén True Paraboiic 20 Inch Dish
Complete Sysiem $54.95 (Shipplng incl.)
Daderabips., Oy, Pricing. Replacement Pang
PHIfIiDS-TecH ElCtronics

F.0. Box 34772 « Mobatx. A 83047

UFETIME (8021 BA7-TT00 15300 Crwid 78 phane bl
WARARANTY Muaierlard » Wi o (001

CB'ERS only: sntennas. radios. modulalors,
volce scramblérs, ilquency expanders. modifica-
lions, goody boxes. Brolesmonai 1epairs, much
more! free catalog. PRESIDENT CB SALES. 101
W. Adams-12. Long Beach. CA 90805. (213}
631-3552.

RESTRICTED technical informational: elecironlc
surveillance, schematics, fockSmithing. coverl sci-
ences, hacking, eic. Huge selstlion, Free bro-
chure: MENTOR-2. 135-53 No. Bivd , Flushing, NY.
11354,

TUBES, name brands, new, B0% off list KIFBY.
298 West Carmel Drive. Carmael. IN 46032

ZENITH SSAVI Manual. Onginal manual used by
fechnicians Thecry of scrambling, schematics
parts |t reparr for UHF and cable. For speedy
delvery send $15.00, cash or money order. BAY
STATE ELECTRONICS. PO, Box 263. Accord. MA
02018

FREE imporier accessones calaiog. video avdi,
others. With business card write, 17 BANNER
COURT, East Brunswick, NJ 08316.

MASTERCARD AND VISA are now accepled
for payment of your advertising. Simply
complete the form on the dirst page of the
Market Center and we will bill.

16 ($45.60) 17 (848.45) 18 ($51.30) 19 ($54.15) 20 (357.00)

T21(559.85)  22(562.70) 23($6555) 24 (368.40) 25 (571.25)

26 ($74.10) 27 (576.95) 28 (579.80) 29 ($82.65) 30 ($8550)

31 ($68.35) 32 ($91.10) 33 {594.05} 34 (396.90)

We accept MasterCard and Visa for paymeni of orders. ' you wish o use
in \he following addional information {Sorry. no telephone orders can

35 ($95.75)

credil card to pay for your ad filt
accepled.):

Cartd Number Explration Oate

/

Please Print Name Signature

IF YOU USE A BOX NUMBER YOU MUST INCLUDE ¥OUR PERMANENT ADDRESS ANMD PHOME
NUMBER FOR QUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEFTED.

CLASSIFIED COMMERCIAL RATE: (tor firms of individtuals alfenng commercial products or serviced
$2 85 per word Prepaid (no charge for zip code)l. MINIMUM 15 WORDS. 5% discount for same ad n
155ues, 10% discount tor 5ame ad in 12 1550838 within oNe 3‘(ge.ar. it prepard. NON-COMMERCIAL RATE: (for
indiviguals who want 1o buwdsell a personal tem) $2 30 per word, K .. NG mimmum. OMLY FIRST
WORD AND NAME setin caps at no axtra charge Additicnal bold face (not avanlable as all caps} 50¢
par word additional (20% premlum) Enure ad in boldtace, add 20% premlum [o tolal pnce. TINT
SCREEN BEHIND ENTIRE AD: add 25% premium to 1otal pnce. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% premlum to lotal price. EXPANDED TYPE AD: 54.30 per word
Eregaid. All other itams same as for STANDARD COMMERCIAL RATE, TINT SCREEN BEHIND ENTIRE

XPAMNDED TYPE AL: add 25% premium to 10tal price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium o lolal price. DISPLAY ADS: 17 » 21—
EN0.00; 2 ¥ 2vii —S620.00: 37 ¥ 2vi"—5930.00. General Information: Fréquency rates and preEpaEment
discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADOVERTISEMENTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy 10 be i our hands on the 121k of the third
monih preceding 1he date of the issue. {L.e., Augus! issue copy muslt be recenved by May 12thy When nomal
closing date falis on Saturday. Sunday or Holiday, 1ssua closes on Preceding working day
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RADIO-ELECTRONICS

-
-

Govt. SURPLUS
ELECTRONIC
EQUIPMENT

CATALOG

New [TEMS , . . New BARGAINS!
FRE SEND TODAY FOR FREE COPY
OF CATALOG WS-85 AND
SUPPLEMENT e ADDRESS: DEPT RE

FAIR RADIO SALES
HIS & EURIKA - Box 1105 - LIMA, OHIO + 45802

CABLE-TV source book—a Complete fisting of sup-
pliers for hard-to-lind converters. descrambilers,
fechnical Information. schematics and much much
more. Full refund d not satsted Send 54,95 1o
CABLE, Box 12505-R Colurnbus OH 43212.

HICROWONDERLAND Cammodoreeompulets
paris! KIM-1 computers, accessordes! Thousands
IC s by maill Free 64K ORAM sets! Discounts! Cala-

g:! 00 K. BOUFAL—CONSULTING SER-
v ES, Fitzwaner, Philadelphia, PA 19147, (215)
925-6469

TECNICA 14D channel cable corverter for tulty re-
mole sound and video unit only S149.00. Jerrold
LCCS8 converter only $79.00. Jerreld ORZ450
converter ¥ichannel aule tuning onty $79.00. All
units carry full manuiaciurers warmanty SIPecnals
whilé they |ast For catalog send S3.00 Thanks
REDCDAT ELECTRONICS, PO Box 28504, Ja-
maica, NY 11428 (718} 459- 5088

LINEAR parls. fubes. transisters—MRF454
$16.00. M£F455 512 00. MRF477 511.00. MRF492
$18.00. Catalog RFPC Box 700, San Marcos. CA
92069 (619} 744-0728

SCHEMATICS: radio receivers 205/60%5. Send

brandname, model numbar. SASE. EARL

%CJAFIAMELLA Box 1, Woonsockel, Rl 02895-
1.

TEST equipment. recondiioned For sake. 51.25 for
WALTER'S, 2697 Nickel. San Pablp, CA
94806 (415) 724-0587.

CATALOG TV dascrambiers, cable convertars, mi-
crowave converiers. salelile syslems. many tm
lits o bk, 51.00 MINUTE ITS, Box 531 t
SO Brm: NY 104&

CABLE-TV corverlers—All ma major brands Wireless
remates with volume, wined remoles Cabie and vid-
e0 accassones. Cablemaster distibulor. Lowest
prices ShipC O 0.. Catalogs 53.00, SONE ASSO-
CIATES. 5 Broadway, Sude 201. Troy, NY 12180
(518} 274-0508.

== WRITE FOR
" MCGEE'S
SPEAKER & | ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS

toll free 1-800-346- 2433 for Ordering Only.

1904 MCGEE STREET KANSAS CITY, MC_ 84408
100W audio amplifier. L:ss cabinel and power
supply. $35 assembled GIL ELECTRONICS. Box
1628, Soquel. CA 95073

PRINTED -circuil ariwork developed from your
Schemancs & packaf‘i:q considarations. Profes.-
8ignal, reasonable. t' OEM ingquirics invited|
PRINTED COMCEPTS, (414} 442-4548

CABLE-TY filers ko slimination of undesirable SIg
nals (50dB notch) Channeds avalable: 2 through
14(A} through ZO&USend 520.00 sach Money
batk gquaranise anuty discounts. CATY. Box
17621, Plamation. FL 33218,

ELECTRONICS ei'cunt analysis program Com-
modore-64. Disk lape only $27.00 INFO COMPUT-
ERCATIONS, Box 79. Farmington, CT 06032.

BREAKING your windows be Burglars only
anlrance intp Your wachicke with s Secunly sys-
temn. Send $550 for plans A & A ENTERP IgE
P.O. Box 6818, Biloxi, MS 39532

SELL blank video cassettes. Super hlgh
grade Olympia VHS T-120. Fully guaran-
teed. Only $3.49 your cost. Order in [ols
of ten. Add $5.00 shipping & handling
each order STRANDBERG, 1001 S.
ELM Street, Greensboro, NC 27406.
Telephone (919) 274:3775. Check,
M.O.. VISA or MasterCard account
number & expiration date.

RESISTORS—any valuequantiy, Va wat 5.01, ¥
watt {51.00 mmmum) Quantity discounts. 1.000
plus. Send waltage(s), valuels). quntityis) and -
mittance. T.0.A.C.C.C. ELECTRDNICS, Box
47148, Chicago, Il 50647. (312) 3429171

CABLE and Subsacriplion TV secret manual Build
your own descramblers. converiars Instnucions,
schematics, for sinewave, mband cutband gated
syne. SSAVI—({HBO. Showtime, Cinemax. UHF,
alc.} Send 58.95 10 CABLETRONICS, Box
30502R. Bathesda. MO 20814,

ADAPT any CRT lesler to tes1 all CATS Palented
kit wisockels/manual. Money back guarantee.
Charge-¢card8/CODs. Phone today for fast ship-
ment. 559 95 1-800-331-3658. DANDY ELE

TRONICS. 2323 Gibson. Muskoges, OK 74 ?u03.

GIANT elecironics parts grab bagl 55 postpald Al
new pasls Resistors, ICs. caps. transisiors. coils.
Zeners, gic. Pnime qulity componenist! Big assort-
ment back uarantee! GE Ni-Cad sticks:
7.2vDC—1. ew! 56 Motorola tull wave
oridge: MOAQZOA? Miru size. 1.5 amps 600 PIV.
Special: 261 or 10 54 Postpad, Write lor new cala-
log. ODD BALL ELECTRONICS PO._Box 873,
Duncamvilie, TX 75138

DESCRAMBLER plans, New design decodes
SYNC suppressed signals —newest pilotless
method Circuil boards. most pParts feom Radw

i) REPLACEMENT

2 Marlborough Aoad ¢ W. Hempstead. N.Y. 11552

IN NEW YORK
1-800-632-3323

TOLL FREE
1-B00-645-3516

CIRCLE 272 ON FREE INFDAMATION CARD

‘4 CONSUMER
9% ELECTRONIC
L. PARTS

CATALOG

Specializing in

JAPANESE

SEMI-CONDUCTOR

AND 1ot for hagher voitage or current. It's shext cir-

ed for heavy use.

PARTS

or Write

MB

Now! A triple output

lab power supply
for $149.95.

For $149.95, this lab quailty power supply
Qives you 3 completely Isolated outputs: two
varidble 1.5-20 V0OC at 0.5 amp and a fixed 5
VODC at 1 amp — the same as the $300 units

The MFJ-4002 Is Amarican mada and design-

You'll get plenty of voitage and currant for
your anaiog and digital cireuits. It's idear for
education, circult design, product develop-
ment. testing. Qualty control and production.

You can connect the oulputs [n series or paral-

cult protected, has excellent llna regulation
{typically 0.01%/V) and icad regulation {typi-
cally 0.1%%). Two iarge 3 Inch precision mamrs,
moniter vottage and current Simultaneously
and are lighted for sasy reading.'t's ruggedly
C buift with heavy guage aiuminum so you'll get

all many years of troyble free service. 12 x3x b
inches. 110 VAC with 3 wire safety plug.

800-647-1800
Order from MFJ and try it If not satisfled,
return within 30 days for refund (less shipping).
Qne year unconditional guaraniss.
QOrder todsy. Gall TOLL FREE 800-647-1800.
Charge ¥154. MC or ma/ check. money prder.

MF.) Enterprisas, Inc.
921 Louisville Roau
Starkvllle, MS 39759

One tree van make
JOMOO maitches,

One m.alcl: can burn
MIN&.

ne
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Shack. Detaited Iheory, drawings. schematics. in-
structions $14.95 plus 52.00 shipping. DIALD
CORR, Box 212, Lowetl, NC 28098.

CIRCUIT boards: Your artwork, quick deirvery, rea-
sonable. ATLAS CIRCUITS, Dept. A, P.O Box 892,
Lincolnton, NC 28092. (704) 735-3943.

PICTURE liyar hst; quality electromic surplus at low
prices. Since 1970, Send for the 1as! 3 issues,
STARTRONICS. Box 683, McMinnwilie. OR 97128

CB MODIFIGATION

Increase channess, range, privacy! We speciahle
In frequency expanders, speech processors, FM
canverters, PLL & slider Tricks. how-10 books.
plans. kits Expert maii-in repairs & cOnversions

16-page catalog 52
CBC INTEENATIONAL. P.O. BOX J500RE

PHOENIX, AZ B5046  [602) 996-8700

WHOLESALE audio, video, telephone acgas.so-
fies. anlennas, cartndges. Frae cat (718) 897
0509, D & WR, 88-12 110 Streat. Flushing, NY
11375,

CABLE and satellile eqQuipment’ a'd'or brands,
wholesale prices. Free catalog. HMA SALES, 221
Easl Camelback. Phosnix, AZ 85012, {602) 990
0398

TH.994A softwareardwave bargains, Hard-to-find
items. Huge selection. Fast service. Frae Calalog.
DYNA, Bax 690, Hickswie. NY 11801,

PLANS AND KITS

CATALOG: Hobbybroadcasting' 1750 melers Ham
CB: fransmners, amplifiers, antennas. scramblers.
bugging devices. morel PANA XIS, Box 130-F2, Par-
adise, CA 95969

CABLE-TV Converters: Jerrold prod-
ucts include *new Jerrold Tri-Mode”,
SB-3, Hemlin, Oak V¥N-12, M-35-B,
Zenith, and more. UHF Deluxe Il kits.
(Quantity discounts) 60 day warranty.
Repairs ot cable converters. For last
service C.0.D. orders accepted. Send
5.A S.E. (60 cents postage), or call for
Info., (312) 637-4408. HIGGINS ELEC-
TRONICS, 5143 W. Diversey, Chicago,
IL 60639. No IHinois orders accepted.

BUILD thus five digh panel meter and squarewave
generator ingluding an ohms. capacitance and fre-
quency meier Detaled instructions $2.50, Refun-
dable plus 50 cents. BAGNALL ELECTRONICS.
179 May. Farfield, CT 06430

UHF gated-puise descrambier plans with simu-
tated slereo ouibut Walch your lavorite movies with
the realism of sterec. Booklet contains delailed
schemalcs, nstructions & theory, $12.00 DEL-
PHONE INDUSTRIES, Box 150, Elmoni, NY 11003

PROJECTION TV.. convert your TV 1 project 7 100t
piciurg  fesulls comparable to $2,500 proj-
ectors. . lotal cost less than $30 00..plans and
lens $19 95 ..itlusiraled informaticn free. MAC-
ROCOMA-GE, Washington Crossing. PA 18377
Cmadicard orders 24 hours (215) 736-3979.

CRYSTAL radio sets. ., Parts. kits, Cata
$1.00. MiDCO. 660 North Diiie Highway, Hol-
lywood, FL 33020.

HI-FI speaker kits. auto speaker systems and
speaker components from the worlds finesl man-
ulacturers For innets and audiophides Free lit-
arature, A & S SPEAKERS. Box 7462R. Denver.
CO 80207. (300} 399-8690.

UNCYPHERS Amencan and Canadian satellite of
cable, lalest lechnology avalabie. Plans & boards
Kits or completa Send 55 00 for catalog. Refunda-
ble on order 1o PILGRIM VIDEQ PRODUCTS, Box
203, Dak Steeat, Pembroke. MA 02359,

ROBOT conird board Build your own for under

CABLE-TV

SINGLE | DEALER
ITEM UMt 10-UNIT
PRICE | PRICE

| BRAND NEW — TRIMODE UNIT FOR JERROLDS

| RCA 36 CHANNEL CONVERTER (CH. 3 QUTPUT ONLY) | 29_95_:_|a.w &a
| PIONEER WIRELESS CONVERTER (OUR BEST BUY) | 8895 [ 7200 ea

 LCC-58 WIRELESS CONVERTER i 1 9295 | 7600 ea)
JERAOLD 450 WIRELESS CONVERTER (CH 3 OUTPUT ONLY) | 10595 | 90.00 ea]
SB | 10995 | 58.00 ea
Cali lor speciics |
109.95 | 5800 ea)
1 11995 | 6200 ea.
1

SB ADD-ON UNIT

MINICODE (N-12) =
| MINICODE (N-12) VARISYNC
"MINICODE VARISYNC W/AUTO ON-OFF 17995
'M-35 B (CH. 3 OUTPUT ONLY] 2l 13995 | 70.00 aa.
M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY) 199.95 [125.00 ea.

17995 11500 ea|

| MLD-1200-3 (CALL IF CH 2 OUTPUT) | 10995 | 5800 ea|
INTERFERENCE FILTERS — CH. 3 2495 | 1400 ea
JERROLD 400 OR 450 REMOTE CONTROLLER | 2995 [ 1800ea
'ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON § UNTS! | 22500 | 18500 8a

SPECIFY CHAMNEL 2 or 3 OUTPUT Other producls available — Please Cail

-
SUBTOTAL
Shipping Add |
5300 per urut_
CO0 & Credil
Cards — Add 5% |

TOTAL

Caimorrua Penal Code #593-0 forbuds us
fram shipPing any cabie descrambling umt
to anyone reSiding In the state of Caldormia.

Prices subjeci 1o change withoul nolice.

PLEASE PRINT

Name

Address ___City_
Stale _&ip_ . Phone Number |

| Money Order 0O coo O visa
Acct ® Exp. Oate .
Signature

) Casnier's Check | Mastercard

FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE — |, the undersigned. do hereby declare under
penalty of p&rjury thal all products purchased. now and In the future, will 00ly be used on cable
TV asystems with proper authonzabon from local oMicials or cable company officials in
accordance with all apphicable federal and state laws.

Pacific Cable Company, Inc.

$50.00. Let your compuier control 8 hghts, motors., ﬁ
d e Tl S S 10 =
— = 73252 RESEDA B8LVD., DEPT. # + RESEDA, CA 91335 >
MASTERCARD AND VISA are now accepted y : e
for payment of your advertisin\;. Sinﬁply (818) 716-5914 - No Collect Calls + (818) 716-5140 g
gm0t L et pgoe Stihe IMPORTANT: WHEN CALLING FOR INFORMATION | &
Please have the make and mode] # of the equipmentusedin your area. Thank You 7
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SATELLITE TELEVISION

BUILD your own Satelllte-TV receiving system
and savel Instruction manudls, schematics, Cir-
cuit boards. parts kits! Send atam envalo

for complete produc! listing: XANDI, Box 25
Dept. 21X, Temp¢. AZ B528

SATELLITE Syslems $449, Name brands, Quaniity
discounts. information $1.00. Catalog $2.00. STAR-
LINK, INC., 2603-16A Artie, Huntsville. AL, 35805.

ENJOY salellite tefevision. Save monay with easy.
guaranteed, do-it-yoursel! antanna kits. Com-
piele systems ais0 availabde from Uniden. Raydx &
winegard. Send $1.00 for catakog or $8 95 for "Con-
sumer Guide to Sateliite Telewsion "GFI-54. Box
9108, Missoula. MT 59807,

DON'T rade in okd satemta-TV recever 1o get re-
mole control Channel Wizard® remotely controls
tuning, polarity, and connacts from oulsics sateilite
receiver. IR version including transmitter, 569.00 as-
sembied. $39.00 kit Wied version $35.00 as-

WASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

SUPER LNA kits. dx TV preamps. microwave S0Mm-
ponents, IR delectors. LS, Box 7553, Jackson, MS
39204.

SPECIAL -sateliite receivers. Uniden 1000 onky

5279.00, owners manual included; great for updal-

[E ¢ older systam. Certified money order
'S TV, Box 234, Syracuse. KS 67878.

THE next gencration of satellite systems is henel
Popular Echostar system. scramble-ready $599.00
completa! With instalation guide. VISA Mastercard
2002 INNOVIA. INC,, Bax 2002, Gardnerville, NV
B9410. (800) 6528-2828 ext 519

THE LNA specialists] Brand name. lowes! nalse,
lowest prces! We will nol be undersoid! Send for
grsgg%: LNA. 201 E Southern. Surte 100, Tempe AZ

BUSINESS QPPORTUNITIES

MECHANICALLY inclined individuals desiring
ownorship o small slectrorcs manylactunng busi-
ness—wiihoul Ivastment Write: BUSINESSES.
92-R, Brighton 1tth, Brookiyn. NY 11235,

RECOVER pure gold from old circuit boards, com-
ters. elecironic junk Eas& methgd. Send 55.00
ECYCLING. Box H21 ano, NY 89510-1218.

PROJECTION TV _make $$55 assembl proj-
ec10rs...0asy . resulls COMparable 1o §2, p«z-
eciors.. your kolal cost less than $20,00.. plane,
lens & dealars information 517.50. Hustrated infor-
maﬂOn free... MACROMA-GFX Washington Cross-
Pgmi) 8977. Credicard orders 24 hours {215)

YOUR own radic station! AM, Fum, TV, Cabla IJ-
censed unlicensed BROADCASTING, Box 130-
F2. Paradise, CA 95568,

ELECTRONIC

sambled: $24 95 kit Add $2.0¢ shipping Specify
PRI or PRIl Sand M.Q or castier's check 1o. OR-
ANGEBURG TECHNOLOGIES, INC.. 1830 Frve
Chop Rd.. Orangeburg. SC 29115. Send self-ad-
dressed stamp for wito.

G

Start nome  spang ime  Investment knowledge or
experience unnacessarEaBIG DEMaMND assem-

E-Z Satallite Kitf™. Complete satellite sysiem ASSEMBLY BUSINESS

$995.00 and 51995.00 computer pont-out of your
location 59 95. MasterCard/VISA. IN-X-SALES,
Box 45, Tilton. NH 03276, (503) 266-3082

THE BEST PLACE 1o BUY, SELL or
TRADE MNEW and USED E

NUTS & YOLTS MAGAZINE |

bling #lectron: devices Sales handled by proles-
siI0nals Unusual business opporiynity.

FREE: Complete illustrated literature
BARATA RE-D Box 248
Wainut Creek. Cabd 54597

WUt f A OLTY

SATELLITE TV VIEWERS

Get the m *complete weekly [istings
ené 1 for sample copy. - BOX mu(;lm CA 2470

A Satellite TV Week %

OME YEAR 5. SURBSCRIPTIONS
P.0. Box 308E, Fortuna, Californie 95540
$00.158 9997 (U 5,) + 300. 354 9727 (Calit.}
TO7.785. %474 (all gthars)

INVENTORS

INVENTORS can you proftt from your idea? Call
AMERICAN INVENTORS CORPORATION for iree
informatlion , Over a decade of service.
1-800-338-5656. Im Massachusetts cal) (413)
568-3753.

VIDEQTAPES CONVERSION

OVERSEAS videotapes 1o AMencan, viceversa.
[Dual system wideos. lelevisions. discounted. AP-
PLE. Box &42. NY 11377. (T18) 507-5800.

SI080 . Jrd Clas » SIL00 . Im Clam

mmu « Lifstima . Jrd Clas =|.

LOST
LOSTIOne 24-bour. 24-karal goléan day Each hour

Save hundreds of § Inslall your own Satellite sys-
tem. Complete mstruction ICiudes instaliation and
twning $9.95. Catalog of satellne sysiems and ac- studded with 60 diamond minutes Each minule
cassories. Top brand, low prices. 55008 & T stugded with 60 rub?r seconds But don't bother 1o
ELECTAONICS, Box 3156 Grand Rapigs. M1 jook for it it's gone forever That wondarful goiden
49501 day that | lost today—DENNIS E. WAITLEY.

old £ Eacn 2T 433001 5
:l:!u| uovolpurl- 1071 ;: m::?.:amwm%m'n
000 PC Retslon ABS14I0 values 3/ 2w 5 TASCRN-0 rm Fhgr Inverted
"“m”“ m hon -c'}';‘i;' . 7099 | JA2CAAT Sy Buner tine Birver iy
o g £l
p' ' 'é’?zgﬂ 2@'1&& 74 “ Lafch Inverted
ow-:t o Do tBCIr | T4 Figp nyertyd
‘or Detector ™ ﬁ P.‘.I- u::.af:gl Latch Norvlm
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Radio fhaek Parts Plaee”

OVER 1000 ITEMS IN STOCK AT OUR STORE NEAR YOU!

(1 Plug-in PC Boards (4),

w NN >

— — 3) Radio Shack
(2) L Can Replace
Almost Any
1C or
Semiconductor
] il
More Than '
B e ontion Core comm acun Taccepus £o v RS | £42000000 ¢ S ! () Everyday

(23 Piug-ln Board With RS5-232 Ports 10 lor compuier
proyacts! Pradried 10 scospt o PO AS- 232 connec-
103 (such ax RS #FITE-1521) 4350« 33" TWO buses, 1020
noles in DIP patiern ¢278-187 3.99
(3) Mulli-Purpoess Plug.in Board. 4'/5 x 47 with " ghds
1276-152 1.99
Three Yoltage Source Board. Theew-bus versan of Ft L3
8276154 By
14] Jumbo Two-Bus Bosrd 4% u 3% w”, Accepts up 10 24
B-pin DIP 30ckets with plenfy O room Iof discrele Compo-
nents Two buses #278-190 5.9%

Jumbo KDiscrele Board. Lae Fig 4 but accepis up to 40
18-pin DiPs Single bus. #278-151 | 585

New “Hot-Line" Service

Substitutions |

No Minimum Order m No Postage Charge

11 ihe IC or semicondutior You need is not part of
our reqular StoCk. our store manager witl check our
néw i=siore subslilution guide and special-Order a
replacement from our warahouse. Your order will
ba sent ASAP 1o your Radio Shack sfore, We also
offer this convenignt service on seieclied tubes,
crystals, phono cartridges and styll.

Improve Your Project!

LOW
Prices!

{S) 120 VAC Cooling Fan. igeal for comput-
ers, hifi, Ham equipment. Up to 65 CFLB%
walts, 41%hex 41 e x 242% W2T3-24 . 15.95
(6) Panel Vottmeter. 0-15 VDL, Pertect for
monitoring car electrical system or a power
supply 20« x 2% 1745 82704754 ., . 7.95

{7} Two-Tone Piezo Buzrer. 100 dB minimum
sound pressure level! 816 VDC. 2% mounl-
ing hole centers. #273-070 8.95

F Join the Resistance
| (&) : {9

semiconductor Reference
And substitution Guide

Low-Cost "Insurance”
) (12)

New 1986
{8) 15-Turn PC.Mount Potentiomers. Yowsi, 109 Edition (0
tolerance. For critical fine-control and tnmming. (10) Moavy.Duty Metal Ouide varislor. Diverts
[ Ohms | Cat No T Ooly Complets  data  on [rear.ing vOlBge “Spihes’ FZTA-S88 1.69
371943 I s Radw  Shack ICs. {11) Gas Discharge Tube. s270-811 2.49

[ ! SCRs. LEDs. diodes _

10k 271-343 148 ] i {12]) Therma! Fuses. Used i collee-makers and
L 2ok | om0 | 14 ] ::t? n;g'g- ;‘:rsms& aine: Ne2iing devices. Rated 240 VAT, 10 amps.
{9) 50 Metal.Film Resislara. 1% tolerance 'awatl. | semi types Over 270 Braaks Cucow &1 Cal o Tacn |
Assoriment includes 12 popular values ranging from pages. 139" C 2701320 b
10 ohms to oné megohm. #¥2711-309 Pkg. of 50, 2.49 | »276.4009 3.99 224* C 270-1321 v |

Ready-to-Mount LEDs

Enclosure and PC Board

64K Dynamic RAM

13
(13 {13) Two-Color. Provides red - only Super
] ——— and green ouipul. A great
mode or status indicator 95 Quality
{14) Mounts in a "-dia. hole Each
#276-025 . 1.49 | Big value In 8 small. rugged plasiic enclosurs,
o ull Snap-ins. Rad outpul. | 13%ex 37 ax2%he” Inciudes PC board with 483 | 4164, Poputar standard m&mory Chip with 150
¥ lount instantly in 81" holes | DIP-spaced holes, two labels, hardware, SnAp-in | ns access, Lo ar design. How's Lthe time
= 1276-8 . ... . Pkg. of 21,79 | rubber feel. #270-201 48 2.99 |to upgrade your computed #276-2506
Capacitor Assortments /A BONANZA OF SPECIAL-PURCHASE BARGAlNS!\
2 ® 05 DC Hobby Motors Prewired TV RF Modulator
{15) 100 Disc Capacitors. In- 29 Lol only J—
| ¢ludes NPOs, Hi-Os. N.750s. 1 Ideal for use with g5
Mylar and ceramic types. Just nght for modal- o {2 compuiers, sal-
ular values. up to 1000 - | making. solar power Clty silite receivers.
#272-801 ... 1.98 | and rogotics experi. ATV, even cus-

{16} 20 Electrotytic Capaci-
1ors. Minis and subminis. Pop-
ular values and sizes. up to 50

.\-
ugﬂ@] -

ments, or rainy day fun for the
Kds! Require 1.5t0 3 VDT, Ap-
peox. 134" long x?e" diam-
eter. #273-205

fom datacom syslems and _m
axpenmants {see 985 18- C . ;>
sug of Modern Electron. %
ics, page 53). #2775

SwitCh Super-values
on |

17) Lighlted SPST Toggle.
or 12 VDC use only, rated 5
amps. Mounts in Fhe"-dia.
hole. #275-680 . .2.59
gs) Flatted Lever Swhches.
aled 6 Amps at 125 VAC,

Prewired Clock module

Computer Keyboard

Very high-guality full-stroké matna-output

(18) SPDT. #275-635 , . 2.39 board with standard "QWERTY" layout
OPDT. #275-636 . 2.69 | MA3003D-2. Flucrescenl display with a"-high | plus cursor &rrows, word processing and
J OPOT  Momentsry, Wah | digits is easy lo read. night or day Perfect for | numbered funfions—total of 75 keys. Orig)-
spring retuffi 1o cenler “off" po- | vehicies or your cwn cusiom apphcation —requires | nally produced for a compuler system. 21- =
sihon #275-837 2.89 2\ 12 VDC. 1% x 21fax 1%/2" With daia. #277.1021 position ribbon cable connector, m-;_mzy m
m
)
- o
Over 1000 lema in s1ock: Binding posts, Books. Breadivosrds, Buzzers. Capacitors, Chokes. Clips. nad Io ’haek =
Cannectors, Fuses, Hardware, ICs, Jacks, Knoba, Lamps, Muititesters, PC Boards. Plugs, Reciifi- =
ors. Relays, Resistora, Swilchas. Tools. Transiormere. Translators, Wire, Zaner Diodes. and more! A DIVISION OF TANDY COSPORATION —
Prces apoly 3t partcipIting Raden Shack 1iores and dealers §
119
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- AMNAZING
L -y

VeVICe)
PEASONAL DEFENSE AND PROPERTY PRO TION
UTILIZE SPACE AGE TECHNCLOGY.
&TIWWESEDEMSC&NBEWMN?M
POCKET PAIH FIELD GENERA TOR — IPGS)
Assernbied

PGS ., Pam

£8.00 IPGSI.... ltPans

FHASOR PAIN FELD CROWD CONTROLLER — P‘P‘F10
Assemiied
PPF1 . Pans

$15.00 PFF‘IK KivFlans sm
BLASTER - Provides 2 gmmdwﬁq
1 can Produces 3 100,

BLS10 $89 5¢

BLS1 .. PLANS . .$10.00 smx KTHPLAKS .. $69.50
PLASNA STUN GUN - Very Thmidatng and attectve B 10 10

Teet 'IN\'.I.'!J YOLTS
ASSEMBLE 9 50

mo
1 PLANS S0 00 ITMAK . KITPLANS | 889.50

RUBY LASE ARAY GUN — |tsise vewowe 16d Doam bueris pnd
(W weics hardesi of metas. MAY BE HAZARDOUS ]
RAUBIAN Parts Avalabie for Com Dwrices20.
Y L RBON DIOXIDE BURMING. CUTT e LASEn = Proe
s
E
R
S
s
E
C
¥
E
!
T
Y

Ouiesd fhagh enargy MAY BE HAZARDOUS,
T e
sgua mm?mmrmu .l

LCS Al Party Availabie lor Complering Davice
VISIBLE LASERLIGHT GUN mﬂum"g:m nﬂ&u
L
IR PULSED | ASER RIFLE — produces 1530 wall mita-red | |
ums 41 200 2000 pet sec

Al Party B Dioden Avaitable 51009 |
BEGINNERS LOW POWER VISIBLE LASER mniuoi
e yellow_ green —

2 Plans

bied Units il |

CE O meono;

des 10 exceent

3500 LHC2K . )it $34 50

SNOOPER PHONE — Allows use! 10 call s prermses sndisien
1w 0ut PhOne ever nageng
SNP20 Assembied 55,50
Swbl Flans.. . $900 SNP2K PamnGi 556 5D
LOHG RANGE MRELESS MIKE — Mwxatues devace clearly
Emits weil OVEr o ekt Super serditive. powertul

MFTH Pans . . 5700 MFTIK_ Panut . 545 50
WIRELESS TELEPHONE TRANSMITTER — Trarmvts both
mormeﬂmrmm shuts ofl automal

YWPM Plams  SBO0 vWPMSK Purat 5§39
PWS—LONG RANGE SUPER EAR WITH wiRELESS
ATTACHMENT

PSS $10.00 PWWMSK .. Ki.. 5139 50
_PWMSQ ... .. Assembled and Testl:d : 5165.50
wm!mﬁummnm Techrcans are avalable -1 1
&M hhoo Thurs 0f those needing 2e5TSLance & My Mabon Send
$1.00 for cataiog of hundreds more smdis deviess. Send ched, cash, [
MO. Visa. MC. LOD INFORMATION UNLIMI‘I‘ED ) |
DEPTRB .7 0. bo: 718. Amherst M. K. 03001 Tel §03-6734730|
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_

EDUCATION & INSTRUCTION

PRINTED-CIRCUIT BOARDS

F.C.C. Commercial General Radiotelephone L}-
cense. Electronics home stuly. Fast, inéxpansive
‘Free™ delails. COMMAND, D-176, Box 2223, San
Francisco. CA 94126,

2600 —world's largest ' Phrealk/Hack telcom com-
puter securt newsleﬂef 512 D0—year. 520.00—
ovarseas. Box 752, Middie-Isle. NY 11953-
0752. $3.00 for sarnple

Communicate arcund 1he world! Get your “HAM®
radio hcensa and call sign Complete novice kil
inciugies actual FOO quastions lnd answers. cas-
sette. manual. 8ic, 514.95 SPI-RO. Box 400-B, Fiat
Rock, NC 28731

FREE EVALUATION

and ADVISORY SERVICE

PRINTED-circuit boards Quick protolypes. pro-
duction. design. reflow solder. Send print or
descnption for quote 1o KIT CIRCINTS, Box 238,
Ciawson, M| 48017

CABLE-TY

DEALERS wanted: Channel 2, 3, and 4 noteh fil-
ters. Money back guaraniee. éend $15.00 tor
sample and quantly pnce list. Specily channel{s)
GARY KU . P.O. Box 291394, Davie. FL 33329,

DO-IT-YOURSELF TV REPAIR

NEW.__repair any TV .._easy. An can do i
wre, RESEARCH, Rt 2, Box 801BR. Cotville. WA
99114.

For  professiemal  wivcironic
by prestigious noa-prolil drganizanon
Earn University Ot;?ru {Bachelors ar
Masters) through Home Study! Credn
given for Prawious SChodling and
peofessional expanence ?qnde your
earning power. Free Details

A KON PROFIT - conTINENTAL EQUCATION ASSDCIATES

ORGANIZATION p. pax 1107 . Champlals. WY 120191197

WANTED

RADIO tubes: 2A3, 45, 505, 211, 845. V/eslem
Electne tubeS. 8mps. drivars. homs. speakers
DAYID, PO Box 832 Momerey Park, CA 81754,
Tel: {818) 576-2642.

INVENTIONS, ideas. new products wanted! Pra-
seniation o industry. National 8xposition. Call
1-800-528-6050. Canada. 1-800-528-6060. X831.

INVENTORS! AIM wants—ldeas inveniions, new
produgts, improvemenls on exshing products. We
present ideas to manulacturgrs. Conlidentiality
guaranteed Call Toll Free 1-800-225-5200 for infor-
mation kil.

REEL-TO-REEL TAPES

Ampex prolessional senes open reel tape 1800 or
2400-feat on T-nch reels. used once. Case of 40,
54500, 10% x 3500 feet and cassettes avaliable
MasterCardVisa. VALTECH ELECTRDNICS. Box
6-RE. Richboro, PA 18954, (215) 322-4866.

PRINTED-CIRCUIT BOARDS

CIRCUIT Boards, guaréniees lowest quotes and

Iree twelve hQur protolypes. Single and double

sided boards Small through large production quan-

lities. Send specihcatens—T.0 R.C.C. ELEC-

y‘azo;u;:s. Box 47148. Chicago, IL 60647, (312)
-9171

BATTERIES

NICAD batteries and packs lof radi0s, compuiers.
toys. telephones. Major brand distnbutor and fab-
ncator S A.S.E. for llyers. LYNNTRON, 6248 N. 43,
Glendale, AZ a5301.

WM. B. ALLEN SUPPLY COMPANY

OPEN SATURDAYS B AM.TO 1 P.M. WITH 24 HOUR ANSWERING TO TAKE YOUR OROER ANYTIME

TEST EQUIPMENT SPECIALS
B

V-650F

60MHz = Dual Trace
Oelayad Sweep

V.222

Arg. 51155
$896

ReY. $715
$500

20MHZ * Dual Trace
" CRT

miiin
SAVE ON

HITAC

OSCILLOSCOPES

V-212
DC-20MH2 * Dual Trace

RAnsg. 3523

RADIO-ELECTRONICS

0

DC-A0MMI = Dual Trace

WM. B. ALLEN SUPPLY

ALLEN SQUARE
300 BLOCK NORTH RAMPART, NEW ORLEANS, LA 70112

LOUISIANA TOLL FREE 800 462-9520

CIRCLE 103 ON FREE INFORMATION CARD

vV-1100

100MMHZ * Quad Trace
CRT Readout » 1mV

Reg. $2295
$1532

WwWwWw americanradiohistorv comm

V-1070

100MHZ * Quad Trace
CRT Readoul

V-1050F

100MHZ * Quad Trace
Delayed Sweep

al

Rag 31505

51196

40MHZ2 Channels = 4000
Words Per Channe!

800 535-9593

COMPLETE INVENTORY OF MULTIMETERS
AND SCOPES FROM 18 MANUFACTURERS


www.americanradiohistory.com

TENMAR 35 MHZ Dual Trace
Oscilloscope
u Two high quality 10:1 probes included

m For additionai specifications see MCM
Calalog 21t

#72-330

$569 (eai

Autoranging
Digital Mullimeier
u 3% digit m Auto polarity m Low batiery sndicator
# 10 amp AC-DC current m Conlinuity buzzer m 2%°
X 5%" x 1%" m Carrying case inCluded

#72-058 $49.80 (14) o=

$4495

TENMAR Combinatlon Function
Generator and Frequency Counter

u 6 digit display m Qutput range. . 2Hz to 2MHIZ seven
ranges m Counter range .1Hz to TOMHZ u 5-15 vat
TTL and CMOS output m Wave forma: sine, triangle.
square. pulse. and ramp

#72-380

$21990 &

TEMMAR Frequency Counter
u 8 digit LED display m Measuremenl range:
1HZ - 120MH: m High input sensitivity of

§72:375 $1 89%? i
RED

MCM ELECTRONICS

B5B E, Congreass Park Or.
Centarvita, OMvo 45459-4072
(513) 4a34-0031

SOURCE NO. RE-17

—
TEMAR® 20 MHZ Dual Trace
Oscilloscope
u Two high quatity 1001 probes inciuded
a For additional specifications see MCM
Catalog #11

#72-320

$38995 .2,

Drop Proof
Digital Multimeter

u DC inpit impedance 10Mchm m Shock-mounted
LCD display m Overicad protection m Aulc polarity

#72-057

$2995 &

¢ 310 menivm onde, $1.00 charge o ordens
T unoec 00
om]mc

s * Orcang WHOped co
L e}
’ MO GRS w34 houry.
L -Slhontlopvnl”-'m”hhﬁdlﬂ

1200 am ko Y pm EST

-Fawmummﬂ_hmﬂmand
-Shouldm nqchnenucm

B 52 T3 P balance duy wil

THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT

u 3% digit LCD display m Rotary dial tor
rapid selection of lunctions and ranges
u 20 amp AC-DC current m .10hm resc-
lulion m Carrying case included

¥72-075 544 BO (en)

$4195 &

Digitai
LCR Meter

" e ®

u Measures inductance. capacitance and

resislance m L =1 micro H 1o 200H.
C = 1pF to 200 ricro F, R = 01ohm to
20Mohm m Carrying case mcludod

#72-370

$149% |~

ﬂ

' Be Sure To Call
For Your FREE
Catalog!

Over 6,000 Items!

We also have .. a tull fine of 185t equip-
ment, compuler accessories. lelephone
aAcCCcessones. speakers, lelevision parts.
ftybacks. yokes. switches, juses, [dmps,
capacitors, resstors, CARndges, styl.
wire. CATY equipment, Ihe Largest seiec-
licn ot original Japaness semiconduc-
tors In ihe country ang more

CALL TOLL FREE 1-800-543-4330

In Ohio 1-800-726-4315 = In Alaska and Hawaii 1-800-858-1849
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WwWwWw americanradiohistorv comm

9861 AHVNWB3d

L]
-


www.americanradiohistory.com

2yl 2 BEErBAZEER IREITRRESTTLVSENEE EEILAEBNRERSRRRRREY
Qe —u._ u.” .wnu-unnnnnu”:- - nazsrsf~ --zaz ”u.wu sExm: =3z~ un..“”“uulunun
5373 ¢ [REHE R A BT T T
; “ M m AREGEERRIAREY, £ Z2ECHE FRANRNAER SEXSEANEERCHSECREREURERTONAA R
-m n _.M WH GEEEL B L LRI L L —m-mmz=Erza=rITie-md==- uﬂlnlmulxunuual »x
mw X i = AR spessdssosidanmmsndsssanmnntiz
"“ DN .m.u m Edannansanntnfzeanssgaranneenres ””””““””u-m-mxu”“““ mw”.n.unuu g %
i g ) T BT I m_mmmﬁm__m___. Ewummmm

S r mmma | mr T S mmn R AR By R g T | 2 o o e Sag--- e

1L ,E__}%m” 1 i
Y T A R

h_lﬂnhnglﬂnnnﬂINOD_ REREHERASESONERERSEELEAC KA CRAEE | EENENETEFFRNLELEERET AREERE

SPECIALT

—
| __. 14 *w
,%E .ﬁ. T

i
Cv

unsunuuu-n- -mw

” L
E ullnnnl__.._u.

-~
.

-nnnnnun__.-
BESRARREINE

m-_unu-n!::.._

i

_ |23 { _ i
] i p } _ _ =
mu_wu—m r_ almmm——_um“ -m_- :mm.m— -M_mm.m — | _“-._mmmhmmmm u.—.— n

Hl
o381 ol s R gitinny Yoyt il ol _
_.r::m_._: um mmx-u F_: m_:.wm:&_m h: ....mmmmm:u?

CUSTOM COMMODORE CHIPS

for ¥IC-20, C-64 and C-128 Personal Computers
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Commodore”® Accessories

RS232 Adapter
tor ¥IC-20 and
Commodore 64

Thep JETHNCi gyt Sxanrmsclion of slancie-d mied 5232
[rirvisisd. AeOukisivg. - by PO VIC- 20 and C-8. & 4-pote
wich sl tha wvrmon Of the 4 control B, Com.-
=] and

- Pruga ini Uner Port «

Wewals - Unes 8 3Qrai (Tran
Requey! i Send. Data Termnsd

JE232CM.

VOICE SYNTHESIZER
FOR COMMODORE YIC-20 AND C-64
Piugsin = Talking in Minutes!
AESROERIE -t o e L $99.95
300 BAUD AUTO MODEM
§74.95
PARALLEL PRINTER INTERRACE
FREE 2K Butfer Inchuded!
MW350 (For VIC-20 & C-84). . . . S69.95

TRS-80 Accessories

EXPAND TRS-80 MEMORY
TAS-80 MODEL

Jimssl x HAPPY NEW YEA

Tn " (Pl Mot Tunts O |
wd Caniruler Cad
e Apwie K N pay B

llomociroesy; (ramn
Miomins lor Apple B, 1+, By and Be*

1r

APPLE Kayboard and Case for Apple || end )i +*

et
- i ¢

R' kv A J.amecﬁ
» [ELECTROMICE

APPLE- COMPATIBLE COMPUTER ACCESSORIES

IBM® Accessories

IBM PC/XT Compatible
Keyboard

., D
lldi! LiLbiliriam k)

A

IEM-5151 mperesion an tovrmmms - 31311 . - . - 5129.95

Additional Add-Ons Available!

MEMORY EXPANSION KITS
1IBM PC, PC “Irll‘.d Compatibilas

L pro

o I prwupt of smarnad mm
IBMHK [Ning 200ns 64K AAMS}. . .. 5795
F 1IBM PC AT

e commary—_—

IBMAZ8K {Nine 200ns 128K RAMs).. $43.95

1BM PCXT Equivalent
130 Watt Power Supply
UPGRADE YOUR PCI

e T e e T o ey e+ g e + Ingut 110V @ 60Mz - Output +5YDC 8 1BA, ~$VDC @
net RS g Sl (s L WO ¥ iy Mol B Con b e T 05 +12VDC @ 4 25 —12VDC @3 44 « Phug companibhe
e b T N L e . e, K840 - Penvn i Y v e e g | CORNOCHD - Fia, I 1G04 PC - WML 6 B
TRS-18K3  200ms  [Model W) . 5595 e i IBM-PSi: i o v e ® 599.95
TRE-16Ka  250ny IModel 1) .. ... ... 55,49 e At Eovs Tt 2 Dot e g e i
TRS-80 COLOR AND COLOR I = == S Prometheus Modems
w1 oot vt iy o0 § wah 1100 36 donm s L T T 1] mﬁ- oy m ek mg.ﬂnm T
. s o whwch ) g & Fwd
BTUSRALD { UETES T I e e P | o= Fu s ot VRS o
A as P ot o iy = Grenirh 120085 whwnry) The #ll 20085
TEES ENER gt 5 e 482 Five Koy 128K RAM Card P e i e e
.....TAS-80 MODEL 4, 6P “'“‘h"““',";ﬂjﬁﬁlf,&!.*% ot | 12008 (ot S, v $238.85
: PRk TG g o am A rea's v o, ot . S ey i o et e e R A0 | PM1200BS  lwwn MITE Softwers)... .. . 527495
v C—— el e Dt A, Surwaiel . dueh - Aaas “ SK D S
gt i 4 B 1R L - .
v e 3. DL ey B |
TR DAL et e A b i s B2WS || e Iy ARAM e $118.95 n:pgﬁbw___ DI RIVE
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+ TAS-B80 Model 100 - NEC  Olivetti ,  Lrevests Crashes! _,?*W‘"' N+ and fe®
oy KOTF
smeseramen | [ SSSSEEmEEEY _
- g-h-mut-——l .Egzzm: g i MHWIIM_ B 65 55 DDC‘::.:en!lﬁon
= = —= FROHFTAY Forhppie s o o RFD4B0  (emes 55" D8 hutl-pt) $69.95
L K & e, [ 1 " - 5
TANDY 200 R ot e bt ot e o @ $4-08 ha ek ... 599.85
-:--m*-all-l-“m-ﬂ“ FD558 L] Tt )
g eap g e ety et O T e St gy | SA4SS  (Stwgan S OSnamh). .. . $99.95
MIDOR  Chandy 00 Lapanawas. . . SPR93 08, Or 2/B10995 t-—m"*'r-“'--""-"':— : toovmery | TM100-2 (Tandon S%" DS SA-MLL. ... 0 §99.95

PROMETHEUS MODEMS

Intelligent 1200/300
]

Baud Modem with Real

Time Clock/Calendar
The Proddoder ™ is 8 Dol 2124 {120073000 nlageni
B iy meonckiem « Hinerd command st compabbes

DA B adcilional estenced Command el - Shown wilh

(3 reornias
11
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MR Sapiy option
P 1200 AB-232 Stand. Alone Unit. .. .. . 5299.9%
OFTIONS FOR Prolodem 1200
o psnemmme o8 P
o os o 08
PM-OPSITK  Commmmtmins Bt Ophpm $129.85
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Jameco’s New 1986 Catalog!

Filled with New Products, Reduced Pricing
and Valuable Pin-out Data.

Send 51 Postage for FREE 1986 Jameco Catalog]

i Coder w U Pumby Oumiy
%u%ﬂ:"““ nred B B o FREE
Dot

A Fabbihi el 8% 2t Aty S e
E

1355 SHOREWAY ROAD. BELMONT, CA 94002
29 PHONE ORDERS WELCOME — (415) 592-8097 — Telex: 1786042

JMR 5% DISK DRIVE ENCLOSURES
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UYS-11EL Replacement . 178
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widih & high sensthnty * Internal
* fmgh sengdivity X-y mode * regul
rock 1oiid (nggenng

NEW RAMSEY
1200 ¥oMm
MULTITESTER

Check trannisiors. dipdes and LEDs

with this protessional quality meter.

Other lealuses intiude. Jecbel scaie »

20K voll matdnng syiigm * 3% mir-

1oreg 3Cala * polanty wich « 20

mcasunng rangas * Slety Piobes o
Mpstt pIASTE Case

s 1 9 95 11t lyady and

BRI nciwded

Save 330 on the
RAMSEY 20MHz
Dual Trace
Oscilloscope

Unsurpasied quality 81 an
unbeatable ghce, the
Ramssy OsCIOSCODe COm-
pare3 [g gihers COSHNG
hundeeds maore Features
include 8 component [es]
IHg CIiecuil 10r rEBmIor,

capatitor, dighai eircuil and digde 1eshing * TV wdec 3ymic fmier & wice Band
ficube ® front DANEl Irace rotator & F am
led power wpply & Built.an calibralor #

was 5399.95 NOw ONLYS 3G Q95 [

(NEW

RAMSEY D-4100
COMPACT
DIGITAL
MULTITESTER

Compact siaed relrability and

This LCD dwgilal muinitester Sasily fits
yaur pochat, can takg 1| anywhere
11 featutes U1 Overioad Drome .
g LCD reactust o recessed input
[acks = sdiaty probes ® diode chack
lunclion * 2000 hours ballery lte

52295 g,

THE FIRST NAME IN
ELECTRONIC TEST GEAR

[I3%] 35 muz ouaL TRACE 0sCILLOSCOPE

A neavy duty #nd ACCurale Cope 10r 3eTYViCe

® =fff
| .J; _-!’;

fer

N ERE

a8 well 23 Production use Fealures Incluce
& wicte frequency bandwidih ® gptimat sen-
wllvity # extramely bright dispilly & delayed
15 iggeTeng Ywiep & Ol ol & ALT trigger .

e gwwep ' TV 3ync ¢ SX magnification
or XY Z operatipn & HFALF noiwe

e e
3500 Dual Trace Oscilloscope

$49995 =miuw

ALL OSCILLOSCOPES INCLUDE 2 PROBES

[ 15 Mz DUAL TRACE PORTABLE 0SCILLOSCOPE

Ideal far field/bench appncationd. i3
scope can dispiay up to 15 MH2 u'!mls

y Inlernal Battery pachk anows up 1o 2

hours operation ¢h & BiNgle charQe,
Fratures nclude # bulli-in battery
charger » 5X hanzontel magnification
' high brightness CAT & front panc)
trace rolator ® inlernal rachirgeable
battary pack

=R 2500 Portabte Oaclloscope

44995 mnuy

MINI KITS—EASY TO ASSEMBLE, FUN TO USE
BEGINNERS & PROS WILL HAVE A GREAT
TIME WITH THESE KITS

MINI-100 FREQUENGY COUNTER

!ulmuwrm-p Tk Of countenl Costing fence o3 much I

luﬂ-] 'o
TENQE * Qiode Prol

r » AW Cusrenl drlin * ity BECUIBtE ®
o BhOp whe 3 RAMT 30 300 MMr

* fkdd o
ciod » T angm drpiey

s BATTENY CHanGEn TTERIES
9 9 9 5 Ha 1cAD ax

GT-70 7 DIGIT 525 MHz

AC ADAFTER [HCLU

BT~5II 9 DIGIT 600 MHz
NTER

Sempia Class T pow featuras B ivma porere Gen 1 W

w10 0 2t 2 W S0 T8 ol 4 W i 1or 30 oul ks outbu

L mnmm ll\uﬂ"lv- LD irg-
™ *

dumncy & great for PL b

PP T

ruilphes BY 10 or 100 * D1 R wsohuion &

Dusalt-s fegyrfil prramps cond-troner

4995 =

e

- [ COUNTER
FM Color Organ | Conr L o T3 e LA cuatity o 'm-_-lf-‘w:;: L Sromy o ega than 5300 Featuoes 3
" ) . e ney L mp SEiects i cate ety H
M IN I s‘".""i"&m‘::: ":ﬂ":":—":‘“u ¥ Lo m.;m;‘almrc - w.,;hnlw lnﬂi'.l';l'.‘: * diipiey hold » 25my .d‘- h’:':_m
| | o 1 L2 Typecal IO Tty * lthl v »
ghis ﬂlgkcr “:‘h e A T ey .!l:r:l‘l‘m ::':M Tt 108 WWY calbritogn
- musc One bght L4 Banay KN S I AN e e 1 s
MIKE each for. PgN. | agrematntion get- | Fer artecn wil puct up & 51 1 995 H- i - 1 4995 A s
mid- rlnge Thd, | e i Raniratery Fo et er.rom : e TR [t T
> = lows Each indk h""wl‘m g 1 BP 4 rucad paci N e Ov-14 3 7Pl ovent 1,martsse LR
:Wn-mpu;,,;..._r;m“.. U'lbﬂul“gdld]ul‘, ““M'."":.mn“ ; ™ BP.4 nacad pach -
r3a mike WA TS & uabae able a IFIves ul v L1:] -
ATz o s | abieandorvesud | pireiite Soymeg [1meoun eacrte | €1-50 8 DIGIT 500 MH2 et
1ONAI BuOi Juality oy mescs olie | 4y i (g BL-1 i COUNTE - 9 0KGIT 1.2 GHz
but i et mae Mot nchudet ™ L BN 81 6995 COUNTER
M g, Mm.lnl-r'm’n Cornple'!e kit e s
- Al ralTCtiong. CT-30 knt, T e wired nghedes
= i e 3895 CPg-1 e Ri-Y e Rpte &8 14n 16995 AC sdspler
Fit-. T Purs on 3-1F voc 1 walt T RHEI good 1
FY-J Ve ot Testwa e Kt g Cracitata “c"om- * 8P4 ricad wn
Tone Decader
M Wirslnss Withe KN Whisper Light Kit A pood
aramety o b0 W0 A An NIBEALnG mit amal mike | 987 on & 8iAQue PO - =
roeacest KAk up bunds Bng Conwprty | board Feslures 400
:’ ::1- my w':' =1|: |np|-ght Tha 1ouder It 5000 Wi Adjurlsbis 2 ¢ i
vkt Fugng on J 30 BV Typs £A2 | $2uUnd ing Dugntér the ligh range v 20 ham pod, = P s = |
s pgiudes ke conats wn 1o | e Tus s | OM-700 DIGITAL MULTIMETER Suars
oo Pt i Can also tw used 43 4 tera r
Fl KL S198 FMLZ KA 5498 i o P o K 17 vomt ;’2&”&“““‘,.,."'%‘.?;73; PR-2 COUNTER PREAMP
Il = Compirie e TD-1 S 1.-uc L wcn LED drptay v - TrePA.2 n m!::.m..d:-’ng gk wgndih
----- = pulomaic polafrhy oen 10 90 1 M » Rat £5 0 Qo & BhC
Wnibvprsd Thmor KN Mad Biester Kit ] S 1 511995 i et nBCHes ¢ gresl S ghulting AF ® sl
Pronddrd e Dbba: pafty and PC waii Ch stetic of & pobcs AC pdapter RO TY preamp
M IR 10 (WK A SOWTH U oar Bren 5 W P i rom | o700 eems s4 495 srciinchides
U Sion Imitg and pulse mt:mnn gm-ngmn W sound | on 3-35 voils uses 3.45 ahm MR- p...'“‘ﬂ 4 A adaplec
¥ v ; .
A range ol par obwroe iy gnden Fiars on &- 13 VDO w5l -1 Ereaim — A
rerg opech
7.4 ey | M8 e B Tot
314 v o
L
PS-2 AUDIO MULTIPLIER
30 watt 2 mtr PWR AMP iner Supply Kit 108 PS-2 11 nandy Kie Bigh 190Kt BuGhD PS-108 1 GHz PRESCALER

ardi e range of YU Prevact COUNtE to
1GHE * 2 1HGE PIamp + Gonde by 1000 car
Uty & gupar saniitiee (S0 MY Repieal) ¢ B
connachors o 1 GH2 ML § Wl oul * dnews ane

s 10 5799

P5 10-8 Prescalet

L

TEAMS * pativiaciiem gudrpnered & exawieg lor 10 ayn. (1 nel pleased. returndn

SRl i m I clondt = i & lov CNIDPIng and imLurERce In &

ter Luwelace mal & COD add %2 50 |00 W USA oni

$1.50 & NY residents add 1% saies Ve * 90 day g3
yeN Darty & labae wareanty il atl aited unta

11000 = weerivas

W Mu'm:mmnkn complete avth B Parts BBl cove wmw Slumbu;zmt
2 ::-d' » :::. amg u $2295 lm:l':“;.l?-:-l:‘l l?:.::‘f:ur:
. & ]
% TAY, BF sersed T-A raay krt G6os Compirle kA, Ps-u:l’eos PA-2 hn
(a2
@ AGGESSDRIES FOR RAMSEY COUNMTERS s ".
Teiescopic whip antenna—BNC plug $ a9
g High impedance probe, lighl loading 16.95 PHO"E OROERS cnl.l-
= Low pass probe. audio use 18.95
3 Direcl probe. ge heral purpose use 13.9% 7'6"‘586"3950
Yilt bail, tor CT-70, 90. 125 195 TELEx 46671 RAMSEY CI
124

s
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OuUR POLICY
TOLL FREE +Surcharge for VISA or Mastercard

800-854-8230 .o
CA Residents 714-558-8813 .mm.m.,..,, R oceilive B B

N T S P R N e D .|

= ()l S T G, G R e L el |

L

71

Lo Lt | o

uaton DRICE BREAKTHRU

e

10 b $399.00

Shugar SA712 w/Controller & Cables
Ready for instakation in |BM* PC and
Compatibles. |1 Year Warranty)

Shugan SA712 10Mp HO$229.00

Retail Value $5000
Save up to 60%

0 T D LT e T T T

s4695°° ADVANCED XT Seagate ST225 20Mb HD 419.00
I ACP PRICE
= RERNAE MY 1S S0 Sl e -
s oo PC UPGRADE SPECIAL j
1695 N

Monochrome Monitor Included
10 Mb Hard Disk

ACP has sotd over 2,000 of thig system
.' to major cuslomers inCluding RoCkwaell
Int'), Hughes Aircraft and Emulex Corp.
Ses for yourself why thase customers
prefer the Advanced XT over the IBM XT.

s269%SET OF (9) 256K RAMS

$5.95 4128 PIGGYBACK RAM

1200 Baud Hayez™ Comp. Mpdam
Short Card by U.S. Robotics with
Telpac | Sofhtware.

List s498 acp.. $179.00

| [

BASE SYSTEM CONSISTS QF: = |
« 256K Expandable to 640K on SYSTEM A Basq System (See Let) | § 995.00 ek eBe20
the Motherboard. e T ]
« (1) 360K DS/DD Floppy Disk WLl A | $1099.00
+ Senal & Parallel Pons P ol &nmaurns..w
. board w/LED" -
T g s FALULL Rl et mirill o ; $1295.00 10Mb Tape Back-up |
+ LCD, Lightpen & RF Ports SYSTEM D| Base System w/RGB Color Mondr w/TR & 1 $1495.00 Archive. #1 in L
* RGB and Mono Pons (P GOACPIEY) | Swivel base and addonsl Floppy Deve | ; w@pe back-up [T
s VLSI Circuit Design SYSTEM E | Buse System w/10Mb Hart Disk and Green | | technology. 1
* {3) Expansion Slots (FW BOACP 1041 | Monior with TR & Survel base | $1695.00 = High spess |
* Ergonomic Design & Packaglng i T e 10Mb bath-up B
* GEM or PC Works Software l::w;l ufwﬁ T‘Tm base @ | $1985.00 = for anly E
* 30 Day Warranty 41T =
: $995.00 |
ADVANCED XT ACCESSDRIES SPECIAL SYSTEM w/Prinler :|
11 & Skl Expanson Chassis PC DOS 2.1 $65.00 1. System E wath Diablo
(IBM or IBM Compatible). . .$399.00  Gw pasic_ 7500 620 Seral Prmter. . $1a9s.00 i External Box wiPower Supply
LCD Display (80x25) for use with ) 2 System F with Diablk Great for adding Hard Disk to your PC. | |
: \dvanced XT LLD Port o Pcﬂ::ﬁ:f }:gﬁﬂomm} 8500 o g&mm‘%m mmﬁm Same as photo. $179.00 |
| Monochrome Hi1ee 1ext card. . 89.95  Archive Tape B.U. (ext 10Mb}.995.00 |

lasér pnnter. Purchase for & low
Monochrome (BM style Momiter.99.95  Mantenance Manual 50.00 price of $2865.00 and we will give

256K Upgrade (Uninstalled}. .. .59.95  Technical Reference Manual.. ,50.00 you System A FREE}

DELUXE JOYSTICK
" $11.95

Compatible wiAtarl
2600, 400, 8OO, VIC-20¢

64 and Apple. ApfHe re-
quires optional cable

DIABLO 620 DAISYWHEEL PRINTER  Tvhe Finest Letter Quality

Printer at a Spectacular Prica.
Wa have sold 1000's. You can
have a spara at this price.

620 Serial. List 1495 ACP $395.00

- = T (|

620 AP List 1695 ACP 495.00 adaptor.  Adc $2.95

620 D36 .List 1695 ACP  550.00 APPLE DISK DRIVE

F-21 Sheet Feeder.Lisl 895 ACP 249.00 $115.00

620 Tractor. ... .List 395 ACP  99.00 High quality % high [

Cable . ACP  29.00 drive for Apple I, W+, :

Serial to Par. 64K Buffer... ACP 125.00 —\ 23;;;"';;,?.3227 Ifabr: H
; .00 |

1|TII[IIIII[I|I|1I |IiFII!III_|'—'_]TIIlIIiII i

r | - RFLE b G EREE PGRMATIONCARB] | [ | | RS

— !ﬁ%]e}ﬂummm 4 | Refall: 1510/ 8 E. [Efihoer @arin ke’ AR Savnie!
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DESCRAMBLER PARTS!

We stock the exact parts, PC board and AC adaptor for Radio Electronics
February 1984 article on building your own Cable TV Descrambler.

*701 PARTSPACKAGE ... 329.95

Includes all the original resistors, capacitors, diodes, transistors.
integrated circuits, coils, IF transformers (toko BKAN-K5552AXX).

702 PLoBBRARMRR .......oc.iciicooiiiortein faoinngias 12.95

704 ACADAPTOR ... ... . ... *12.95

Original (14 volts DC (@ 285ma} ac adaptor used in the article,

S:P-E-CrI-A-L-S |

BOTH #701 & #702

ALL THREE #701, #702 & #704.. . . . now*49

FREE Reprint of Radio Electronics article (February 1984) on Building Your
Own CABLE TV DESCRAMBLER with any purchase of above.

AC ADAPTOR ORDER TOLL FREE
9VDC @ 500mA . ........... $5.95 1-800-22 7-8529

inside MA 617-339-5372
PROMS 4k x 8 $3 25 VISA * MASTERCARD OR C.O.D.

P2732A (21V)

Call or write for a free catalog.
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L JUR U JIVIPA

640K
KT GOMPATIBLE
MOTHERBOARD

* 4.77 MHz 8088 CPU, OPTIONAL
8087 CO-PROCESSOR

* 8 EXPANSION SLOTS

* DK RAM INSTALLED, EXPAND-

ABLE TO 640K ON-BOARD
MEMORY

* ALL ICs SOCKETED—HIGHEST
QUALITY PC BOARD
* ACCEPTS 2764 OR 27128 ROMS

onLY $169

Compatable with all IBM-PC/XT
hardware and software. Use with
our flip-top case, power supply and
other accessories to build a com-
plete XT compatible system.

PRO-BIOS $299%

IBM XT Compatible BIOS runs virtually all IBM software, even Sidekick!
EXTRA FEATURES: Control colors from DOS
Park heads on the hard disk with Control-Altemate-Break

HARD DISK
SYSTEMS
MINISCRIBE/SHUGART $395
10 MEGABYTE HALF HEIGHT l
SEAGATE $T-225 52 5 -
20 MEGABYTE HALF HEIGHT $
Includes short slot HD controller, cables,

mounting hardware and instructions. All
drives are pre-tested. One year warranty.
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{10 B=S00H) B(H)-bbd-G 2 . 408) 94 .30
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RADIO-ELECTRONICS
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4164 200ns

. glgERSET OF 8086/8088 INSTRUCTION

= LOW POWER CMOS

8MHz ¥20 UPO70108-8 $24.95%
BMHz V30 UPO70t16-8 $26.85

% % % J SPOTLIGHT % s o %

HRB118LP -4 2 { 200w HCRROS KL

HMET18LP.Y proi] 4130w HCROOE KL

HMET | BLUP-2 20 11 20man CHOEKLM

HMEI6AF 1§ 2192x) 11 50wy CMOHS |

HMAZEALF- 1B 21921 1 50w CMOA ML

HMEZSALF-12 319223 120wl CHCA HLP
LP-Lome permrss

XTI £ £ EF T

ol Bl e i n ot

EPROMS

STATIC RAMS Y % e A HIGH-TECH % v % %
2101 25624  (450nat 1 270K 1024l
e, e semoon 33 ENEC V20 UPD70108 $20°5 @i, i
210202 1924x)  (250nalLP) ! REPLACES BOBA T0 SPEED UP IBM PC 10-40% 218 204318
2114 S e = HIGH-SPEED ADDRESS CALCULATION
- 1o7ecs || ok iN HARDWARE
AT 1924sa {15onelitpl = PIN COMPATIBLE WITH 8088

i#50ra!
1650ma
{450na{BY)
1 350ve 1 {EW)
145 0rm {5V
(4300w H15V)

| 250ma HEVIHZ 19 PGMY
(200mm) (3 121V PGMI

(2%0naliSVICMOE
LSO L5V
T S0rm)i 5V

{200vm) (5Y)
14 30w 1B

13 50naliSVI 24 PN}

1 250ves 15 W]
12 50w BV WCMOE:
1250w} BYY

21% PGA . Progeam i 71 Vol

DYNAMIC RAMS JIEEECTRONICS EPROM ERASERS
i 1 ORDER TOLL FREE d
ol -l 800-538-5000

55536x1  {150naHIV
S5536x1 |1 2OmaHA VY
$55381 (2000 15V
65536x1 {150nsi5wy
6551621 {1 S0na!{SAWREFRE BM
Te M xd  (130naHEV)
111072m1 1 1B0mai® V)

[F o T L)
H214431 (1 50nali6vE
Sapphy MEFAERM: P 1 Rapdrani

800-662-6279...

LA NN RN )
2p23e2 23

HIGH SPEED CMOS

A new larvaly of haph ppamd CMOS et “aatunng
T agmeed of kv POWEr Sohotth

¥ (B hpecal Qate

hibak

L3
-

o b R R
J2RIS28R

1295
T a4

COMTROLLERS [ =7exv: >
1.0 MMz 295
15432 295
20 195
2097132 138
::: 4578 1 9%
12748 18
582 ey I§Te5as 195
TR e
6551 595 o ::: )
561 19.95 5 0888 1.9 Lt
w581 s 5.9 138 Tanc ol
0 s FaMCos
65518 198 ol
85024 295 T 195 Jancie
65204 285 100 155 -
85224 .M 10. 7204838 184 FAHC 27
18 120 195 7aHEI0
Y N 793 1231018 185 EARESS
339 BSS1A s 150 194 ;::E;l
149 180 195 TaLE2 a S
149 17430 1.5 ATeiee MRS
235 19 TAL5257 Je ce3
a® 18,422 138 Pau
o ¥ K FaMc107
695 221184 198 AL I
169 140 193 Famc112
18 Mo 195 F4MC1 IR
148 F4MC132
b o 1.0 MH2 CRYSTAL ZeMc133
1.89 e 198 TANC 138
1.09 [l 302 5 OSCILLATORS ZaMEL13Y
X a803 "
1.9% =g § 9% 1 OMH 59
P 1.8432 59
BAOVE 555
2 W o 1. it
el
s B BITRATE % ok |
‘ 4HCT00
1% N s ¢ss [ BENERATORS - o fubsd
2.0 [ 4842 1723 | mcaaam o 498 TanCTos
4’98 A1 841 495 v Tam
Ay v 4703 § 95 TAHLCT10
m; ': f, CoMENIE Eas HHCT1Y
N 9y 88 307 . TAHETZT
THE o
ZRO.CPU TS 1T 1 TAMCTT4
- ul"s TAHCTIS
4.0 MH2 7amMcT1a
IROA-CPU ATS 1013 338 TMCT1
,g:,m. :".: A¥3 1015 495 ;wg“:
204, : TR1802 395 ah
IaoADMA 585 2651 a3 2ancTise
I5AQ2 595 a3
f:g: ;'Ig 0 ;:: IAADF %95 L 74HET IS4
oA Sic 1 59% IMARD0 s 3% TRMSS9532 1
ZB0A-5H0/T 558 TaLg 184 1

SOUND CHIPS
TRETT 155

TEANS LR ]
$51-281 19 85
A¥] IS0 12 %%
ATIEI1} 12 95
SFY000 3% 00

CIRCVITS

M5 36 S 185
M 3RS EST 4 95
MASLEYET 17
MRLA1TA LR 3
MEMSRIZ v

TaFd0
T4rD1
TaFd
TaEDa
FaF10
TaFli2
TAF G

ze3343s

EroegEn dakery) —
CMOS vary v pOwer OOMRUTENRL nrmere fomby
avwnrity. and mprovesd

canpait drive:

T4HGo0

FARE. Oprate 51 CMOS logee ivels and o il
fot . ol CMGS dimiepra

3 TaHL 148
29 FaHL151
- FaHC 164
54 FAREIST
) TAHL 158
b | Tanc 163
59 FaHC175
59 74MC240
7ML 244
] TaHCZas
- FaMCIAT
s | F4MCIAS
135 TaHEIT
&3 TAML 29
1.1 FaHC 384
TaHCITI
” HHCIM
s ) FAHC 190
1.19 FaHL 9]
119 FaHCAN T
:d FTAHCAG20
- TaHCAQ4Y
F ] FAHCA0%0

TaHLT: Deecl, drop-m replacemanty bor LS
B Can beit TR it TALE i tha s

A TAHCT166
K TAHLTI 74
] TAHLTI93
A T4HLT 194
&9 T4MLCTZ40
&9 TamiTla
- T4HCTI44
- TAHLT245
iy | F4HLT2IST
E ] TAHLCTI5S
i TAHCTITY

1.1%

195

20
E .
M

1.0

1.9

1.1%
a%
2.4
9

"%
115

-

b -
5338883833

Baizizad

3

ot |

-t e
253553878

-
)

T4F133 183 74F280 179
TAF157 1 89 TAFZE) 195
F4F2a0 339  TAF3TI W8

Faklaa 3

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENLUE IN SAN JOSE

HOURS: M=W-F, 3-5

JDR Microdevices

1224 S. Bascom Avenue, San Jose, CA 95128

800-538-5000 » 800-662-6279 (CA) » (408) 995-5430
FAX (408) 275-8415 » Telex 171-110

S CoPYMGHT 1385 JOA MICAODEVICES, ERC

THE JOR MCACDINCES LOGO i A REGISTERED TRADEMARN OF JDA MICRODEVICES. JOA deSTRAUMENTS AND JOR WSCRGDE WEES ARE TRADEMARKS OF JDA MICACDEVICES.
1M 15 A TRADE MARK OF INTEANATIONAL BUSIMESS MACHNES APPLE |S & TRADEMAANR OF APGLE COMPUTER

CIRCLE 281 ON FREE INFORMATION CARD
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PARTIAL LISTING ONLY — CALL FOR AFREE CATALOG

CmD3 7400/8000 YOLTAGE

4001 W aears ass [l ra00 a9 217 zat [l 7500 B asm 1 m REGULATORS Tosa » en .
4011 % 14433 149% Fa02 A% Talaa 1. TAR02 ] Tas1d A ¥0-220 CASE TLIT A LMTA -
4012 2% 450) A9 TAQM A% 4150 138 74503 I s N ARG a2 109 LM7AT a0
41 1% 4511 69 7404 m o 7am L] T4504 ¥ a7 7 IROST 48 TICAT 8% TLOT4 195 LW7as 59
4015 F. ] 4518 . | 7a07 n 415 (13 74505 28 T8 198 7T TLOB1 B MC1130 169
4016 . 4518 it 7 24 T4 148 74308 MM e 1 TL082 " MC1I9 199
017 49 4832 " T410 -1 T4154 ] 4510 2 T4 180 TLOa4 149  MC1IT2  a8n
1018 L] 4526 . ] 7411 I TON7 55 74818 L) 741 1 ad LW 20 M LA 158
] 4827 135 7414 49 74153 188 74530 N TAm197 1 aa LMICIK 128  LM1458 a4
a1 Ay 4528 .79 7418 28 A i) 74832 M 745224 A9 TO1IM 138 THIIM T EL B9 LNARR s
40614 “ 4808 298 7417 M 7a8d i B JAR240 149 10 2 CASE LMI11H B  Lwm1ass 49
1028 a6 4832 19% 7420 A3 Fards » 74538 B TAE241 148 7oL 3 (13 LMII7H 349  L14% F L
0627 k] 4530 " “n I T (1] 4874 48 F4224a 148 nul o ,,ug " LMITY B M2 A
4020 45 4541 129 7430 A% Fales 100 14528 95 745257 ™ OTHEAVOLTAGE AEG e 1a 149 LMIMS 135
4035 » 4883 579 7432 I8 T » 74500 15 745280 P Jnu Aol A'm Talet 7§ unl1s 1.2%  ULN2OO) .79
4040 f ] 4508 75 FAME 3 1T E ) 745112 80 748253 5 MIIKAGEs TO3 195 LM1Z0 w7900 XRZI04 LTS
4041 % 4702 12% 7442 A9 TOIT a8 FaSV24 278 TaS2W) 198 TEmOSKEY SA  TO3 7“ Lm3z2 165  xXMI21Y 28%
asa2 i 740600 E. | 7448 a8 Fap 228 Ta%138 T8 45287 19 TErA IR 1V ™3 LMIZIK  47% XRIZ4O0 198
4043 I 7414 7] 7447 N a2 7% 748140 BS  JaBaaE 189 ";‘05.‘(‘“ 33‘ YO0 1 ‘ “ LM174 T 195
4044 i T4ACTA " Faro k] Tar1de 100 T4%151 e ) 743399 145 L3l 19 I 1%
4048 1% MCBY 198 7473 M TN 115 TASY M 18 Lk y3a 198 CANMME "
4048 F T4CHL 148 7474 33 a2 79 745187 78 raBIT4 1L LM I 14 CASY ”
4047 - T4CH8 ” T479 45 1M 5 TAEE 9 TASATY AN L3 178 Calos2 ]
4049 E. 74150 g7e Fa76 as TA16 7 45181 139 TA94T1 298 LMIITK 195 CAIORS 0
4050 el 74C181 228 7403 B0 7a197 75 LMAZEK 2988 4 184
4051 53 TACIEL 9P ;::: _g: :n ;: ” : :: a1 1m0 LM% 59 "
4052 " 74C18) 98 E 4321 11 oy 1.2
4053 8% 74cisa 13y [l 7 2VE Tz 108 DATA ACQY INTERFACE SFL AT 118
AD5E i FAC1EE 1.49 Fay) k] Tazar 128 AR S ] 19%
4080 (] F4C191 1.43 492 i Tazad 108 ADCORDD 15 55 AT2E KT 15 ” nas
4088 ;. | 74€221 178 7403 I T4 195 ADCOSDA 143 A¥2R % A2 " 298
4069 A9 FACIal 199 7AYS 8 Tant 7% ADCOADS 443 B¥3S a0 15 LMIAR AP LMI¥0 a8
4078 59 FACI4A 188 7497 275 TAZEE 135 AQCORIG 1495 ATS4 a2 8 180 % umInos -
wr? I8 TACITA 19D 74100 F X | T 1.9 ARCOE1T 935 20 a2 LM3aY 1.9 LMyt 2M
4041 = TACHS 10.9% a1 . | L in ADCOREI1 B35 135 148 LM 188 k] 278
4085 7 AL A 41 a4 TAM7 ] DR CORDC 443 T S0LDERTAIL I 43 2.49
4088 {3 MET A FA12S A Tams - DACOBOE 1 3% E ] a3 LMISH 480 in
4093 49 TACRIZ 4D bR .} DACOBDE 2 %% €9 .2 TLA%A 4 LE . ]
4094 249 4 1.50 DRCTUTY B % B i TLAST b 13 N
14411 s9s T4CHIs 798 9 CacInzy ¥ 9 E NESSS n 149
13412 Sas s0Ce? . 1.9 MCIAGELE 2 ¥ 109 B MNES38 49 140
1.3 138 N334 LF . | 193
149 L% NE S84 195 195
1.69 1.4% L . ) 195
EDBECARD CONNECYORS PIN CENTRONICS 12 o Y miss i .
WRAP 7 " 128
100 MN ST 8100 azs 195 s a9s caw B NeRTC 295 »
100 PN W 100 125 455 IDCENIS  RIBBON CABLE 555 CALL NI V) 250 b
42 PN ST 1BM PC 10D 135 CENMA SOLDER CUP 4195 aa5  CAW - 18
0 mu ST APPLE 100 238 CENIAPC AT ANGLE PC MOUNT 433 8 CALL 75 1.2%
4 MN I ETD A58 186 FEMALE EXTOOL L2 45 3492 "
4 HN wWw D 158 49 IDCENM . F RIBBON CABLE T8 1IZEMQ INSERTION FORCE) = TO.5 CAN. M-TO-3. T-TO-23%

: DIP CONNECTORS R o [] LIOOES/OFTO/ TRANSISTORS
m:::nno:m: S '_l ‘_l_'_'__—_%“%‘g.ﬁlu [2a |40 [ T e o
= i ROCHETE AUGATaST | 82 |78 | 2 msl_a 139 149 108 249
F‘“’"ﬁ%"&?"“:u”lmrnm |1n||;rﬂuo |z_|o |zt0_.;u 170 (850
r@%&ﬁ“ BRI :L n_‘il_oit_qﬂ
DIF PLUQS (0C) LT _1_]1] i e |28

FOR ORDE RING 1S TRUC TIONS SFE D-SUBMINIATURE @ELOw AUGAIT :Ilrr

D-SUBMINIATURE

Lr LED DISPLAYS

l—._'-

CONTACTS
DESCRIPTION CGRDER Iy AT & E—— FND 197399 COM CATHODE X 1
| ’_ RTINS L{ ' f END-BOOS0TT  COM CATHODE 8§~ 1.
sOLDERCup | BALE | OBanP’ T usn.ullu |38 s ] FAD.307(510 1
| FEMALE | DBux$ jl | l.ll 150/1.80]2.301432] mTGHDOWA il i}a MAN 72
RIGHT ANGLE | MALE OBrxaPA_ | $.201 48] - % ] t -
| PCSoLDeR [TFEMALE | Obush 1 rzel oy : ’
MALE [ olum IECIET
WIRE WRAP | —— an7 HEX W LDGIC
FEMALY 2?-14.27 27340 417 HEX W LDGIC 290" 7.8
we MALE | IDBxaf 170298
| CABUE | FEMALE | 10Bkas | 292]320] - DIFFUSED I.EI:IS 199 100-UR
M TAL MHOOOR: | 128 _u|| .30 JUMBO mED A0 .08
HOODE T JUMBO GREEN ‘rlh A4 2
e | GNfY _1 e | 88| .} .0n|. 7| ’l J JUMBO YELLOW T 1 12
ORDEAING INSTRUG TIONS: (NSERT THE NUMEBER OF COMTACTS 4 THE POSTTON MOUNTING HOW Tiw Rl o9
MAAKED x® OF THE "OROER BY™ PART MUMBER LISTED NN RED byl 10

EXAMPLE A 15 PN RIGHT ANGLE MALE PC SOLOER WOULD BE DEISPR.

MOUNTING HAROWARE $1.00 SWIYCHES

ard i TOGGLE O DM 1
10C GONNECTORS oroT Y TO0GLE on o ]
UMY TOGGLE M DFF ON 174
; = s — T
- Ll "OY [0 [20 [28 [34 [e0 80 | ety TOOGLE OM.OFF -
SOLDER HEADER . L Bl | | - BC0 UTPUT 10 POSITICN B MN DR
[ EEcEra
nET “:l"m: HEADER - 5 L . - i u I F s"Tc“ Es
T‘l‘ ——-—-—.""m" 4 POBITION 35 T PORITION E ]
T,y T & PORITIO 0 B POSITION )
MIBROM HLADLS BOCKET i & POBITION 30 10 PORITION 138

_ _t;: f—lﬁ

FOR OROE 72w 43 TRUC THONS SET D-SUBMNATURS wovs - RIBEON CABLE

d
HARD TO FIND Let me L#ll you how much | appre Le your B
. 'u' N Sales & Customer 3orvice slaffs. My recent I A8 1% | 30
“SNAPABLE Huﬂfls yrder«as filled inAmost courtoous & prompt " a8 | 230 + A8
Iwilldeal withyounthe future t 20 | & | 330 ]
CAN BE SNAPPED APART TO mANNOr & ¥

MAKE AMY BIZE MEADER, COMTACTS the excl =F [ 4% [ 800 | 7%
Ay WITH .1° CENTERS SPACED cunl = T FRTREE )
u gmmease o B Sions n o lwiin
1n w0 | m |[em | 120

ndD x‘rnmcu‘r LEAD T a0 ..
2340 MOHTANGLE 299 5/$1.00 %6 | a8 | 7% [

CALL FOR VOLUME O-UOTES CCOPYRIGHT 1924 JDR MICRODEVICES

CIRCLE 113 ON FREE INFORMATION CARD

WWWW.americanradiohistorv.comm
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RADIO-ELECTRONICS

oroer oL FREE  800-538-5000 800-662-6279 (ca)
BARGAIN HUNTERS GORNER PAGE WIRE WRAP WIRE

PRECUT ASSORTMENT
nnl E SPEcllls IN ASSORTED COLORS #27.50
100pa 5.57. &0~ 857, 7.0”
250an 287, 48" 50"
S0fes 1.0-. 2867 0 07
SPOOLS
100 jeer W30 250 toq1 97.25
00 raer #1318 1000 twet 82199
Pipase specily cokor
Bive. Black. Yefiow o1 Red

WIRE WRAP PROTOTYPE CARDS

FR-4 EPOXY GLASS LAMINATE
WITH GOLD-PLATED EDGE-CARD FINGERS

TEAC FD-54
% HEIGHT. iBM

EMI FILTER $4.95 T 1BM
« MANUFACTURED  _an i BOTM CAADS MAVE SILX SCREENED LEGENDS
gy CONCOmM \\“__...j ! AMD WCLLDES MOUNTING BAACKET
: Ly TR o Y Wl o mnnasoe et - 1
ONE TEAC FD s AND ROOM R A FULL OR % ";";{‘)’[;’T"l"l:’“cums $-100
HEGHT HARDY oo 2C0-"~DUCTOE L PI0G-1  BAME - NO FOiL PADS 31518
MANDR MAN (53 Z CONDUCTOR *» 003 eRTALBLE Il o1 sor
PERFECT FOR T‘. Lo e IO P14 SINGLE €Oil PADS PER HOLE 822 75
' APPLE
HURRY — QUANTITIES ARE LIMITED! (Y, MUFERTING | Rloes o soron eos s
SPECIALS END 2/28/86 290-38  masusira  rast Sl 700045  fORAPRLE ite AU SLOT 3000

SOCKET-WRAP J.0.™ FRAME STYLE SWITCHING POWER SUPPLIES
L TEUTIEIES DN NUMBERS ON WRAP [:2 :: TRANSFORMERS PS-1BM $39.95 e
. Chts WRITE ON PLASTIC. SUCH ASIC s | 95 ~ofl 12ovacey 2 or 5 [l - ronmmec xTcomPaTIOLE
PINS  PARTe  PCK OF  emica| SF: Ol 2evaCET  Name 1098
) IDWRLAP OB 10 135 (O =®| | 762V AC CT 2 amr LS

" IDWRAP 14 1% 195

14 IDWRAP 16 10

= 130 wWaATTR
LR ALY WL Y Y PS.18m
SV € BA _12v (I BA

L4
L

= ONE VEAR WARRANTY

PLEASE DRDEN BY WUMBER OF

TYPE MACHINES
PACKAGESR (PCH OF)

0 DAY WARRANTY PS 130

PS-A £49.85
CAPACITORS DATARASE EPROM ERASER $34.95 + USE TO POWER APPLE TYPE

TANTALUM - ERASES TWO £PROMS |N 10 MINUTES SYSTEME

LR S 25 PIN 0-SUBGh-=os [l PS-130 $93.95
24 lowmap 24 5 194 GEMODER 1 D = ;ﬂ::?‘r;: b 1
}g :gm:r‘z : : ;g cH“"GERs E\ —— = FOR USE Iny DTHER 1BM Y

+ COMPACT-NO DRAW i « BV @AA IZVE TRA
18VITRaR b A LR METAL BLTYER | == sv P A .12V 0 34
v sl 2, g PREVENTS UV LIGHT B 5 « APPLE POWER CONMECTOR
FROM M
1Y 135 4T =

P3-8PL200 $49.95

Y P 25a vl 28a

1%V

SV @A - TIVE 1A

Y« WATT RESISTORS

S0 WY 08 » UL APPROVED
S0V 50V D& 5% CARBON FILM ALl STANDARD VALUES » ALUMINUM ENCLOSURE
S0V oV D& FROM 1 OHM TO 10 MEG. OHM
Sov oV 05 Wl 10 pcs mavewhe OB 100 PCS varw vk OZ PS-TOK $20.95
m m :}; $0 FCE  pare i 028 1000 PCE wrm wibor 018 VP AR 12V P 28
S0 Y .07 VIR IBA -3V D J0A
W o RESISTOR NETWORKS b0 L et
MONOI.I‘I'HIC SIp 0 PIN 3 RESISTOR .63 ri;‘:usj:w,w ,,,sf,s;fcﬁ
o v s sov 11 B SiP a PIN 7TRESISTOR SO M _ SU o en izveza
2474 . & DIP 16 PIN 8 RESISTOR 1.09 ATV SA 2V D 2A PS5 SPLZ00
ELECTROLYTIC | DIP 16 PIN  1SRESISTOR 109 [l .50 <20 =20 15188
RADIAL DIP 14 PIN 7 RESISTOR .99

PIN 13 RESISTOR

NEW BOOKS GY MICROCOMPUTER
STEVE CIRRCIA HAROWARE HANDBOOK
SPECIALS ON BYPASS CAPACITORS FROM ELCOMP $14.0%
UL YOUR AN d
0111 MONOUITIC 00,1000 [l ciEu SriAmvor O e as) Eouomiy ooz
.01 4 MONOUITHI 100/510.00 " n E Mo
1 uf CERAMIC DISC 100/6.50 W SACUT EELiAR vor 3 TMOGY. Zovn WP SuPROmT
A i MONOLITHIC 100,/3512.50 B CIRCINT CELLAR VOL & AND MUTH WORE?

WISH SOLDERLESS BREADBOARDS

FART | sPISTUBUTION| TiE ITERMINAL | T | BICING | |
STRIM POINTS | STRIME) (POINTS | POATE

IC MASTER §79.8¢

i*"
IVOLY Mﬂll‘l’ [N
BATTEEY HOLOER  o1.4%

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE

HOURS: M-W-F, $-5 TU-TH, 9-9

JDR MlcrOde\nces PLEASE USE YOUR CUSTOMER NUMBER WHEN ORCKAI

1224 S. Bascom Avenue, San Jose, CA 95128 /
800-538-5000 » 800-662-6279 (CA) (408) 995-5430 e O ML PTces o SUbIRCt 1o IR aihoud NOACH W
FAX (408) 275-8415 o Telex 171-110 o ypldbsorg g ciacteny - b T

£ Copynght 1985 JOR Microdevites

FID/SI £ A0 AL FDEE INENOMETION FARN -
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PARTIALLISTING ONLY — CALLFOR AFREE CATALOG

&el. PRINTER BUFFERS gl 3-WAY SWITGH BOXES FLDPPY DISK DRIVES

REES COMPUTERFORDTHERTASHS WHILE » SEA1AL OR PARALLEL TEAC

PRINTING LONG DOCUMENTS 5 L

PN o s oK wiTh ANY COMOTER OR 3 omeUTEnS FEeEr e oo o2 5200
n r 41

SHUGART

COMPUTER OR PRINTER. TO 1 PRINTER
SAA460 su- woTACK) Ds.cuac 5199.95

ALL MODELS FEATURE PAINT PalRE. +» ALL UNES SWITCHED

* HIGH QUALITY ROTARY SWITCH
MOUNTED ON PCB

* GOLD CONTACTS

« STURDY METAL ENCLOSURE

WEMQRY CHESN AND
ARAPHICE CAPABILITY

P120P PARALLEL $139.95
MK UPQRADABLE TO I58K
EDINDICATON SHOWS VOLUME DF DATRIN
BUFFER

P120S RS5232 SERIAL 518995
4K UeGRADABLE TO 256K

M SELECTABLE BALUD RATES FROM
SOOR - 19,2008

TM100-2 su'noAnluE:g).Ton 599 95 ‘d;.:_‘,

MPI-B52 s'rwonlr::!wzou 589.95

SIEMENS 8" DISK DRIVES
FD100-8 55, po sasomecurv.  5119,00
FD200-8 bs/oosausineaury. 5159.00

JFORMAT-2 SOFTWARE 14995 TANDON TRINS-Z
SUPPORT FOR OUAD DENSITY ORMVES FROM TALL TREE SYSTEME

SWITCH-3P CENTRONICS PARALLEL 99,95
EWITCH-35 RS232 SERLAL 99.95

P110 PARALLEL $249.95

MM UPGRADABLE TO $12K
FOOLS OUTPUT

OF UPTD

(HREE COMPUTERS
EDBARGAAPH DISPLAYE aMOUNT
IF GATA IN BUFFER

AESET FUNCTION CLEARS OATA IN BUFFER PRINTER
LEPE AT FUNCTION CAM PAODUCE MULTIPLE
TOMES OF A DOCUMENT CABLE DISK DRIVE CABINETS
- DB25 TQ 5%’ DRIVE ENCLOSURES
CENTRONICS CAB-APPLE RPPLE TYPE DRIVE CABINET 22495
~ SHIELDED WITHOUT pOWER SUPPLY
g CABLE CAB 1FHS FULL HE BGMT 5%™ BEIGE ORIVE CABINET #6995
WITH POWER SUPPLT
= CAR.25vS DUAL SLIMLINE $% CapinET $19.9%
VITH POWER SUBPLY - VERTICAL MOUNT

5P110

8 INCH DRIVE ENCLOSURES BY JMR

CAp-25vE %l. SUMLINE 3 mwstmnmn 2209 .95
POWER SUPPLY + RTICAL M OUNT
DISKETTES DISKETTE FILE CAB2FHS  OUALFULL WEIGHT ° DRIVE CAGINET %219.95
NASHUA 5% a 95 POWER SU « HORLZONTAL
MD2D 05/00 SOFT SECTOR 59.90 ™
MD2F D5 /QUAD SOFT SECTOR 43495
MD2H DS.HIGH DENSITY FOR AT 24995
NASHUA 8" //
FD1 5800 SOFT SECTOR 827.95 A
FD2D DS/DD SOFT SECTOR £34.95
NASHUA 3.5 HOLDS T 5’ . [NBKETTES CAB-25V5
3.55% 35" 55 DD FOR MACINTOSH $32.95
VERBATIM 5% IBM STYLE COMPUTER CASE IBM COMPATIBLE KEYBDARDS
WD1D 5500 SOFT SECTOR $23.95 :gu“‘ul"ié?F‘chf.‘:’..‘f.':'u'"-‘&'ﬁ‘.%‘é%%'! DKM-2000 $75.85

wp20D D5/D0 SOFT SECTOR 22995

wD110D 55/DD 10 SECTOR HARD & + S¥TCw ET-OUT ON SIDE FOR PC/XT STYLE
POWER SUPPFLY

+ EUT-OUT FOR B LXPANSION BLOTS

+ ALL HARDWARE INCLLIDED

* FULLY IBm COMPATIBLE

+ BI HEY wiITH CAPALL,
TANCE TYPE SWATCHES

* LED STRYUS INDICATORS
FOR CAPE NUMBER LOCK

» AUDIBLE CLICK

KB-5151 $§88.85

+ INHANCED 'BM
COMrFaTIBLE

* SEPAMATE CUNSOR AND
MUMERIC KEYPADS
» CAFELOCH & NUMBER
AOCHE INDICATDRS =1

» IMPROVED NEYBOAND uwour

NASHUA DISKETTE SPECIALS
5%" SOFT SECTOR
DS/DD WITH HUB RINGS

$9.90 09Cea 79Cea
BOK OF 10 BULK OTY 50 BULK OTY 250

SHUA DISRETTES WERE JUDOED TO WAVE THE HIGMEST
LiS AWD RECORDED AMPLITUDE OF ANY DISKETTES
TESTED, SEF "COMPARING FLOPPY DISKS™ BYTE 9.84

{TENDER CARDS

s’ 18M

ONLY

$59.95 S’

KEYOOARD-AP

*REFLACEMENT FOX
APFLE 1) KEYBOARD

GASE WITH KEYBDARD

FOR APPLE MOTHER-BOARD MODEL KE. 1000

POWER STRIPS

UL APPACVED
= 154 CIRCUIT BREAKER

$12.85

» USER DEFINED

FUNCTIOM KEYS
1 + CAPS LOCK KEY + NUMEAIE KEYPAD WITH

. s:{ongsrllurt“ A CURSOR CONTROL

0 CAPS
g 45,00 BASIC :Aufo-lnmu 2 i
AT #63.00 Chr e COMMANDS " % ‘
LE i #45.00 =
o e »48.00 $4995 T
Liaus +38.00 .

HIBH QUALITY TEST EDUIPMENT FRDM JDR INSTRUMENTS

20 MHz DUAL TRACE 35 MH: DUAL TRACE DIGITAL MULTIMETER PEN

OSCILLOSCOPE OSCILLOSCOPE MODEL DPM-1000
IODEL MODEL
2000 3500

AUTO RANGING. POLARITY AND DECIMALL
\ND WIOTH - DG TO20 M [-Jabt + BAND WIDTH - OC: 1O 35mH, | Jabt LARGE 15~ DISPLAY
AL 10 Ha TO 20MMT (-3l AC: 10 Ha 10 FSMNT 1-3am] DATA HOLD SWATCH FREETIES READING

VEEP 'nus .2 1SEC TO B SEC Dy

+ SWEEF TIME . .1 5ES TO & SEC TNV FAST, AUDIBLE CONTINUITY TEST

0 RANG ON 31 RANGES » LOW BATTERY INDICATOR m
IMPLETE mum AND HIGH QUALITY + DELAYED TRIGGER - 100 m3Ed TO 1 800 wiTH » OYENLOAD prOTECTION o
YOK.On PADBES INCLUDED INTENSIFIED AND DELAYED MODES * ONLY 1% = '8 3 MW~
PUT iMEEDANCE: 1 MEG DHM + COMPLETE MANUAL AND TX-10X COMPE NSATED * DC YOLTE 1mV 500V I
" WIDED BYNC FILTER HOOK-ON PROEES INCLUDED + AC VOLTE 1mV. 500V =
¥ AND T axI5 OPEAATION + VARIABLE HOLD OFF FOR Pt DHM~ 2 MEG OHM >
4,220 VOLT OPERATION ViEwWING COMPLIN WAVES + wslﬁul ONLY L3 DUNCES I
IMPONENT TESTER + TW VIDEQ SYNL FILTER * LDW PARTS COUNT. cusrou BO PIN LB INSURLE ~
CONSUMPFTION - 13 WATTS + TRIGGERING OF CN A CH-B. ALTEANATING. RELIABILITY -
ILT AN CALIBRATOR LUNE DR EXTERMAL » IMCLUDES MANUAL SATTERIES, HARD CASE, AND ]
JITOMATIC QR TRIGGERED TIMEBASE + K.¥ AND T AXIS OPERATION ALGATOR CUP g
CALL FOR VOLUME QUOTES ©COPYRIGHT 1388 JOA MICRODEVICES o
1
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WWWW.americanradiohistorv.comm


www.americanradiohistory.com

#JDR Microdevices -

IBM COMPATIBLE INTERFAGE CARDS
ALL WITH A ONE YEAR WARRANTY

MULTIFUNCTION CARD $129.95
ALL THE FEATURES OF ASTS 6 PACK PLUS AT HALF THE PRICE

.= 3 + CLOCK ' CALENDAR
+ - AN RAM
« SEmAL FORT
+ PARALLEL FORT
- « GAME PORT

« BOFTWARE INCLUDED
PRINTER CABLE 5995 64K RAM UPGRADE 9/56.21

COLOR GRAPHICS ADAPTOR $99.95
FULLY COMPATIBLE wiTH 1B COLOR CARD
+ 4 VIDEQ WWTERFACER RGE.
COMPOMTE COLOR. HIRES
COMPOSITE MONOLC HAOME.
CONMNECTOR FOR RF MODULATON
= COLOR GRAPHICS MODE, 220 » 20O
« MOMND GRAPHICE MODE: 540 2 200
= LIGHT PEN INTERFALCE
MONOCHROME GRAPHICS CARD $129.95
FULLY COMPATIBLE WiTH IBM MONOCHROME ADAPTOR AND
HERCULFS GRAPHICS CARD

= LOTUS COMPATIBLE

=« TEXT MODE B0 n 25

+ GRAFHIW S MODE 720 2 J48

+ PARALLEL PRIMNTER INTERFACE

* OFTIONAL SERIAL FORT 31995

FLOPPY DISK DRIVE ADAPTOR

1200 BAUD INTERNAL MODDEM FOR 1BM
INCLUDES PC TALK i COMMUNICA TIONS SOFTWARE

= HAYES COMPATIELF

= AUTO DLAL AUTD ANSWER
= AUTQO RE DIAL ON BUSY

« INELUDES SERLAL FORTY

+ ONE YEAR WARKANTY

EASYDATA-12B 3195

300 BAUD MBDEM FD® APPLE OR IBM
SPEEIT{“ e
- NOW DNLY

e $49.95

INCLUDES ASCH PRO-EZ SOFTWARE (A 8 TO0 VALUE IN (TSELF)

+ FCC APPROVED » AUTO DIAL. AUTO ANSWER
+ BELL SYSTEMS 103 COMPATIBLE + DIRECY CONNECT
+ INCLUDES AC ADAPTOR

$14.55

CABLE FOR APPLE lic

$69.95

«INTEAFACES Ur TOFOURSTANCARD
FODu TO 168 PC OR COMPATIBLES

+ INCLUDES CABLE FOR TWO
WTERNAL DRIVES

s

i oy,

160 CPS
PRINTER
MODEL ™=
PW-10804

1 99 95 Printed in Draft mode
] or Proporticnal and NLG

« VERY HIGH SPEED PAINTING (160 PS5} + I PRINT BUSFER

= GPBON /W COMPATIBLE CONTROL » DOWNLOADING FONT BUFFER

= 11 a9 0OT ORAST MODE CHARACTERS » FAM FOLD. CUTSHEETOR ROLL PAMER
= 23w 18 DOTS IN NEAR LETTER QUALITY + SOLID "BUSINESE" MACHINE

PS-1BM 1w

$99.95

1224 South Bacom Avenue, San Jose, TA 95128
BOO-652-627% (CA} & (209) 995 54030 « FAX (408) 275-8415 ¢ Telwsx 171.110

UMBELIEYABLE MONITOR DEALS

TANAN
RO VISION Il
MOOEL
MADE FOR TAXAN WY ACOAN

* &40 5 762 PXEL RESOLUTHON -
* 18 COLONS

SAKATA
COMPOSITE COLOR
MODEL SC-100
» ToF RATID FOR APPLE

1y COMPORTE VIDED
= REAOLUTION ZB0H « MOV =« (BM COMPATIELE TTL {NPFUT

SAMWO0

MONOCHROME
MODEL DM-2168

= FERPECT COSMETIC MATCH
FOR 188 PC

" INTEAMNAL AUCIO AMPMIFIER - 11 WOM GLARE SCARENM

: 1AM AND LOTUS COMPATIELE
CADLE FOR 1BM $15.85

$269.95

MDNITDR STAND

TILTS AND SWIVELS

$12.95

APPLE COMPATIBLE
INTERFACE CARDS

EPROM PROBRAMMERN $58.85

+ DUPLICATE OW GURN ANY
STANDARD 27un SERIES EFROM

« ALY TO USE MENU.DRIVEN
SOFTWARE INCLUDED

+ MENU SELECTION FOR 2718, 2702

764 b 27120

+ HiGH SPEED wARITE ALGORITHM

» LED INDICATORS FOR ACTIVITY

+ NOC ERTERNAL POOWER SUPPFLY
REQUIRED

= ONE YEAR WARRANTY

18K LAMCARO

= FULL TWO YEAR WARMLANTY

= EXPFAND YOUR 48K APPLE TD 84K

=« USE IN PLACE DF APFLE
LANGUAGE CARD

BARE PC CARD WY INFTRUCTIONS 5993

$38.95

e gy

IC TEST CARO $89.85

+ OLMKLY TESTS MANY COMMON
=3

+ DISPLAYS PASS OR FAIL

+ ONME YEAR WARRANTY

» TESTE: 4000 BEAIES CMOS
FAHL SEMIES CMOS
FADD, TALE, FaL. TaH, 748,
SOME PAOMS AN D AN

COMREX CR-1000 DUAL SLIMLINE DISK DRIVE
FOR APPLE COMPUTERS

* OME YEAR WARRANTY

* F1% GREEN PHOSPHOR
* HIKES IT MMz BAND wW1DTH

$169.95 $99.95

DISK DRIVES
__FOR APPLE COMPUTERS
Y

—  BAL-525
=T $99.95

= Vi HEIG NT-ALFE MECHANMISM
+ 100% APPLE COMPATIBLE
+ FULL 1 YEAR WARRANTY

BAL-500
$129.95

* TEAC MECHAMISM [HRECT DRIVE
+ 100% APPLE COMPATIBLE
= FULL 1 YEAR WARRANTY

[ pE———

= FULL HT. SHUGART MECHANLEM
- gng!c‘l REPLACEMENT FOR APPLE
15K 11

= SIX MONTH WARRANTY
=
I lﬁT AD-3C
. L ]
+ 100% APPLE ic COMPATIBLE.
MEADY TO PLUG IN W SHIELDED
CAMLE & MDLDED 19 PFIN CONNECTOR
+ FAST, RELLABLE SLIMLINE
HMAECT DRIVE
+ 81X MONTH WARRANTY

FOR
AFPLE lic

FOR
MACINTOSH
MAC 535
$249.95
a 18" ADD-ON DIEN DRIVE
+ 100% MACINTOSH COMPATIBLE

+ $INGLE 51DED 400R BYTE $TORAGE

+ HIGH RELUABILITY DRIWE FEATURES
AUTD EJECT MECHAMNIEM

+ FIML ONE YEAR WARRANTY

DISK ORIVE AGCESSORIES

DISK CONTROLLER CARD
APPLE I)c ADAPTOR CABLE
ADAPTS STANDARD APPLE DRIVES
FOR USE WITH APPLE M

$199.95

#49.95
#19.95

SPACE SAVING DESIGN
STACK BETWEEN COMPUTER AND MONITOR

= QUNET. RELIABLE ¥ HEIGHT ORIVES

+ TOTAL STORAGE CAPACITY. 2861 BYTES

« AUTO-EJECY MECH ANISM B
FD-558 bp%/00 9.95 [ « s+iELDED CABLE INCLUDED

FO-35F os/quap $99.85 INCLUDES CONTROLLER ANO DOS 3.3 WITH DISK UTILITIES
ALL MERCHANDISE 100% GUARANTEED

CIRCLE 263 ON FREE INFORMATION CARD

CLOSE-OUT SPECIAL
WHILE SUPPLY LASTS

ELECTRONICS

D COPYRIGHT 1985 JOR MICAODEIVICES
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\Nhat's New af

AMERICAN DESIGN COMPONENTS?

“"The Source'’ of the

alectro-mechanical componants
for the hobby/st.

e warghouse 60,000

ltems at American Design
Components — expensive. often
hard-to-find components for sale
at a fraction of their original cost!

You'll find every part you

need — sither brand new. or
removed from equipment {RFE}
in axcellent condition. But
quantities are limited. Order
from this ad. or visit our retail
showroom and find exactly what
you nead from the thousands of
itams on display.

Open Mon. - Sat,.9-5

THERE'S NO RISK.
)

19° COLOR
X-Y DISPLAY

Crigmally designad 1or use i Atdri coin-
operated games. Contans 3-gun color
wbe, focus and brghiness controls. Re-
quues exlernal X-Y inputs, 250-0-24v
transiormer for power. May be usad for
oscilloscopes, reprogrammed lor game
us®. of modified with the use of extern-
al vertical and hosizontal oscillators 1o B
ras10t scan display or TV monitor loe
computei use. IBM compatible.} Trans-

former Supplied
nem #5449  $129.00 New

5% " DISK DRIVE
% HT: 96 T.P.L

Tandon TMS5-4 DS/ Quad

COMPUTER

/-

Sarial rormat Searcn BOIPS
Read! Wme 20IPS 12V moter,

caties Ongnally desgred fot
v Adarm.

TAPE DRIVE tFor Adpm)

S logic, B & B pin connector

ASCIl
75-KEY KEYBOARD
For Adam .

ASCH B bt senal oulput
detgred for th Adsmn.

75-KEY MECHANICAL
KEYBOARD — For Adam

‘Hx';‘i'u'a’n 114t

IIHII'

For computet upgeass .

21 uasedelned havs, SPST me-
charncel switchaa, 2 190 nbbon
cabie Conmacton Gerws s mathut-
Tions for rephacEmnt of muarnds ane
hrytorte el Undate computen
uch a8 the Tenex Sencles 78101000

Originalty
ftern #1504 $TO.50 | Dwm: 8 W a 3% "Hrd-deep | Dim: 18" Wx 25 -H:B% D | Dim. 13% "W x 1% "Ha §°0.
21 5150,00 frem sttt 59 95 New | nom 76643 $19.95 New itoen 266430 59.95 pnew
LINEAR DISK DRIVE |SWITCHING ' of the "ADAM' | COMPUTER & GAME

POWER SUPPLY

i
luﬁ%g&'nl g

DCOuput, -8y © 200 ma.
+6Y @ 3 amps
+ 12V 8 2.9 amDs
+ 18V linductreel @ 1 amp
Wput 115v/80 He,

POWER SUPPLY

4

gt 118/230VAC, 5O/GO0Mz
Outpet.  12vDC € .17 amis
+24vDC @ 2.2 ampa
+SVDC @ 3 amos
D 7%" w 8% "

Logec board for the Adam Com-
Putet Inchades tha Tolowing

COMPONINTS

B ea 4164 43, T:L5157
F4LS541. LS27IN

2 ra {MADSE. plus micro
pencessors with ROMS.

CONTROLLERS
(Setof 4)
For Adam

12-gigh keybaard

9-pan connecion,
Can alro ba ured with Atad.
Dy B% "Lx 2% "Wu 2% "M

ROBOTICS KIT
[Speings, Boe, Pulleys & Gears)
Conglets of:

9 Timing Betts 17,57 1o 13"

2 Roung Bets 1127 to 157
15 Nylon & Plastc

Spuwr & Dy Gears

22 Torson Sprngs

& Compresmon Pulerys
19 Ternalon

TOY MOTOR KIT —For Robotics
Consmis of
18 nsIt toy motora. fram 1.5V te 12VDC.

item #7229 $9.95 new _

SWITCH KIT
35 Ass’t. Switchas

Conusting of 35 sssorupd: Dip, Toogle.
Shde, snd Sensitva Misature and S1andand

Size Switches
Ty rem #5307 59,95 new
RELAY KIT
15 Ass’t. Relays
Conasting of 15 axst'd, AC & DC Relavs,

By, 12V, 24V, & 115V, Al types
nem #5308 59,95 New

toe #6306 $14.95 new

Chassss Dim: 11"Wxd*Hu 8D [Mmtr — Asiec #AATTION Mir = Coleco I = Coleco # 78002

tiom #6642 $14.95 jaw [iam 25353 519 95 pew, | liem #7221 $9.95 pre | tum #7013 £9.95 new
115 CFM MUFFIN 30 CFM PRINTER PLUG-IN

FAN T MINI MECHANISM POWER SUPPLY

16 VAC/G0 Hr,, 21W, 28B4 |
3100 RPM. S blade Mo, phu-

minumhousing Can ba mounted

for bowing of extuust

Dim.: 4'%."3q x 1% "deed
wem #5345 57.96 nrre

With sdu siable

peed control $10.95

FANS

26vAC & 6-12vDC

tor cooling o £ haus!.
D3 99 0 1% " geen
12¥0C — Papn #8212

item #7017 $12.95 pew
2BVAL — IMC Pewwee”

Itern #7018

PUMPS COMPRESSORS BLOWERS

TIMERS

160 CFM
CENTRIFUGAL
BLOWER

11SVAC/E0HE , 2 2 amps

IDO0O0 APM Flange mowni
Outlet 37 x 3%,°

Inlel 4% ° dea
Demn. 8% "HXB6™. "Wx814"0

RELAYS VOLTAGE

Rechargeable
{Sealed)

GEL-CELL
BATTERY
12v @ 1.9AH

B -
P

For use with model cars,
pirw. boats, planes. eté
Own: 77Le 2% “Hx 1D

Lo nouwa krvel Cam b mounied

37-95 New

Originally deswgnad tor the
Gavaun computes:

% Controncs interf ace

+ BO Calumn wiadth

" Frciion drowe tschemalc ncl 1

nem #6223 $19.95 new

MOTORS P
REGULATORS POWE

Rechargeable NICAD
BATTERY BACKUPS

12v Y
@ ~
450 ma
Contara 10 AA colla Rochampe
e 45 ma 1619 hours. Cate
with fab output EOMMBCHING.
Oem : ?'&.'H %1% “Wa 2", "L
Mtr = GE 123233 or oy,
hems5443  $5.95 are

13@?\! }'_.".. “
1.65 AH

Contans 11 C ool For model
boats. 10ve. atc

OUTPUT:

+8vDC, 9a

5 vDC, 1A

+12 vDC, 3A
INPUT: 120 VAC/BO Hr., .25A

Caleco #6556416
$6.95 new

Mir
iterm £ 1BB2

-NTIODMETERS COUNTERS
R SUPPLIES

TELEPHONE

Bl
&
) (g

Originally gexgned 13 maunt BN
Teie Video computer, and plug inta
mogem. May ba used a3 & Kandard
phone Touch-tons. muls bution,
pulse, redial tution, with 12° cord;

hory. Comea with MOUNtng trackat. |

IC SOCKET KIT
100 Ass't. Sockels
Conusng ol'olouo'- assorted IO 1pckety,
From ]
i em #5309 $9.95 New

COMPONENTS PARTS KIT
Hundreds of components!
Consiating o1 Hoa Sinks, Capacitor, THm
pots, Resstors. and MORE!

e 27230 515,00 New

ORDER TOTAL |

Mir = Fasco 50755 of eauv. | \atr . power-sonic 2P51219 | Mir - GE 4180358800101
tem #8152 3 10.95 are | iem #7021 $9.95 Ny soaas £15.95 Naw | em #7232 $9.95 now
AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE. N.J. D7074  MINIMUM
| YES!| Please send me the following items: My check of maney order 18 enclosed OROER
ham Hew Charge my crede card. $15.
No. Deacaption Price Tats visa [ Master Card Amex RE-26
I Card No.
Data
I QnetLne
I wophont. Arpa Cooe Mot
Tont | Namg
Shipping & M g wa Hep UPS unless
B r specited. Add §3 phas 10% total Aodress
C-ln-dlln #3 phus P.O. cost Chaege only.
Sates Tax (N.J. rasikdents only,
tiease 30d 6% of tots) State o

AR inquicies and frew caldlog requesis colf 301-939.2710.

| For ali phone orders, cai TOLL-FREE 800-524-08089. i New Jersey, 201-939-2710.
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RADIO-ELECTRONICS

SPARTAN Ehevtranios i

The Conununicition and Flecironk Source

(516) 499-9500

6094 Jericho Tpke.
Commack, N.Y. 11725

GENERAL INSTRUMENT
58 Channel Remote Coniroller
o On:off fing tune

& Installs in minutes $79. 95 1‘#

o Wielesy

LCT-58

HAYES Smartmodem 1200

—
® Foll of Haif Duplex

* 300 8PS qr up to 1200 BPS

L] ﬁwm?:nr and Aghe Deal

» Connects directty [o fxie-
$395.95 * Corneet arecty

'CARROL TOUCH 232LT Line Tester

* e accessdubty

¢ True Tn-slale mon

: li?b:gm Leds Iéec greenl

Y requar

¢ Complete Accessones $159.95
Dueatrie case. reference tard 2 Y um)
Strkighl panper cables. 10" male Lo female
2o cable, and an 0pERIOr'S Maaual

1 cables. §
232C exien-

NEW 12" DIAGONAL MONITOR

* Motochiome Green
o et 2 nes  992.95
& 700 ing resolution o center  Ambar
+ hon-flare CAT $97.95
e
PHILIPS REMOTE
CABLE
B ot CONVERTER
* Maro

COMDA Schakiy ouurumnmamn_
Peeent dutt ® B0 channel telecion meralyly Lowt a8 4

o @ 24 howt LED e ciech @ rmmmlrm‘w
Kl o Worres N R o bt * ARyt
'ﬂ-! ® Aactiree W vy B beevrnon o Ol peae sareanty Bk

RS232 TRANSMISSION LINE TESTER

Featores: "Male 10 Femake connector for

easy | e R5232 “Tast 7 a
Lines (10, RD, ATS, (15 05RA L0, DTR) )
I.ED ¥ lo ™RCA statvy @ each
Nmmwnszsnhmm $19.95
pawer needed .

WELLER Temperature Controlled

Soldering Station e
o Control Panges 600 F. 200F. m
800 F __‘! . A

« Change temperalure by
smply eharging he neal

-gmr?}
¢ 5onge Tray 101 exdra tps and ©
Ceaning Sponge wih 3,.;.." $99.95

& Comes wih W- screwdrver by 700 F
o 3w 4 5" long cond

SGL WABER DATAGARD

Spike & Noise Suppressor

Datagard DG115S provdes a
NQle-5300 speke fiiter anid a

Y
SNl STIOE hoite Titer
nst moo:::e and

mleneerence coming Mrowgh

FROTELT YOUA COM-
the watl outiet

PUTER WiTH DATAGARD

Fa Ty e o
Tl FROTILLIN

Volume DsCounis

(516} 499-9500
TELEX: 551427 SPARTAN Sat- 9305

Store Hours Mon-Fri 9-6

CIRCLE 75 ON FREE INFORMATION CARD

269.270

79

nr
117
59

1. 113
1 62

ADVERTISING INDEX

RADIO ELECTRONICS does not assume any responsibility for er errors that may appear
In the index below.

Free Information Number

AlS, Sarellite .
AMC Sabes.

AP Producis

Ad Sart

Advanced Eleetronics

Advanced Combmer Products.

Adl Electronicy .

Amising Devices,

American Design Componenls
B&K Precision

Bechman Industrial.

C& S Naden .

C.OALE,

CiE

Camco Enterprises
Commniand Productions.
Communkulions Electrunics
Cupper Flectronics .

Deco Industrie

Iefrax Dynamie .

Dick Smith Elecironics
Dichl Engineering

[Heds] Enpineering

[¥gzi- Wy

[¥igital Revearch Compuiers
Trgitron

Eant Coasl Transistor "aris
Elecironlc Salvake Parts.
Elephani Elecronics

Emco |,

Etrenlx

Firesdik 11,

Fluke Manufacturing
Furdham Radio

tirace Yndusivies .

Granthem Collexe of Engineering

Halix Instilute

Heath .

ICS Conpuler Truining.
& W

JDR Instruments

JDR 3lierndesices

JOR Microdes bees

JDE Microdesices

DR Microdesices.
Jameco

Junies Waller Satcllile Rec.
Jan Crysials.

Juscph Elecirunics.
MCM I'kclrunics

MK .

Alark Y. Flecironics .
AMeGruw il Book Club.
Micro-Alart .

Mocaing Distributing .
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32

26
DALY

4143

105-107

95. 1
113

7
Va3
22

1

131
132133
131135

13
122,123

X3

103

15

121

1s

138

17.101

14

23

117 Munsrr 113
—_ NRI 8
— NS 36
I OK Industries 27
30 Ominitron . ki 1
— "acific Cable Ly
ns Pacific One. 3
54 I'hocnit Instltute of Technolopy 93
1 Pamuina Electronies, Cvl
s Prinl Products Inicrnational 26
xs Projecior Recorder Belt | 104
126.255 RAG Electronics, 5.30.21
78 Radio Shack 19
0 Ramuy 14
64 Regencs 50
%6 Sarmoga Electrunics. M
i/ ] Saucer Ciry '
T4 Solid Stale Sales M
15 Spurtun Electronles L]
257 Tehtronix cvy2
102 Trio-henwood 97
158 U.5. Insirument Rentals 41
267 Wavelck 16
103 Wm B, Allen 120

Gernshack Publications, Inc,
204 Park Ave. Soulh

New York, NY 10003

1212) 7776400

President: Larry Stechler
Vice President: Cathy Steckber

ADVERTISING SALES 212-777-6400
Larry Stechles
publisher
Arline Fishman
advertising coordinator
Shelh \Weinman
adwertising associate
Lisa Sirassman
credil manager
Denna Sala
credit associale
Naomi Matten
acvertising assistant

SALES OFFICES

EASTAOUTHEAST

Stanley Levilan

Eastern Sales Manager
Radio-Elecironics

200 Park Ave. South

New York. NY 10003
713-428-6037. 212-777-6400

MIDWES T/ Texas A rkamsas Okla.
Ralph Bergen

Midwest Sales Manager
Radio-Electronics

540 Frantage Road—Suite 339
Morthield, 1L 60093
2614

PACIFIC COAST! Mounlain States
Marvin Green

Pacific Sales Manages
Radic-tlectronics

15335 Momison SL—=Sulte 227
Sherman Qaks, CA 91403
818-986-2001
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What Pomona knows about banana
plugs and adapters would fill a book.

For over 30 years the Pomona Eiectronics line of banana plugs,
jacks and adapters has played a major role in our ability to stay on the
leading edge of electronics test technology.

Every year we add new banana plug products to make your life
as a professional design engineer a little easier. And the complete
line is listed in our 1986 General Catalog.

In our new book you'll find over 400 models that utilize or
adapt banana plugs in sorme useful fashion: plugs, jacks,
binding posts, adapters, patch cords and cables, in standard
or miniature sizes. You name it and you'll probably find
exactly what you need in our new catalog,

Here's how to get your copy of our 1986 General
Catalog: Just circle the reader service number
below; call us at (714) 623-3463; write us at
Pomona Electronics, a division of ITT Corp- >
oration, 1500 East Ninth Street, PO. Box e
2767, Pomona, California 91769. e

Our products are available -
through your favorite electronics
parts distributor,

ITT

Pomona Electronics

CIACLE 101 ON FREE INFORMATION CARD
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Model DCM-602 Model DVM-634 Model DVM-638 Model DVM-636

$6995 $4875 $7995 $6275

S 4 | 7 lunctions, 32 ranges. .
J'/2 Digit Capacitance Meter | Transistor measurement rr:ctgggolns‘g!ae;:?%g?ecw 8 fl.II"ICIIIOf‘iS, 37 ranges.
8 ranges with full scale values to 2000 uF | ncluded s, viso-.?aj conte ' Capacitance measurerneant
FEATURES « Broad tes! range - 1 pF to 1y, included.

2000 uF « LS circuit provides high capacitance and conductance

reliability and dyrability « Lower power 32 Digit Muitimeters Measurement
consumplion « Crystal lyne base FEATURES « DC Voltage 100 uV - 1000 V « AC Voltage 100 uV - 750 V « AC/DC Currenl
« Protected Wom charged.capacitors 200 uA - 10 Amps » Resistance 20 Megohms » Capacitance (DVM 636/638) 1pF - 20 uf
» Frequency range - 800 Hz 10 8 Hz | ‘'« Overload Proteclion « Auto-decimal LLD readoul « Polarity indication » 3000 hour
% | battery life with SV transisior battery « Low battery indication
ASK FOR FREE CATALOG. Servica & Shigping Charge Schedule
Money ordars. checks accepted. C.0.0.'s require 25% deposit. E @ @ Conlinenist USA
FOR ORDERS ADD
S1o1:5250 3500
Toll Free $251:500 5800
$801-7%0 S105%0
OrdndaMsoesoss | = i
S1.00M-1500 S|Gg
N $1.501-2000 520
[ (S ’ i 5
260 Motor Parkway, Hauppuge, NY 11788 In NY State 800-832-1446 | =00 s o £°%
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