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2213A/2216A/2235
DUAL TRACE OSCILLOSCOPES

THE ANSWER
BY ANY MEASURE

TEK

Now! Tek quality and expert advice
are just a free phone call away!

The industry
standard in CRT
performance.
Crisp, easy-to-
read, bright CRT;
14kV accelerating
potential, provides
high writing rate
and small spot
size. Full size 8x10
cm display for
measurement
accuracy.

Display controls
are flexible and
easy to use. Sep-
arate intensity
controls reduce
blooming in alter-

nate sweep mode.

Focus tracking
minimizes control
adjustment and
BEAM FIND elimi-
nates confusion.

Vertical sys-

tem provides
measurement
assurance. Flat
transient response
and high accuracy
ensures true
reproduction of
your signals. Fast
risetime and high
bandwidthis well
suited for a variety
of measurement.

Perform delayed
sweep measure-
ments accurately
and easily. Both
sweeps can be
displayed alter-
nately making dif-
ferential measure-
ments easy and
accurate (1%).

An interlocking
SEC/DIV control
simplifies set-up

Stable hands-off
triggering. P-P
AUTO detects sig-
nal peaks, then
sets the trigger
level for you. Dis-
play asynchronous
signals using
VERT MODE trig-
gering. Indepen-
dent TV field and
line selection.

Front panel laid
out by function
for ease of use.
Color coding aids
the user in opera-
tion. Functions
and modes are
placed logically.
All nomenclature
is clearly labeled,
and protected
behind a scratch-
less Lexan surface.

|
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1-800-426-2200

Our direct order line gets
you the industry’s leading
price/performance portables...
and fast answers from experts!
The 60 MHz single time base delay

have the bandwidth for digital

and analog circuits. The sensitivity
for low signal measurements. The
sweep speeds for fast logic fami-
lies. And delayed sweep for fast,

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

2213A, the 60 MHz dualtime base  accurate timing measurements. vice backup.

2215A and the 100 MHz dual time All scopes are UL Listed and CSA

base 2235 offer unprecedented approved. Order toll free:
_regabstht;: E}ndt%‘fordabmty, pltus: the You can order, or obtain 1-800-426-2200,
industry’s first 3-year warranty ; 2

on labor and parts, CRT included. Mpraturo, dwaughihe Tex Ask for Rick.

National Marketing Center. Tech-

The cost: just $1275 for the nical personnel, expert in scope In Oregon, call collect:
2213A, $1525 for the 2215A, applications, will answer your (503) 627-9000.
$1750 for the 2235.1 Even at questions and expedite delivery. Or write Tektronix, Inc.

these low prices, there's no
scrimping on performance. You

P.O.Box 1700
Beaverton, OR 97075

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

Tektronix

COMMITTED TOD EXCELLENCE

Copyright © 1985, Tektronix, Inc. All rights reserved. #TTA-439-3, 1Price FO.B. Beaverton, OR. *3-year warranty includes CRT
CIRCLE 257 ON FREE INFORMATION CARD
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COVERrR 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 itto transmit signals fromyour VCR in one roomtoaTVin any
other room in the house—all with wireless convenience.

Our thanks to Magnavox for providing the LoLite 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.

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

Since some of the equigment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO-ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or selling of any such
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney.
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Scanners

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

NEW! Regency? MX7000-K
List price $699.95/CE price $429.00/SPECIAL
10-Band, 20 Channel ® Crystalless ® AC/DC
Frequency range: 25-550 MHz continuous coverage
and 800 MHz to 1.2 GHz continuous coverage
In addition to normal scanner listening, the
MX7000 offers CB, VHF, and UHF TV audio, FM
Broadcast, all aircraft bands (civil and military),
800 MHz communications, cellular telephone,
andwhen connected toa printer or CRT, satellite
weather pictures.

NEW! Regency® MX5000-K

List price $599.95/CE price $329.00/SPECIAL
Multi-Band, 20 Channel ® No-crystal scanner
Search ® Lockout ® Priority ® AC/DC
Selectable AM-FM modes ® LCD display
World's first continuous coverage scanner
Frequency range: 25-550 MHz continuous coverage.
Never before have so many features come in
siich a small package. The Regency MX5000
mobile or home scanner has continuous cover-
age from 25 to 550 MHz. That means you can
hear CB, Television audio, FM broadcast sta-
tions, all aircraft bands including military and
the normal scanner bands, all on your choice of
20 programmable channels.

NEW! Regency® MX4000-K

List price $629.95/CE price $299.00/SPECIAL
Multi-Band, 20 Channel ® No-crystal scanner
Search ® Lockout ® Priority ® AC/DC
Selectable AM-FM des ® LCD display
Bands: 30-50, 118-136, 144-174, 440-512, 800-950 MHz
The Regency MX4000 is gives coverage in the
standard VHF and UHF ranges with the impor-
tantaddition of the 800 MHz. and aircraft bands.
It features keyboard entry, multifunction liquid
crystal display and variable search increments.

NEW! Regency® Z60-K

List price $379.95/CE price $216.00/SPECIAL
8-Band, 60 Channel ® No-crystal scanner
Bands: 30-50, 88-108, 118-136, 144-174, 440-512 MHz.
Cover your choicé of over 15,000 frequencies
on 60 channels at the touch of your finger.

®

Regency

NEW! JIL SX-400-K

List price $799.95/CE price $469.00/SPECIAL
Mult-Band, 20 Channel ® No-crystal Scanner
Search ® Lockout ® Priority ®# AC/DC
Frequency range: 26-520 MHz continuous coverage.

With optionally equipped RF conveilers 150KHz-3.7 GHz
The JIL SX-400 synthesized scanner is designed for
commercial and professional monitor users that de-
mand features not found in ordinary scanners. The SX-
400 will cover from 150 KHz to 3.7 GHz. with RF
converters. Order the following RF converters for your
SX-400 scanner. RF-1030-K at $259.00 each for
frequency range 150 KHz.- 30 MHz. USB, LSB, CW and
AM. (CW filter required for CW signal reception); RF-
5080-K at $199.00 each for 500-800 MHz_; RF-8014-K
at $199.00 each for 800 MHz.-1.4 GHz. Be sure to
also order ACB-300-K at $99.00 each which is an
antennacontrol box forconnection of the RF converters.
The RC-4000-K data interface at $259.00 each gives
you control of the SX-400 scanner and RF converters
through a computer. Add $3.00 shipping for each RF
converter, data interface or antenna control box. If you
need further information on the JIL scanners, contact
JIL directly at 213-926-6727 or write JIL at 17120
Edwards Road, Cerritos, California 90701 U.S.A.

SPECIAL! JIL SX-200-K

List price $499.95/CE special price $159.00
Multi-Band- 16 Channel ® No-Crystal Scanner
Frequency range 26-88, 108-180, 380-514 MHz
The JIL 8X-200 scanner tunes military, F.B.l., Space
Satellites, Police and Fire, Drug Enforcement Agencies,
Defense Department, Aeronautical AM band, Aero
Navigation Band, Fish & Game, Immigration, Paramedics,
Amateur Radio, Justice Department, State Department,
plus other thousands of radio frequencies most other
scanners can't pick up. The SX-200 has selectable
AM/FM receiver circuits, tri-switch squelch settings -
signal, audio and signal & audio, outboard AC power
supply - DC at 12 volts built-in, guartz clock - bright
vacuum fluorescent blue readouts and dimmer, dual
level search speeds, tri-level scan delay switches, 16
memory channels in two channels banks, receive fine
tune (RIT) £ 2KHz., dual level RF gain settings— 20 db
pad, AGC test points for optional signal strength meters.

Regency® HX1000-K

List price $329.95/CE price $209.00
6-Band, 30 Channel ® No Crystal scanner
Search ® Lockout ® Priority ® Scan delay
Sidelit liquid crystal display ® Digital Clock
Frequency range: 30-50, 144-174, 440-512 MHz
Ihe new handheld Hegency HX1000 scanneris fully
keyboard programmable for the ultimate in versatil-
ity. You can scan up to 30 channels at the same time.
When you activate the priority control, you automat-
ically override all other calls to listen to your favorite
frequency. The LCD display is even sidelit for night
use. Order MA-256-K rapid charge drop-in battery
charger for $79.00 plus $3.00 shipping/handling.
Includes wall charger, carrying case, belt clip,
flexible antenna and nicad battery. Order now.

NEW! Bearcat® 100XL-K

List price $349.95/CE price $229.00
9-Band, 16 Channel ® Priority ® Scan Delay
Search ® Limit ® Hold ® Lockout ® AC/DC
Frequency range: 30-50, 118-174, 406-512 MHz.
The world's first no-crystal handheld scanner now has
a LCD channel display with backlight for low light use
and aircraft band coverage at the same low price. Sizeis
13" x 7" x 2%’ The Bearcat 100XL has wide frequency
coverage that includes all public service bands (Low,
High, UHF and “T" bands), the AM aircraft band, the 2-
meter and 70 cm. amateur bands, plus military and
tederal government frequencies. Wow...what a scanner!
Included in our low CE price is a sturdy carrying case,
earphone, battery charger/AC adapter, six AA ni-cad
batteries and flexible antenna. Order your scanner now.

NEW! Regency® HX2000-K

The World's First800 MHz. Handheld Scanner
List price $569.95/CE price $359.00

7-Band, 20 Channel ® No-crystal scanner
Priority control ® Search/Scan ® AC/DC
Sidelit liquid crystal display ® Memory backup
Bands: 118-136, 144-174, 440-512, 800-950 MHz.
The HX2000 scanner operates on 120V AC or 6 VDC.
Scans 15 channels per second. Size 3" x 7" x 1%."”
Includes wall charger, carrying case, belt clip, flexible
antenna and nicad batteries. Selectable AM/FM modes.

MX4000
HX2000

MX7000
CIRCLE 79 ON FREE INFORMATION CARD

NEW! Bearcat® 800XLT-K
List price $499.95/CE price $329.00
12-Band, 40 Channel ® No-crystal scanner
Priority control ® Search/Scan ® AC/DC
Bands: 29-54, 118-174, 406-512, 806-912 MHz.
The Uniden BO0XLT receives 40 channelsin two banks.
Scans 15 channels per second. Size 9%" x4%" x 12%."

OTHER RADIOS AND ACCESSORIES
Panasonic RF-2600-K Shortwave receiver.......$179.00
Panasonic RF-B300-K Shortwave receiver .. $195.00
RD95-K Uniden Remote mount Radar Detector $139.00
RD55-K Uniden Visor mount Radar Detector . $119.00
BC 20/20-K Bearcat 40 channel scanner .. $274.00
BC 210XW-K Bearcat 20 channel scanne|
BC-WA-K Bearcat Weather Alert™
DX1000-K Bearcal shortwave receiver. . :
PC22-K Uniden remote mount CB transcewar ..... $99.00
PC55-K Uniden mobile mount CB transceiver
Z10-K Regency 10 channel scanner
Z30-K Regency 30 channel scanner .............
Z45-K Regency 45 channel scanner .............

R1060-K Regency 10 channel scanner............

MX3000-K Regency 30 channel scanner $£189.00
C403-K Regency 4 channel scanner. coee..-569.00
R106-K Regency 10 channel scanner ...... $99.00
RH250B-K Regency 10 channel VHFtranscalUEr -$329.00
RU150B-K Regency 10 channel UHF transceiver ... $449.00
RPH410-K 10 ch. handheld no-crystal transciever . . . $389.00
BC10-K Battery charger for Regency RPH410.....$79.00
MA2586-K Drop-in charger for HX1000 scanner.... $79.95
MA257-K Cigarette lighter cord for HX1000.......519.95
MA917-K Ni-Cad battery pack for HX1000 ........824.95
EC10-K Programming tool for Regency RPH410 . ... $20.00
SMRH250-K Service man. for Regency RH250 . ... $20.00
SMRU150-K Service man. for Regency RU150 ... $20.00
SMRPH410-K Service man. for Regency RPH410 ... 520.00
SMMX7000-K Svc. man. for MX70008 MX5000 . ... $20.00
SMMX3000-K Service man. (orﬁsgsncyMXGOOO...S?O.UO
B-4-K 1.2 V AAA Ni-Cad batteries (set of four).. $9.00
A-135C-K Crystal certificate . -...53.00
FB-E-K Frequency D.fecloryfor Easlern US .i\. ...512.00
FB-W-K Frequency Directory for Western U.S.A....$12.00
TSG-K “Top Secret” Registry of U.S. Govt Freq.. ..$15.00
TIC-K Technigues for Intercepting Comm. . $15.00
RRF-K Railroad frequency directory ...$10.00
CIE-K Covert Intelligenct, Elect. Eauesdrouplng ... $15.00
AB0-K Magnet mount mobile scanner antenna ....$35.00
A70-K Base station scanner antenna...... ...$35.00
USAMM-K Mag mount VHF/UHF ant. w/ 12 cable...$39.95
USAK-K %" hole mount VHF/UHF ant. w/ 17" cable. .. $35.95
USATLM-K Trunk lip mount VHF/UHF antenna... $35.85

Add $3.00 shipping for all accessories ordered at the same time.
Add $12.00 shipping per shortwave receiver,
Add $7.00 shipping per scanner and $3.00 per antenna.

BUY WITH CONFIDENCE

To get the fastest delivery frem €K of any scanner,
send or phone your order directly to our Scanner
Distribution Center” Michigan residents please add 4%
sales tax or supply your tax |.D. number. Written pur-
chase orders are accepted from approved government
agencies and most well rated firms at a 10% surcharge
for net 10 billing. All sales are subject to availability,
acceptance and verification. All sales on accessories
are final. Prices, terms and specifications are subject to
change without notice. All prices are in U.S. dollars. Out
of stock items will be placed on backorder automatically
unless CE is instructed differently. A $5.00 additional
handling fee will be charged for all orders with a
merchandise total under $50.00. Shipments are F.O.B.
Ann Arbor, Michigan. No COD's. Most products that we
sell have a manufacturer's warranty. Free copies of
warranties on these products are available prior to
purchase by writing to CE. Non-certified checks require
bank clearance.

Mail orders to: Communications Electron-
ics” Box 1045, Ann Arbor, Michigan 48106
U.S.A. Add $7.00 per scanner for U.P.S. ground
shipping and handling in the continental U.S.A.
For Canada, Puerto Rico, Hawaii, Alaska, or
APO/FPO delivery, shipping charges are three
times continental U.S. rates. If you have a Visa
or Master Card, you may call and place a credit
card order. Order toll-free in the U.S. Dial
800-USA-SCAN. In Canada, order toll-free by
calling 800-221-3475. Telex CE anytime, dial
810-223-2422. If you are outside the U.S. orin
Michigan dial 313-973-8888. Order today.
Scanner Distribution Center™ and CE logos are trade-
marks of Communications Electronics Inc.

t Bearcat is a registered trademark of Uniden Corporation.
$ Regency is a federally registered trademark of Regency
Electronics Inc. AD #090385-K
Copyright @ 1985 Communications Electronics

Forcredit card orders call

1-800-USA-SCAN

Ml COMMUNICATIONS
ELECTRONICS INC.
Consumer Productis Division

P.O. Box 1045 [ Ann Arbor, Michigan48106-1045U.S.A.
Call800-USA-SCAN oroutside U.S.A. 313-973-8888
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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 ( .2V to 1kV)

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: DM850 ( True RMS) . . . $219%*
DMB800 ( Average RMS) . $169%*

See one now at your local Beckman
Industrial distributor.

Ath Battery, test feads and manial

Bockrm=an [ndiistri=l’v

—mwe ]

Beckman Industrial Corporation

A Subsidiary of Emerson Electric Company
630 Puente Street, Brea, CA 92621

(714) 671-4800

€2 Copyright 1985 Beckman [ndustrial Corporation
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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 slow
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-E 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.

| see that I'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 to 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

s

Brian C. Fenton

Managing Editor
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New and Used Electronic Test Equipment
= Sales ® Service ® Rental ® Leasing

@HmacH! 3.5 Digit DMM 4+¢" With Scope Purchase

FEATURES: e AC DC voltage ® Data hold
® AC DC current ® Manual or autoranging
® Resistance ® Overload protection
® Diode test e LCD display
® Audible ® Built-in stand
Continuity check e Battery included
e Temperature ® Test leads included

(Type K, 3510 & 3525)

Sgecial!

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% *£2 digits $79.00 $67.00 $29.95

2 year warranty plus carrying case included!

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

(w/two X1/X10 probes).

MODEL V-422 $694.00

DC to 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

(w/two X1/X10 probes).

Model V-422 shown

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

(w/two X1/X10 probes).

NEW! 3 year warranty parts and labor on above scopes!

RAG Electronics is a factory authorized Hitachi repair center. CIRCLE 126 ON FREE INFORMATION CARD

B Master Charge ADD FOR SHIPPING AND INSURANGE
CALL LS TOLUEREE ® VISA B COD $010$250.00 . ......evviveennnn $4.50

1 _800-7 32-3457 ® Money Order $251.00 10 $600.00 . ............ $6.50
B Check $501.00 10 $750.00............. $8.50

IN CALIFORNIA TOLL FREE $751.00 10 $1000.............. $12.50

1 _800_27 2_4225 over$1000.00 . ............oins $15.00

Prices subject to change without notice.

RAG ELECTRONICS, INC. /21418 Parthenia Street/ Canoga Park, CA91304 /1-818-998-6500
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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.
(EICo) equipment, which included
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 nF. 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
050. Sales at the AWA members’
auctions 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

DOC

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
wider 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 equally 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 bat-
tery itself contains no liquid—it
uses vitreous solid electrolytes.

Itis expected that samples of the
new battery 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

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-
lier 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-
namic 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
weighing 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.S. Department
of Defense. R-E



Fluke. First Familyof DMMs.
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When accuracy, performance and value
are important, professionals the world over
look to Fluke — the first family of DMMs.

Reliable Fluke-quality 3%2- 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 built
to survive the dirtiest, grimiest, roughest
jobs. The reliable 8020B Series — made
to withstand the rigors of the field service
environment. The precise 8060A 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 Fluke
tradition for precision and durability in
lab-quality bench instruments.

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

There's no need to look anywhere else.
Uncompromising Fluke design and lead-
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.

FLUKE

IN THE U.5. AND NON-EURDPEAN COUNTRIES: John Fiuke Mig. Co. Inc.. PO, Box C3090, M/5 250C, Everetl, WA 98206, Sales: (206) 355-5400, Ofher; [206) 347-5100
EUROPEAN HEADQUARTERS: Fiuke (Halang) BV, PO Bax 2269, 5600 CG Eindhoven. The Netheriands, [D40) 458045, TLX: 51846

(@ Copyright 1385 John Fluke Mig Co., Inc. All rights reserved. Ad No 4701-8000/70/20

CIRCLE 266 ON FREE INFORMATION CARD
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Train for the Fastest Growing Job SRill in America

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

As computers move 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
total hands-on training as you
actually build your own Sanyo
MBC-550-2 computer from the
keyboard up. Only a person who
knows all the underlying funda-
mentals can cope with all the
significant brands of computers.
And as an NRI graduate, you'll
possess the up-to-the-minute
combination of theory and practical
experience that will lead you to
success on the job.

You learn at your own con-
venience, in your own home, at
your own comfortable pace. With-
out classroom pressures, without
rigid night-school schedules,
without wasted time. Your own
personal NRI instructor and NRI's
complete technical staff will
answer your questions, give you

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

After you construct this
digital logic probe, you’ll
install the “intelligent”
Sanyo detached keyboard,
with its dedicated
microprocessor.

and circuits.

You next assemble the
power supply into the
main unit of the computer.
Using the digital multi-
meter, you check all
keyboard connections

After you install the disk
drive and monitor, you'll
make a backup copy of the
MS-DOS operating disk,
explore the 8088 microchip
and additional circuits.

guidance and special help whenever
you may need it.

The Exciting Sanyo MBC-
550-2—Yours To Keep

Critics hail the new Sanyo as
the “most intriguing” of all the
IBM-PC compatible computers. It
uses the same 8088 microprocessor
as the [BM-PC and the MS/DOS
operating system. So, you'll be able
to choose thousands of off-the-shelf
software programs to run on your
completed Sanyo.

As you build the Sanyo from
the keyboard up, you'll perform
demonstrations and experiments
that will give you a total mastery of
computer operations and servicing
techniques. You'll do programming
in BASIC language. You'll prepare
interfaces for peripherals such as
printers and joysticks. Using utility
programs, you'll check out 8088
functioning. NRI's easy step-by-step
instructions will guide you all the
way right into one of today’s fastest
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 Microsoft. . . lets
Yyou use two or three keystrokes for
entering BASIC commands.”

—MICROCOMPUTING Magazine

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

—COMPUTERS &
ELECTRONICS Magazine

Your NRI Course Includes a Sanyo MBC-
550-2 Computer with 128K RAM, Monitor,
Disk Drive, and “Intelligent” Keyboard;
The NRI Discovery Lab®, Teaching Circuit
Design and Operations; a Digital
Multimeter; Bundled Spread Sheet and
Word Processing Software Worth $1500
at Retail—and More.

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

—Bill Sudbrink,
BYTE Magazine

100-Page Free Catalog
Tells 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

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.

”R’ SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW 3

Washington, DC 20016 ._'J'”ﬂ
We'll Give You Tomorrow. (Hll'

IBM is a Registered Trademark of International
Business Machine Corporation.
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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. Those offer a
greater degree of control than the
switch-closure type (the latter are
used primarily by some types of
video games), and are simple elec-
trically, but mechanical con-
struction requires a little skill and
ingenuity. They are designed so
that their motion increases or de-
creases the resistance of one or

FIG. 1

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

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

SETSCREWS
; THUMB CONTROL

FIG. 3

the chassis or control box. The
joystick is fastened to the body of
the second potentiometer by its

WRITE TO:

ASK R-E
Radio-Electronics
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 one 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 PERIOD
I know what a sinewave is, but |
don’t understand the difference be-
tween frequency and period. How
are they related?—N. |J. 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 direction. 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



Name Brands at Lowest Cost

OUR
GOMPARE
BEFORE

AW. SPERRY 20 MH:z
DUAL TRACE prsei.

HITACHI 35 MHz 1MV/DIV
DUAL-TRACE PORTABLE SCOPE

B&K 60 MHz TRIPLE-TRACE
SCOPE

HITACHI 100 MHz QUAD- -
TRACE DELAYED SWEEP
SC0 N

SCOPE PE
* Low halation
dome mesh 6
Probes rectangular CRT |
included. Probes Probes with internal
Ny ! : included =] inchuded. graticule LA I
e Special built-in Component Checker circuit O = e ] 500 uV/div hM;
allows voltage vs. curment characteristics of e Thin, light, compact design e Features large | ® 1 mV/div sensitivity e 22 calibrated sensilivity design.  Probes included
de-energized circuits to be viewed. Saves 6" rectangular, internal graticule CRT. ® % sweeps e Rectangular CRT with intemal o Delayed sweep
hours locating defective components. calibrations. » Autofocus. e Photographic bezel |  oraticule  Delayed sweep/dual time base function (Reg $1980)
Model 620-C 339995 Model V-355 $59995[Reg $89995) | Model 1560 389995 (Reg $1150) | Model V-1050F $124995
FLUKE HANDHELD, 47 SIMPSON METER Ac/DC XCELITE ATTACHE ToOL KIT | UNGAR HOT VAC ‘_@f'@m
DIGIT MULTIMETER VOLTS/AMPS RESISTANCE DESOLDERING
e Contains 53
28 time proven [ Y =0l I T |ndi\ridu:I tools, SYSTEM -
ranges e Direct " L) 31 Series 99 ' ]

o RMS measurements for dial reading ){,h(ﬂ Y IR interchangeable o Self-Contained,
AC signals to 100 ® Multi-purpose | screwdriver/ e r‘\ Super-Quiet Air
kHz e Frequency to 200 test leads with nutdriver blades : Pump. e Variable
kHz e Resistance to combination probe and handles, = =\ solid-state control
300M ohm. e .04% and alligator clips and 2 specialized —-— } adjusts tip
Accuracy. screwdriver/ '.‘“\-\ temperature from

mp'le‘: with nutdriver sets = = 500° - 1000°F.

e\ leats: marial and kits. Case  Transient spikes fully suppressed for safe

NS i3 e 95;”9% % 13%2 x 634), desoldering of voltage-sensitive components.
(Reg ]

Model 8060A 332500 {Reg. $349) Model 260-7 $10995 Model TCM-100/ST $37995 Model 400[]—U$41995meg $599.95)

WELLER WTCPR CONTROLLED
OUTPUT SOLDERING STATION

s}

» Unique ‘Closed
Loop' method of
controlling
maximum tip
temperature
protects }
temperature

sensitive

components e Grounded tip protects voltage
and current sensitive components.

Model WTCPR 579 gseach

800-645-9018

S '9;/

FREE

SEND FOR OUR LATEST

In NY State: 800'832 1446

Fordham

[Telephone Orders Accepted}

WELLER
SOLDERING STATION

o Vanable tip
termperature from

350" to 850°F o
o Plug-in soldering i
irons. = Large digit =

LED display for =

accurate setting. ‘*

Model EC2000 316995

llmmd:u-d

Service & Shipping Charge Schedule
Continental U.5.A
FOR ORDERS ADD
$25-100 5450
$101-250 $6.00
5251-500 ..... 58.00
S501-750 .. .. $1050
$751-1.000 51250
$1.001-1500 $16.50
§1.501-2000 . .. 520.00
$2.001 and Up, 52500

260 Motor Parkway, Hauppauge, NY 11788
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universally replaced by hertz—a
unit equal to one cycle per sec-
ond. We said almost universally
because, while most of us use
hertz, kilohertz, 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 (sec) =1 + f(Hz)
f(Hz) =1 =+ T (sec)

For example, a signal with a fre-
quency of 20 kHz has a period of
1/20,000, 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

At Last! An LCR meter that everyone can afford. Now you can measure coils,
transformers, chokes from 1y H to 200 H, capacitors from .1 pfd to 200 mfd and

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 11, 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-

resistors from .01 ohms to 20 megohms. All in one handheld instrument. TABLE 1
: SRR : VHF AND MICROWAVE BANDS
_Capacitors
Range = 200 pF, 2 nF, 20 nF, 200 nF, 2 uF, 20 4F, 200 uF Band| Frequency Wavelength
Resolution = 0.1 pF, 1 pF, 10 pF, 100 pF, 1 nF, 10 nF, 100 nF
Accuracy  +<05uF +(2% + 1dgl) >0.5,F =(3% + 1dgt) 225—390 MHz [133.3—76.9 cm
Ln_;:-::-neo »2 mH, 20 mH, 200 mH, 2 H, 20 H, 200 H L 8 1500 MHz |76.9—19.3 cm
MODEL Resolution = in“m wH, ;oo,.H, 1 mH, 10 ml.-t, 100 mH S 1.5—5.2 GHz 19.3—5.7 cm
LC-1800 Accuracy  *<O0S5H +(3% + 10gt)>05H (5% + 1dgl) [ 3.9—86.2 GHz 7.69—4.84 cm
S _Resistance - ] X 5.2—10.9 GHz [5.77—2.75 cm
148 e = armnis K |10.9—36GHz [2.75—0.834 cm
(Accuracy =<1 M@ 1% +1dgt Q 36—46 GHz 0.834—0.652 cm
' 46—56 GHz 0.652—0.365 cm
GF-8016 Function Generator 20 MHz Dual Trace Oscilloscope

with Freq. Counter

5229

* Sine, Square, Triangle,
* Pulse, Ramp, .2 to 2 MHz
* Frequency .1 thru 10 MHz

Model

MO-1251 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

s $32
| ik

Lok 6 “"ti * 2 Year Guarantee
oy s'E]@-L___t-— S] = 2 Probes Included

MO-1252 35 MHz Dual Trace $550%0

True RMS 4%: Digital Multimeter

= 535

AC Current Meter
$9 8 Model
ST-1000
* Reads 20, 200, 1000 A
* DC & AC Volts, Resistance

* 312 LCD Digits
* Deluxe Carry Case

* .05% DC Accuracy

*.1% on Resistance

* 5% True RMS AC

*.5% Freq. Counter 1-200 kHz
* Deluxe Case Included

AC Current Meter

S48 Yesel

3%z Digital Multimeter

525 et

* Reads 300 Amps (5 ranges)
= DC & AC Volts, Resistance

* 1% DC Accuracy

RADIO-ELECTRONICS

—
S

® Case & Leads Included

C&S SALES, 8744 W. North Ter.
Niles, IL 60648 = (312) 459-9040

==

* 1% on Resistance
* 1.5% AC Accuracy
* Reads 10 DC Amps

15 DAY MONEY
BACK GUARANTEE

2 Year Limited Guarantee! Add 5% for Postage (*10 Max.), lll. Res., 7% Tax

CIRCLE 265 ON FREE INFORMATION CARD

motion. Also, it can be used to
measure the speed of both on-
coming vehicles 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



:i ' '} IF“IEIHRI:ME'IH'IN'III‘I‘Nl:HIE .--"
THAT IS OUT OF THIS WORLD...

3% ook

—

53300 R o qgw

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 MHz bandwidth and exceptional
sweeps ranging from .2s to .2us. ~ 1mV/DIV sensitivity. Delayed
A convenient built-in component \h sweep and variable holdoff allow
tester provides additional S rmespweall Stable viewing of complex

diagnostic power. B iOR ERN RO waveforms.
CIRCLE 261 ON FREE INFORMATION CARD

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 NASA
THE JDR INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OF JOR MICRODEVICES JDR INSTRUMENTS IS A TRADEMARK OF JOR MICRODEVICES.




LETTERS

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 ? =
ndk should be r,>2 = nd\x +
0.25n2)\2. 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 that d
= (r,2/n\) — 0.25n\, rather than
what was stated in the article, d =
r,2/(n\). The only explanation | can
think of for the difference is that
an approximation was used. That
approximation is valid for light—
where \ 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:

- () ()

4 1+ (w/d)
1

(@)

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 gain for an increas-

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

Model 20 not only covers the .002 Hz
to 2.1 MHz frequency range, it covers
the world. With internal NiCad bat-
teries; you can take Model 20
anywhere and get triggered, gated or
continuous waveforms—sines,
squares, and triangles up to 20 volts
peak to peak. It recharges from wall
transformer [included) or external
source from 12 to 25 VDC or 10 to
18 VAC. Maodel 20 also has many of
the features you would expect from
the industry leader in function gener-
ators, including VCG input connector
for external sweep.or FM, ste
attenuator to —80dB, anda TTL
ulse output. The price is just $395.
Eor a data sheet or to order, call or
write Wavetek San Diego, P.O. Box
85265, 9045 Balboa Ave., San
Diego, CA 82138. Phone (5{’31 93
279-2200; T\a‘\fmﬁg‘lﬂ] 335-2007.

*Batteries not incl

g
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FIUKE BECKMAN’S

SERIES CIRCUITMATE *
MUILTIMETERS ALL UNDER $100

AVAILABLE NOW. . ..
77 * 0.3% Accuracy
e Manual or sra e By ] °69%
T 64% [mmfecioono.
+ MA Hange Circuitmate DM 20— D.B“fug\d'dc accuracy,
® Beeper 3% -digit, ?ockft-siza diode test, auto-
* “Touch-Hold” Ve e

\hFE test, conductance,
#\ 10 amps AC and DC
ranges, auto-polarity

auto-zero, auto-
decimal

579 95

Circuitmate DM-25—
3% digit, pocket-size [§
multimeter; 0.5% Vac
il accuracy, diode test,
capacitance, continuity
beeper, conductance,
10 amps AC and DC
ranges, auto-polarity,
auto-zero, auto-

Function

589 95

Circultmate DM 45 —
3Y2-digit multimeter;
0.5% Vdc accuracy,
diode test,continuit
beeper, 10 amps Al
and DC ranges, auto-
zero, auto-polarity,
auto-decimal

WE CARRY A FULL
LINE OF FLUKE

MULTI-METERS. fone
IN STOCK NOW 100 MHz Dual Time Base
SALE ENDS Feb.28 SCOPE - < "ggg"
»,
s e
BV INOSEUAN TESTER X

BREAKS THE PRICE BARRIER
WITH THESE HIGH PERFORMANCE

521995

MODEL
PRICE DOES NOT
os 0’ LLOSCOP E s 520B INCLUDE PROBES
100 MHz Dual Trace/ ® Now with HI/LO Drive . hﬂ;\;diVISIOH sensitivity to 70
3 ® Works in-circuit when * 500 u V/division cascade
P 1L:1aV!diT:msngase 9 9 5 others won't sensitivity
. * Four-input operation provides
® 23 calibrated sweeps ® Identifies all three tran- trigger Eiew gn 4 sapaprata inputs
® Rectangular CRT with internal sistor leads * Alternate time base operation
g:atlc:.tgealmd Ii’._l:ale illumination Does not include probes ® Random lead connection * Switching power supply delivers
e Signa ay Line $60.00 a pair wh hased with best efficiency and regulation at
( pair when purchased with scope)  m Audibly and visually in- leWeat waighty g

dicates GOOD transistor

TOLL FREE HOT LINE
S 800-223-0474
212-730-7030

ADVANC
~-  \ELECTRONIC

QUANTITIES ARE LIMITED

26 WEST 46th 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, communica-
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, so CIE’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 or a 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 a toll-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 a copy 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.
Cleveland Institute of Electronics

c I 1776 East 17th St., Cleveland, Ohio 44114

YES! I want to get started. Send me my CIE school catalog
including details about the Associate Degree program.

Print Name
Address Apt.
City State Zip

Area Code/Phone No.

Check box for G.I. Bulletin on Educational Benefits

[ Veteran [] Active Duty MAIL TODAY!
ORCALL TOLL FREE

1-800-321-21535

Age

(In Ohio, 1-800-362-2105) RE-27

9861 AHYNHE34
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LETTERS

Eicetrenies (Mf-ADS

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 length:

d = ((D/2)2/nA) — 0.25n\.

Note that r, = D/2 in the same
units. Then r; may be computed as
r; = id\ + 0.25i2\2fori =1ton—1.
Gain may then be calculated as G
= 20 log,, 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 21.9 dB,
rather than 91.83 cm and 26.0 dB.
An 8-foot lens for A = 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.
If zones 7, 9, and 15 of the 20-zone
lens are blocked, then the gain
should 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
| read with interest Mr. Vaughn
Martin’s bench power-supply arti-
cle in the October 1985 issue Ra-
dio-Electronics. |'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 (Q1, 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-20 is only the size of a dime,
yet transmits both sides of a telephone con-
versation with crystal clarity. Completely au-
tomatic. Uses power from the telephone line
itself. Never needs a battery! Up to ¥ mile
range. Use with any FM radio. Complete kit
only $29.95. Tax included. VISA and Master-
Card accepted. FREE SHIPPING. DECO IN-
DUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 241-2827.
CIRCLE 127 ON FREE INFORMATION CARD

ZENITH SSAVI DESCRAMBLERS only
$169. Gated Pulse $189; Sinewave $199
each. Reconditioned original equipment for
UHF chs. 23,27,31,38,51,54,57,68, etc.
Quantity discounts. Surplus TV equipment:
Oak N-12, Zenith Z-Tac, Hamlin
1200, efc. 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 215-249-9411.
CIRCLE 268 ON FREE INFORMATION CARD
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UNIQUE ELECTRONIC KITS—Kits come
complete with materials required to build a
professional looking product that you will be
proud of. Kits also come with attractive en-
closures. Some exciting kits offered are: Fi-
ber Optics $29.95, Touch Control and Switch
$24.95, Wireless Microphone $19.95, Guard-
All Jr. Security Alarm $19.95, Outlet Tester
$9.95, Power Supply PS-1$39.95, and more.
ALARMS, KITS & DEVICES, P.0. Box 200,
Fredonia, PA 16124. (412) 962-9231.
CIRCLE 271 ON FREE INFORMATION CARD

TVRO RECEIVER ON A BOARD fully tested
and assembled. Super reception 7db thresh-
old!! Includes weather sealed downconverter
$125.00. In cabinet $165.00. Quantity dis-
counts. Schematics only $10.00. C band
feeds. Yushica positively the best we've ever
seen. Whatever you have, replace it. $65.00.
Private labels welcomed (50 units). 800-448-
TVRO, SAUCER CITY. Office B7-B, 931 S.
Ridgewood Ave., Edgewater, Fl 32032.
CIRCLE 276 ON FREE INFORMATION CARD

AND

RESERVE
YOUR SPACE

6 x rate $745.00 per each insertion.
Reaches 225,379 readers.

Fast reader service cycle.

Short lead time for the placement of
ads.

We typeset and layout the ad at no
additional charge.

Call 212-777-6400 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 200
Park Ave. South, New York, NY 10003.




HOBBY KITS THE ERECTOR SET " of linear
electronics. Modules from $4.95 to $49.95.
Build basic circuits: 2 W audio amplifier
(AFA-1, $4.95), tone decoder (PLL-1, $6.95),
to more complex: VHF Converter (using 4
modules, $27.80), QRP Transceiver (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 manual. MORNING DIS-
TRIBUTING CO., P.O. Box 717, Hialeah, FL
33011 (305) 884-8686.
CIRCLE 71 ON FREE INFORMATION CARD

elrenies [0NI=/2\DS

R&D SHEET METAL WORKER—New multi-
purpose Shear, Brake and Roll now with 6"
male dies, removable and removable female
dies. A complete in-house shop at 1/3rd the
cost. Over 20 years development/sales
worldwide in industry, government and edu-
cation. Free literature or $2.00 for "Guide to
Sheet Metal Working." PACIFIC ONE COR-
PORATION, 513 Superior Ave., St. 52, New-
port Beach, CA 92663 (714) 645-5962 Telex
4996168.
CIRCLE 118 ON FREE INFORMATION CARD

THE MOST EXCITING KIT YOU WILL EVER
BUILD The model WAT-50 miniature FM
transmitter uses a 4-stage circuit NOT to be
confused with a simple wireless microphone.
Up to 1 mile range. So sensitive, it will pick-up
a whisper 50 feet away! Use with any FM
radio. Complete kit only $29.95 tax incl. VISA
and MasterCard accepted. FREE SHIP-
PING. DECO INDUSTRIES, Box 607, Bed-

ford Hills, NY 10507. (914) 241-2827.
CIRCLE 127 ON FREE INFORMATION CARD

ELECTRO IMPORTING CO. CATALOG.
This reprint of the historic 176-page catalog
No. 20 gives you an accurate look at the stale
of electronics in 1918. Contains everything
from a Zinc Spark Gap to a 1000-Mile Receiv-
ing Outfit. You can get your own copy of this
modern antique, profusely illustrated, for only
$4.95 plus $1.00 P&H. Order yours from R-E
BOOKSTORE, Radio-Electronics, 200
Park Avenue South, New York, NY 10003.

DELTAX DUAL TRACE OSCILLOSCOPES
WITH PROBES DX5020 20MHz $379.95.
Builtin component tester SMV to 20V/DIV 0.2
microsec. to 0.5s/DIV, Risetime less than
17ns one year limited warranty. Also available
DX5035 35MHz $527.00 DX5045 45MHz
$789.95 DX5015S 15MHZ A/C D/C $479.95.
CA. residents add 6.5% tax. Shipping $8.50.
Money orders, checks accepted. DELTAX
DYNAMIC INC., 20955 E. Lycoming St.,
Walnut, Calif. 91789. Tel. (714) £94-7131.
Telex: 503749 DELTAX.

CIRCLE 259 ON FREE INFORMATION CARD

CORDLESS TV TRANSMITTER. This unit, a
miniature video transmitter, conveniently
transmits UHF signals to 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 for your
area. CH 14, 19, 25, or 27. $89.95 plus $4.00
S&H. Visa/MasterCard call 1-800-522-2636
orders only, 617-871-5611 for information.
CAMEO ENTERPRISES, INC., P.0. BOX 63,
Accord, MA 02018.
CIRCLE 269 ON FREE INFORMATION CARD

SATELLITE TELEVISION RECEIVER
SEMIKIT with dual conversion downcon-
verter. Features infrared remote control tun-
ing, AFC, SAW filter, RF or video output,
stereo output. Polorator controls, LED chan-
nel & tuning indicators. Install six factory as-
sembled circuit boards to complete. Semikit
$250.00. Completed downconverter add
$75. Completed receiver and downconverter
add $100. JAMES WALTER SATELLITE RE-

94806. Tel. 415-724-0587.
CIRCLE 124 ON FREE INFORMATION CARD

CEIVER, 2697 Nickel, San Pablo, CA.

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

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

RF and Sine/Square Wave Generators, Digi-
tal Capacity Meters. Available at your local
distributor. EMCO ELECTRONICS, P.O. Box
327, Plainview, NY 11803. Send for your free
catalog.

CIRCLE 279 ON FREE INFORMATION CARD
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NEW PRODUCTS

CIRCLE 21 ON FREE INFORMATION CARD

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 424B adds multi-
channel capability to the model
ESR 424 package. Using a 950-1450
MHz IF 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

N
¥

SURFACE-MOUNT TEST CLIPis 20-
conductor size, with a new design
that enables all four sides of the
clip to open 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" lead-to-lead
spacing. The clip has a 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 FREE INFORMATION CARD

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

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

The test 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-



Electricity and water don't mix. At
least not in our Heavy Duty Digital
Multimeters. Because these Oops
Proof" instruments are protected
by a system of seals to ensure
contamination-free dependability
in even the cruddiest conditions.
Other abuse-proof features
include the best mechanical pro-
tection ever built into a precision
Digital Multimeter. In fact, every
one of our Oops Proof multi-
meters will survive a drop from
ten feet onto a concrete surface!

All the Heavy Duty series
meters measure up to 1000 volts
AC and 1500 volts DC, with full
overload protection to those
maximum voltages even on the
lowest range settings. Overload
circuitry also provides transient
protection to 6KV on all voltage
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 actu-
ally feel the difference just by

Our lips are sealed.

21985 Beckman Industrial Corporation, A Subsidiary of Emerson Electric Company,
630 Puente Street, Brea, CA 92621 (714) 671-4800).

(e 'daat=Ta)
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rotating the function selector knob.
You'll find these features in

a full line of Heavy Duty DMMs

that offer a 4% digit readout,

0.05% VDC accuracy, a 10-amp

current range, a 2000-hour battery

life, diode test, true RMS and tem-

perature measurement. All this and

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

of course, so drop into

your nearest elec-

RTEe P
tronics distributor
and drop one.

CIRCLE 98 ON FREE INFORMATION CARD
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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

CIRCLE 24 ON FREE INFORMATION CARD

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-

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 CS-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 /1821: CS-I8A 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: CS-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,

RADIO-ELECTRONICS
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National Weather Service.

CIRCLE 25 ON FREE INFORMATION CARD

CA 91331.

or write for FREE Flyer.

COPPER ELECTRONICS

4200 PRODUCE ROAD - LOUISVILLE, KENTUCKY 40218
- S

"
Te-lalk® LEY higidad
Bitrophene  Chunar] Binplup

Voua
Model JUT00 wireless home video transmuusion
system that accepts all raw awdio-video sigral

N
inputs from your VOR, video caers or satellits a1 Cotral Stsee et b o B riter

' 40 CHANNEL
CB TRANSCEIVER
retalisssss 29.95

receiver and comuirts thom to the VIIF tolevision
band charnel 2-6 for wireless relayto the othor
televisions in your hom.

Retall$119.85 59 95

i callus FREE 1-800-626-6343 ]

AV-261
| Permanent Mount

! BEARCAT 20/20
| @ %" hole mount 7 = Rotall $299.95

Alrcralt, marine and public service-all within
pushbutton reach,

26.95

AV-261M
Magnet Mount !

uniden

29.95

AV-261T No-Hole
Trunk Mount

» 26.95 Rall si0.05 269.95

Limited Quantities »
THE LOWEST PRICES IN THE COUNTRY

We have a national factory warranty service on
many brands, and we service All CB, Amateur, and
& Commercial Equipment.

CIRCLE 277 ON FREE INFORMATION CARD

PRINT ==

Products Intermational Inc. \&#/’

8929 Brookville Road * Silver Spring, Maryland 2091C

Call Our ===
Toll Free Number g @

In Maryland
Call 301-587-7824

F'FIEE CATALOG

t, Tools & S
for zloctreme Maintenance
& Service.

» Pace Descidenng and Prnted Circuit
Board Repair Prooucts

» M Statc Control Products. Work
Stations, Shieiding Bags

» Huntron Test Instruments

» Lindstrom Hand Tools

» PRint Tool Cases

» Cooper Tool Group, Weller. Crescent,
Xcelite

» Brand Name Tools and Suoplies for
Repairs in the Fieid or Decot

HUNTRON INSTRUMENTS
The Art of Trouble Shootmg

TRACKER AND SWITCHER

CIRCLE 275 ON FREE INFORMATION CARD
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EQUIPMENT REPORTS

Tektronix 318
16-channel
Logic Analyzer

High-powered digital
debugging

CIRCLE 5 ON FREE INFORMATION CARD

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 3178 to stamp
out those bugs.

Overall specifications
The 3178 has a 16-bit parallel data

EXTREMELY DIFFICULT PROBLEMS CAN
crop up when designing and pro-

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

input and a maximum clocking
speed of 50 MHz. A serial data-

RADIO-ELECTRONICS
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totyping custom microprocessor

analysis unitis optional; we used it

Jerrold Cordless Cable
T.V. Converter scqannes

MODEL LCC-58

56 05 e

ANY QUANTITY

WIRELESS REMOTE CONTROL
F TEKNIKA 1\ TNER CABLE CONVERTER
e e
. o by
Rl — o A
: g8
! _hﬁdbEL-6510 nc;-ss.'u 75 OHM
ClAL' xia Baie copper
SPE 140 EE;%? Braided o ":'U:GT
WITH VOLUME CHAw i g é’;’f il
CONTROL 4 Sh 4411000 .
E=|CONNECTORS MATCHING 2 WAY-750HM
F.50 F-50ALM TRANSFORMER U/V SPLITTER
separated lerrule with attached "2" grip ring
CD|,. .| T | &
61000 LoT T¢noooLor =< 49¢ noovot
11¢/100 LOT 12¢/100 LOT 21¢/ 00 89¢/50 LOT
F-56 AVAILABLE UPON REQUEST | 99¢/EA.
O e Orde
'; _' » Urd 0 0.D
8,50 ) 5 0 oe
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MUST LIQUIDAT
TOTAL Perso

Carries easily
as a suitcase!
Plugs into 115V outlet!

At Far Below
Dealer Cost!

nal Gomputer System

Factory Reconditioned with
Factory Warranty!

GREAT GIFT IDEA!

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 COMPUTER

Snap-on computer keyboard! 64K RAM, 20K ROM. Full-
size typewriter keyboard. Upper and lower case
letters, numerals, symbols, reverse characters. 2
cursor control keys, 4 function keys, programma-
ble to 8. Music synthesizer with 3 independent
voices, each with 9 octave range. Input/output ports
accommodate . . . user, serial, ROM cartridge, joy-
sticks, external monitor, phone modem

Built-in disk drive! Intelligent high speed unit with
5'%" floppy disk recorder. 170K formatted data stor-
age; 35 tracks. 16K ROM. Uses single sided, single
density disk. Serial interface. Second serial port to
chain second drive or printer.

Built-in color monitor | Displays 40 columns x 25 lines
of text on 5" screen. High resolution. 320 x 200 pix-
els. 16 background, character colors.

Built-in ROM cartridge port! Insert ROM program car-
tridge., Multitude of subjects available in stores
across the nation!

Original List Price

Liquidation $
Priced
AbOnly s itaiasais

Item H-919-63631-00 Ship, handling: $20.00

THE PRINTER

Print method: Bi-directional impact dot matrix.
Character matrix: 6 x 7 dot matrix.

Characters: Upper and lower case letters, numerals
and symbols. All PET graphic characters.

Graphics: 7 vertical dots — maximum 480 columns.
Dot addressable.

Character codes: CBM ASCII code.

Print speed: 60 characters per second.

Maximum columns: 80 columns.

Character spacing: 10 characters per inch.

Line feed spacing: 6 lines per inch in character mode
or 8 lines per inch selectable. 9 lines per inch in
graphics mode.

Line feed speed: 5 lines per second in character mode.
7.5 lines per second in graphics mode.

Paper feed: Friction feed.

Paper width: 4.5" to 8.5" width.

Multiple copies: Original plus maximum of two copies.
Dimensions: 13"W x 8"D x 3'4"H. Wi.: 6': Ibs. Power:
120V AC, 60 Hz.

Original List Price: *200.00

piasion 119

Item H-919-63831-00 Ship, handling: $7.00

JOYSTICKS (Set of 2)

Mfr. List $59.90 pr. $1 9
pr.

Liquidation Price
Item H-919-63622-01 S/H: $4.00 pr.

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

(Factory New,/First Quality)
64K MODEM Limited 90-Day Factory Warranty.

Mir. List: $124.95 $1 9

Liquidation Price. . . . .......
Item H-919-63646-00 S/H: $4,00

i ()

Credit card members can order by phone,

SEND ME THE ITEMS | HAVE LISTED BELOW

24 hours a day, 7 days a week.

Toll-Free: 1-800-328-0609

C.O.M -B. Direct Marketing Corp.

Authorized Liquidator
146065 28th Ave. N. ® Mpls., MN 565441-3397

+
1
1
]
1

a Your check is welcome! -

PSS No delays when you pay by check! 1
1
1
1
1
1

Sales outsid tinental U.S. are subject to sp
conditions. Please call or write to inquire.
Item No. " Item Price] S/H
TOTAL

THE SOFTWARE

"Easy Secript” One of the most powerful word pro-
cessors at any price! Cut re-typing, create docu-
ments from standard paragraphs, do personalized
letters, see and change a document before it is print-
ed. Instruction manual has extensive training sec-
tion that simplifies use . . . even for someone who
has never used a computer or word processor before!
“The Manager” A sophisticated database manager
for business or home use. Business uses: accounts
payable/receivable, inventory, appointments, task
manager. Home uses: mailing lists, home inventory,
recipes, collection organizer, investment tracking,
checkbook balancing. School uses: research arti-

cle index, gradebook. $

Mfr. Sug. Retail: ¥73.98
Item H-919-64011-03 Ship, handling: $3.00

Liquidation Price
BUY INDIVIDUAL UNITS OR
GET THIS ULTRA-FAMOUS
SYSTEM AT ONE LOW
PACKAGE PRICE!
TOTAL Personal Computer System
available at FAR BELOW dealer cost!

*1,293.00

‘488

Item H-919-64011-02 Ship, handling: $24.00

Original List Price

TOTAL
PACKAGE

C.0.M.B. Direct Marketing Corp. Iltem H-919
14605 28th Ave. N./Minneapolis, MN 55441-3397

Send the items i at left. (Mi add 6%
sales tax. Please allow 3-4 weeks delivery. Sorry, no C.0.D.)

1 My check or money order is enclosed. (No delays in processing
orders paid by check, thanks to TeleCheck.)
Charge: [ MasterCard, [ VISA=®
St =

Acct. No.
PLEASE PRINT CLEARLY

Name
Address

City

State
Phone | ]

ZIP

Sign Here

9861 AHvNyd3d
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New and Used Electronic Test Equipment

Sales ® Service ® Rental ® Leasing

olsh [k} SHOOTER

LOW-COST
EPROM BLASTER

@ |deal for Hobbyists or Light Usage

® 128K RAM Buffer

® Build-In RS-232 Port

@ Completely Assembled & Tested

® Programs 2716 through 27256

® Fast Intelligent Algorithm

® Works with Any Computer or Dumb
Terminal

@ Stand-Alone Mode. Copies and Verifies

® Upload/Download in Intel/Motorola/
Binary Formats

® 90 Day Warranty Parts & Labor

Instruments Corporabor

- mﬂfm.rm:mimmmlnu\\\\i\\\\\\\\'\\\ \

— 3

LBO 524L DC to 40 MHz

The LBO-524L is designed to meetabroadrange
of applications in design, testing and servicing of
both analog and digital circuits and equipment.
Its large 8x10 cm PDA CRT provides sharp, bright
displays even at highest sweep rates. Compre-
hensive triggering controls including holdoff,
alternate triggering and delayed sweep triggered
functions permit stable displays for even the
most complex signals. With 0.5 millivolt sensi-
tivity, extremely low-level signals can easily be
observed. A channel 1 output is available on the
rear panel to drive other less sensitive instruments
such as afrequency counterwithan inputlevel as
low as 500 microvolts. The dual time base permits
accurate observation and time interval measure-
ments of complex waveforms. Includes probes
and 2 year warranty.

$7 49 l]l] Plus free Hitachi DMM.

LBO-516 DC to 100 MHz

The LBO-516 is an economical 100-MHz, 3-
channel, alternate time base oscilloscope. It has
all of the important features that are expected in
a 100-MHz oscilloscope such as full front panel
operation, alternate triggering for simultaneous
view of asynchronous signals and independent
or simultaneous display of main and delayed time
bases. The bright 20-kV PDA CRT and 0.5mV
sensitivity permit sharp, bright displays of even
those normally tough to see critical signals.
Eight trace capability is possible by displaying
main and delayed versions of CH-1, CH-2, CH-3,
and CH-1+CH-2. Also included are comprehen-
sive triggering facilities with video sync separators,
variable trigger holdoff, excellent trigger sensi-
tivity and more. Includes probes and 2 year
warranty.

$1195.00

Plus free Hitachi DMM.

See page 5. See page 5.
NOW OPEN! Saturday, 9:00 a.m.-3:00 p.m.
MR%EI? Y N AN SR B ARs 30 P-m.

INDUSTRIAL
MODEL

WITH TIMER
MODEL T8/2T $97.50

e Erases 15 EPROMSs in 20-30 Minutes

@ Rugged 60 Minute Auto Shut-Off Timer
and Safety Interlock

e 5" x 8" Tray with Indicator

e Conductive Pad

@ Attrative Steel Enclosure

MODEL T8/1 $49.95

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

This unit erases as many as 8 EPROMS in
15-20 minutes.

o€ PRECISION

FUNCTION
GENERATOR

MODEL 3010 $189.00

® Sine, square and triangle output

@ Variable and fixed TTL outputs

® 0.1 Hz to 1 MHz in six ranges

@ Typical distortion under 0.5% from 1 Hz
to 100 kHz

@ Variable DC offset

@ VCO input for sweep tests

ESCORT

& 32-Digit
b Capacitance Meter
== Range: 200PF - 20mF

MODEL EDC110A $89.00

Accuracy:

20PF-20uF £(0.5%rdg+1dgt+0.5PF)
200uF £(1.0%rdg+1dgt)
2000uF-20mF +(2.0% rdg+ 1dgt)

LICATEK
30 VDC POWER
SUPPLY

$135.00
MODEL 30-3/0-30 VDC/0-3A

CALL US TOLL FREE

1-800-732-3457

IN CALIFORNIA TOLL FREE
1-800-272-4225

B Master Charge
H VISA B COD

B Money Order
W Check

b

r .\

ADD FOR SHIPPING AND INSURANCE
$0 10 $25000.....ccvivinnranins $4.50
$251.00 10 $600.00..... ... $6.50
$501.00 to $750.00.............$8.50
$751.00 10 $1000.............. $1250
over$1000.00................. $15.00

Prices subject to change without notice.

RAG ELECTRONICS, INC. /21418 Parthenia Street/Canoga Park, CA 91304 / 1-818-998-6500

&  F. EmE [FEE
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HITACHI 3.5 Digit DMM FREE with any Scope
purchased from RAG. See page o for details.

HITACHI

Hitachi Denshi. Ltd.

CCTV Cameras & Monitors

- MODEL KP-120

Meet the new generation of TV
cameras that brim with useful features,
thanks tothe MOS solid-state imaging
devices.

@ Compact size and light weight

® Long life and high reliability

@ Extreme low-light handling capabilities
® No geometric distortion

e Reduced lag and no sticking

e Excellent immunity to vibration and
shock

No effects of magnetic fields
Sensitive to near-infrared

C mount

MODEL KP-120 Camera Head

Lenses available

L.

MODEL HV-720

® Owing to the use of an automatic
sensitivity adjusting circuit, the only
necessary camera operation is
focusing

@ A white suppressor circuit ensures
faithful reproduction on the video
monitor, even for subjects with stong
contrast.

e Camera mounting screws are
provided at the top and bottom of the
camera, facilitating mounting of the
camera.

e Switchover to external synchroniza-
tion takes place automatically when
an external drive signalisinput, hence
no switch operation is necessary.*

® Synchronizing System: Line-lock 2:1
interlace.

@ Pick-up tube: Vidicon tube.

SOLDERING STATION

SA-3-115 $84.00

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

$7 75 uu ® |Includes 16mm 1.6 lens
MODEL HV-720 $144.00
*MODEL HV-730 $199.00
B&W MONITORS VM-900A  9"/500 line/video loop $126.00
VM-910 9"/500 line/video loop/ $164.00
: DC restoration/rack
mountable
VM-906 9"/700 line/video loop/ $210.00
DC restoration/rack
mountable
VM-129 12"/700 line/video loop/ $276.00
DC restoration
VM-173 17"/700 line/video loop/ $312.00

DC restoration

MULTI-

FUNCTION
COUNTER
MODEL WD-755

® 5 Hz to 125 MHz $24BUU
® 8 Digit LED Display

® Period Measurement 5 Hz to 2 MHz

® Totalizes to 99,999,999 Plus Overflow
® Frequency Ratio Mode

@ Time Interval Mode

® Switchable Attenuator & Low Pass Filter

@ POWER SUPPLY SALE

e‘-lf

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

® |solated supplies

PRIMELINE

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 11.5-14.5VDC, 0-7.5A

$309.00
$318.00
$369.00
$453.00
$326.00

WP-705A
WP-706A
WP-707A
WP-708A
WP-709A

@SIACD
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POWER SUPPLY

MODEL 1650 $3.I 9.00

@ Functions as three separate supplies

@ Exclusive tracking circuit

® Fixed output 5 VDC, 5A

® Two 0 to 25 VDC outputs at 0.5A

® Fully automatic, current-limited over-
load protection

® + and — terminals of each output are
fully isolated, in all modes

@ All three outputs may be connected in
series or parallel for higher voltage
or current

CIRCLE 255 ON FREE INFORMATION CARD

WAYNE KERR

HITACH

Hitachi Denshi. Ltd



‘Rates: Ads are 24" x 274". One insertion $825. Six insertions $800. Twelve

insertions $775. each. Closing date same as regular rate card. Send order with
R = E B 00 ks Ad ma rt remittance to Books Admart, Radio Electronics Magazine, 200 Park Avenue South,

New York, New York 10003. Direct telephone inquiries to Arline Fishman,
area code-212-777-6400. Only 100% Book ads are accepted for this Admart.

CONFIDENTIAL
FREQUENCY LIST,
6th Edition

Latest available infor-
mation on the most
interesting communi-
cations stations oper-
ating on the short-
wave bands. Includes
SLB’s, Phonetic Al-

phabet Stations, Soft cover; variety of projects built poses! Circuits range

Numbers Stations, around IC's covering radio and audio from the very simple

Military, Police, FBI, projects such as a solar radio and a mini- (like a half-wave sup-

Government Agencies and more. 304 ature receiver, plus an audio generator, ply) to more advanced SR
pages, 6 x 9 inches. Get your own copy interval timer, mixer amplifier and more. units (like a 12-volt in- = ===
for $13.95 plus $1 postage in USA. ELEC- $5.00 plus $1 postage in USA. ELEC- verter). $10.95 plus $1 postage in USA.
TRONIC TECHNOLOGY TODAY INC., PO TRONIC TECHNOLOGY TODAY INC., PO ELECTRONIC TECHNOLOGY TODAY
Box 240, Massapequa Park NY 11762- Box 240, Massapequa Park, NY 11762- INC., PO Box 240, Massapequa Park,
0240. 0240. NY 11762-0240.

CIRCLE 284 ON FREE INFORMATION CARD CIRCLE 284 ON FREE INFORMATION CARD CIRCLE 284 ON FREE INFORMATION CARD

32
IC PROJECTS ignaies,. ELECTRONIC

FOR POWER SUPPLY
BEGINNERS PROJECT

Soft cover; 291 pages [
| of practical DC circuit
i ] applications for a wide
' variety of hobby and
experimental pur-

RADIO-ELECTRONICS

CALL NOW
AND

RESERVE
YOUR SPACE

® 6 x rate $800.00 per each insertion.

® Reaches 225,379 readers.

® Fast reader service cycle.

® Short lead time for the placement of
ads.

Call 212-777-6400 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:

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

LINEAR IC EQUIVALENTS WHITE’S RADIO LOG
& PIN CONNECTIONS | -

Linear IC
Equivalents
and Pin
Connections

man it s

LB An up-to-date directory of North Amer-
Shows equivalents & pin connections of a ican AM, FM and TV stations including

popular user-oriented selection of Euro- special section on world-wide shortwave
pean, American and Japanese liner IC.'s stations. 136 pages, 5% x 7% inches,
320 pages, 8 x 10 inches. $13.50 soft cover. $4.95 plus $1 postage in USA.
postpaid in USA. ELECTRONIC TECH- ELECTRONIC TECHNOLOGY TODAY
NOLOGY TODAY INC., PO Box 240, Mas- INC., PO Box 240, Massapequa Park,
sapequa Park, New York 11762-0240. NY 11762-0240.

CIRCLE 284 ON FREE INFORMATION CARD CIRCLE 284 ON FREE INFORMATION CARD

DIGITAL IC EQUIVALENTS | | 103 PROJECTS FOR
& PIN CONNECTIONS ELECTRONICS
EXPERIMENTERS

S Soft cover; 308 pages PHO.ECTmst':OH
of practical, proven _ELECTRONICS

plans for the elec-
tronics hob-
byist...circuits, con-
| I verters, amplifiers,
- synthesizers, op-

Shows equivalents & pin connections of a toelectronics, power

popular user-oriented selection of Euro- supplies and more. ’

pean, American and Japanese digital Written and designed

IC’s. 256 pages, 8 x 10 inches. $13.50 by Forrest M. Mims, I11. $11.50 plus $1
postpaid in USA. ELECTRONIC TECH- postage in USA. ELECTRONIC TECH-

(%]
n

10003. NOLOGY TODAY INC., PO Box 240, Mas- NOLOGY TODAY INC., PO Box 240, Mas-
sapequa Park, New York 11762-0240. sapequa Park, NY 11762-0240.
CIRCLE 284 ON FREE INFORMATION CARD CIRCLE 284 ON FREE INFORMATION CARD



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 2%"
by 274". The logic analyzer weighs
about 11 pounds and measures
about4 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 378 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 (DB-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
318’s circuit that are used for diag-
nosing problems with the unit,
should they arise.

On power-up, the 378 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 select 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 3178: 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 318 has a data
memory of 256 bits for each of the
16 input channels; in the serial
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 378'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-
ger words are available that may be

YN
a mini-scope
with the
features
most wanted
by field
engmeers!\

B&K-PRECISION MODEL 1420 $825

This 15MHz dual-trace mini-scope

was designed by B&K-PRECISION
engineers to respond to the special needs
of field engineers...amini-scope with
lab-scope features.

It easily fits into a standard attache
case with plenty of storage room for
a DMM, tools and accessories. The
1420 can be powered from the AC line,
10-16VDC or an optionalinternal
battery pack.

The rugged 1420 features dual-trace
operation and an honest 15MHz re-
sponse, with useful response beyond
20MHz. An efficient rectangular CRT
displays waveforms with good read-
ability under all field service conditions.

There is no sacrifice of features or
performance for compact size. The 1420
has 18 sweep ranges from 1 nS/div. to
0.5S/div. in a 1-2-5 sequence; variable
between ranges. Sweep magnification
is X10, extending the maximum sweep
rate to. 100nS/div. For use with computer
terminals or video circuits, a video sync
separator is built in. Automatic selection
of chop and alternate sweep modes is
provided, as is front-panel X-Y operation.

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.

1€ PRECISION

DYNASCAN

CORPORATION

6460 West Cortland Street
Chicago, lllinois 60635 « 312/889-9087

Mlt”\lli%ﬁﬂ Sales, 6450 W. Cortlang 51.. Chicago. IL 80835

anadian Sales; Atlas Electronics, Ontario

CIRCLE 77 ON FREE INFORMATION CARD

South and Central American Sales,
Empire Exporters, Plainview, NY 11803

9861 AHYNHE3d
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aratoga Electronics

ORDER TOLL FREE

800-621-0854
ext.245
DYNAMIC RAMS

4164 - 150NS
41256 - 150NS

$1.00
$2.45

EPROMS

2716 - 450NS
2732A - 450NS
2764 - 450NS
2764 - 250NS
27256 - 300NS

$1.95
$2.25
$2.50
$2.00
$5.95

PC/AT COMPATIBLE
SYSTEM BOARD

1 Megabyte Installed
* Dual Speed Selectable at

6 or 8 MHZ
* Compatible “AT™

System Bios
* 8-Slot Expansion Capability
* Complete & Tested
w/90 - Day Warranty

$895

PC/XT COMPATIBLE
SYSTEM BOARD

64K Installed - Expandable
to 640 KB

* 4.77 MHZ Speed

* Compatible “XT”
System Bios

* 8 - Slot (Full) Expansion
Capability

* Complete & Tested

w/ 90 - Day Warranty

$200
$25 MINIMUM ORDER

12380 SARATOGA - SUNNYVALE ROAD
SARATOGA, CA 95070

(408) 446 - 4949
|_VISA | .

CIRCLE 256 ON FREE INFORMATION CARD
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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-
tion 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 initiate 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 378 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

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 diagram 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, but 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 difficulty 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 378 would
benefit from a 5” CRT.

As you can see, the 378 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



Build Circuits Faster
and Easier With Our $20
Solderless Breadboard

Infroducing the plug-in world of AP
Product's versatile, low cost breadboards.

Now you can design, build and test
profotype circuifs just like the profes-
sionals...and make changes in seconds,
No messy soldering or desoldering. No
more twisted 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 components up to 22 gauge
lead diameters snap right info the
0.1"x 01" matrix of the solderless fie
points...anywhere on the layout. You
don't need expensive sockefs or spe-
cial tools, Buses of spring clip terminals
form a disfribution network for power,
ground and clock lines.

AP Products 100 series breadboards
give you all the functions and flexibility
of more expensive circuit evaluators.
The spring ferminals have mechanic-
ally independent contact fingers fo

accommodate most DIPs and discrefe
components.

The ACE 109 has two ferminals for
separate voltages plus a ground con-
nection. The larger ACE 118 offers the
same three ferminals, plus an addi-
tional terminal which can be used for
clocking or another voltage. The back-
plates are heavy steel fo keep the
boards stationary.

L

Don't wait. These low prices won't last forever.
See your local AP Products dealer today, or
send for a list of dealers in your area. o
CIRCLE 76 ON FREE INFORMATION CARD /
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...and do even
more with our
$40 breadboard

(D)
ERACE 118 I/

ALL DIMCLIT Eusiiiarom =

A P PRODUCTS
INCORPORATED
9325 Progress Parkway
P.O. Box 540

Mentor, Ohio 44060
800-321-9668

(Ohio, 216/354-2101)
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IF YOU WANT TO GE1
YOUHAVE TO GET INTC

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

NTS Intronic Home Training The NTS/HEATH 16-Bit HS-151 IBM -
Takes You Below The Surface |  This desk-top PC is the most powerful and | @%@ patlble

NTS gets you right down into the versatile ever offered in any home training
heart of Computer Gircuit[y_ You learn program, Check the advanced features
how microprocessors function, how listed below:
they are designed‘ how they Dperate 1. 128 KB RAM user memory on board,
and are used to solve problems. Your expandable to 640 KB
program includes a wide variety of 2. 16-bit 8088 Microprocessor accepts
tests and projects, as you assemble advanced software, 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 tick.

(Expandable to dual disk drive, and optional
A Career in 10.5 MB hard-disk drive.)

= - 4. MS-DOS operating system, IBM compati-
PC SEI'VICIng bility, make a \E.ride cr?oige of software
programs available.
5. Four open IBM-compatible slots provide
for future expansion, printer, modem, etc.
Will accept most peripheral boards designed

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

design, engineering, and production for IBM'EC'
have revolutionized drafting, 6. Two video outputs for color or mono-
graphics, and prototyping. Computer chrome disp_lay monitor. Your NTS course
sales figures point to a continuing includes a high resolution monitor displaying
need for service technicians as well 80 characters by 25 lines, or graphics.
as installation and maintenance 7. Editing capabilities t_'nelp you insert or
specialists. The type of training you delete characters and lines, erase, jump or
receive will largely determine your smooth scrall, etc. i
ability to take advantage of these Your NTS training course will teach you to
opportunities .... and nothing beats program on this outs?andmg PC, using
the practical, down-to-earth training lessons, texts, and diagrams to make full use
you get from NTS. of its capabilities. Catalog contains complete
details.
Learning circuitry through the construction of this Field servicing is interesting and rewarding. The NTS/HEATH HS-151 PC completed, incl
equipment offers practical training for which there Technicians may work for a service company, monitor and full-function keyboard with cali

Is no substitute. Test equipment is included. manufacturer, or major users. style keypad, and typewriter format.




NTO PC SERVICING
\ MICROCOMPUTER
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digital probe
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and measure voltdges. ; current texis |

Installing the disk-drive in the PC is one of the final stages in the assembly of the
microcomputer. Learning the use of test equipment to check circuits is an integral part
of the training which, with field experience, develops invaluable career skills.

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. Robotics is becoming
increasingly important in industry as almost
daily news features attest.

Video Technology: Build one of the most
advanced Color TV sets in America as you
learn circuit diagnostics, and the use of
digital test instruments. Course covers color
TV, video tape recorders, computer
fundamentals, solid-state devices.

Industrial and Microprocessor
Technology covers circuit analysis, micro-
processors and automation applications,
lasers, and basic industrial robotics.

TV & Radio Servicinﬁ is a specialized
course offering an excellent foundation in the
use and application of both analog and
digital test equipment as applied to the TV
servicing field. Learn circuits, adjustments,
trouble- shooting, and servicing of Color and
monochrome monitors.

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.

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

NTS Intronic training programs include a
variety of superb equipment, most of which is
classified as field-type, making the training

ractical and career oriented. 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 80th. year,
continues to be at the leading edge in
Electronics home training.

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

If card is missing, simply wrile to the address shown below stating
the course you are interested in. A FREE color catalog with all
details will be sent to you by return mail,

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905

Resident and Home-Study Schools
4000 So. Figueroa St., Los Angeles, CA 90037

986} AHVYNYE3d
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RADIO-ELECTRONICS

+
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LEARN TV/VCR
REPAIR

No Previous
. Experience
>
L P Necessary

N oW you can train at home in spare time for a mon-
ey-making career as a TV{VCR Repair Specialist.
No need to quit your job or school, We show you how
to troubleshoot and repair videocassette recorders and
TV sets, how to handle house calls and shop repairs for
almost any make of television or VCR, You learn about
TV receivers, tuners and antennas, x-ray emission, the
characteristics of sound, how electrical impulses are con-
verted into a TV picture, and much, much more. Tools
are included with your course soyou can get‘‘hands-on'
practice as you follow the lessons step by step. Send for
free facts about opportunities In TV/VCR Repair and
find out how you can start making money in this
great career,

Experts show you what to do, how to
do it...guide you every step of the way!
Everything is explained in easy-to-understand language

with plenty of drawings, photos and diagrams. But if

there is ever anything in your lessons you don't under-

stand, you can write or phone your instructor and you

can count on getting an authoritative answer. Send for

free facts and color brochure. No cost. No obligation.
L Mo salesman will visit you MAI.L COUPON TODAY‘
—— e ——

JIE55| SCHOOL OF TV/VCR REPAIR, Dept. DEO16
swce | Scranton, Pennsylvania 155!5

Repair at home in my spare time. No salesman will visit.
MName Age

Address

City[State/Zip

L

T

Please send me free facts on how | can learn TV/VCR |

STUNGUN

holster
with
purchase.

EQIIA[IZEII

+ The ultimate non-lethal defense
weapon.

+ In five seconds can immobilize your
attacker, even through heavy clothing.

« Discharges over forty thousand volts
of electricity from a nine volt nickel-
cadmium battery.

- $49.95, Mass 5% sales 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
CIRCLE 270 ON FREE INFORMATION CARD

Rhoades TE-600
Teledapter Stereo
Synthesizer

Add simulated stereo sound

to your video set-up.

THE HOTTEST THING IN VIDEO 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) TE-600 Teledapter.
The primary use of thatdevice 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-

oo o 20 e 8

CIRCLE 6 ON FREE INFORMATION CARD

sults is dramatic. A/B testing is fa-
cilitated by an in/ouT 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,
would merita spot at the top of the
list for anyone interested in such a
product. But there’s quite a bit
more to that unit.

Rhoades has provided for the
day when your video equipment
will be upgraded. An ambience
circuitthat's designed to work 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-
quency hiss from all sources, in-
cluding TV, video and audio tapes,
AM and FM broadcast radio, and
satellite signals. 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



CLEARANCE!
TEST EQUIPMENT

HEWLETT PACEARD
SOME EXAMPLES: 16105 ANALYZER
1611A ANALYZER
BIOMATION DATA I/0 TERMINALS  VARIOUS MODELS
K102D ANALYZER UNIPAKIT  PROGRAMMING PACK
K105D ANALYZER 1320A CONTROL UNIT INTEL
29A PROM PROGRAMMER ~ MD$-225 MD SYSTEM
BEEHIVE MDS-225A4 MDD SYSTEM
TOPPER TERMINAL DATASOUTH MDS-230 MD SYSTEM
W/MICROCOMPUTER 180 PRINTER MDS-286 MD SYSTEM
DM-83 BURROUGHS MDS 2864 MD SYSTEM
COMPATIBLE TERMINAL DOLCH
32500 ANALYZER TEETRONIX
CASE (RIXON) 800 2A MD SYSTEM
COMEX 4 MODEM GRID
COMEX § MODEM COMPASS MICROCOMPUTER; WANG
R-14%4 MODEM TERMINAL OFFICE ASSISTANT

ACT NOW.

Quantities are limited.
The tirst reasonable offers
will be accepted.

For our Hot Sheet on the
complete inventory, send in
the reader service card or
call

800-824-2873

for details.
CIRCLE 258 ON FREE INFORMATION CARD

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-
ment has to move fast!
Offers are being accepted
for analyzers, scopes and
development systems...
Products include: HP,
Tektronix, Intel, Dolch
and more.

United States
Instrument Rentals, Inc.

Y AUS. Leasing Company
2988 Campus Drive
San Mateo, CA 94403
Please write in your work

phone number and address
on the reader service card.

9861 AHYNHg34
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:n‘:: than the usual volage, ea.u_nem &&resivsfnnce ranges, it Hund' Held

Take It Anywhere!

Pro-Quality, Feature-Pocked Cat Q1220

MULTIMETER .

3 95 A hand-held oscillator the size
of a digital multimeter! 23

ranges of sine & square waves

{switchable) between 20 Hz
INCLUDES £ 1.5kHz plus ax100 range:
CASE 46 settings in all. Many other

Cat 0-1500 features: 600 ohms output,

Rl ks cap S iodes,
reat value at $1.50 soe many ofher features & incredible specs!

Includes

RC OSCIL

temperature at the tip

Top-Quality,
Corrosion-free Multicore

ROYEL SOLDERING STATION

The ideal professional iron! It's ultra-light weight. so you can use it
comfortably for long periods. Superior design ensures that the

lasting iron for the production line or workshop.

will be precisely the one selected. This is a

Cat M-8530

Invaluable around the home or workshop. It
wall give a maximum of 1 ampa 3.4,5.6.7.5.9
and 12 volts DC. Simply plugsinta 117 VAC
power socket-DC connections via universal
socket plug. Ideal for use with alarm systems, . P
intercoms, etc, = a1t M-9545

3-4.5-6-7.5-9-12 VDC HEAVY DUTY SOLID-STATE

13.8V/4A Pea

Regulated D.C. Power Supply, 13.8 VDC,

J Also

RECH“RGE“BLE BATTER'ES 3/5 Amp. For home, lab service bench, CB

stereo and auto radios, this is an extremely

2 i sq 3” e unit. You'll wonder how
Cat N-1619 047" (18g) 7oz were  now either Cat 53320 12V 3Ah versatile unit. You Tl v I you managed
SOI.DER CatN-1623 0317(21g) Toz $5.95 for '3"ngu (Chargers Cat 5-3315 12V 1.2Ah without it! Input is 117VACE0H2100W.

Avalioble) ‘7" and the output is fully regulated low ripple
13.8VDC 1o supply, 3 Amps continuous and

SWISS-MADE QUALITY

Frequency Counter

@ Range: Switch selectable in 3 ranges
® Coupling AC
® Sensitie]

v:( d at c input)
INPUT A|25 Vrms 10Hz 1o 10MHz
INPUT B |50 Vrms 100MHz to 1GHz
@ Input impadance: INPUT A 1 MOhm/60pf
INPUT B 500hm nominal
® Max. Input: 250V p-p declining with
frequency to 3V p-p
® Gate Time: 3 switch selectable gate times
FAST,MEDIUM, SLOW/0.15,15,10s
@ Resolution 1 sec Gate:
0.1Hz ¢ v 10Mi [z range
1Hz err  OOMHz range
10Kz on 1GHz range{40 sec gate time}
® Time Base: 3.90625 AND 10MHz
(Crystal Oscillator freq)
@ Display: 9 digit. 0.5 7 segment LED
@ Power Req: 12V DC@ 400mA 220110V
AC transformer withwallplugor Ni-Cad 'C’
cells. Ni-Cad recharging unit is standard
® Size:BB" x 73" x3" '

Cat0-1315 m“s249°o

SATISFACTION GUARANTEED
OR YOUR MONEY BACK

Deluxe Wire Stripper _
S
ez 38.95 K Cat T-3620
wow +5s gl
This is a completely automatic wire stripper.
Only one hand is required to complete strip-

ping operation The multiple sized head strips
a range of wire from .04” to .13"

New & UNUSED!
12V DC STEPPING MOTORS

up 1o 5 amps surge. The unit is fuse and

. = s 95 , :&T::;:‘::g?&%ﬁi‘;;[umtumd with on/off
oose tirner - only e

SIGNAL GENERATOR

SPECIFICATIONS:

Frequency range: 100kHz to 150MHz in six over-
lapping ranges

Accuracy: #/- 1.5%

RF output: 100mV rms approx (up to 35 MHz)
Modulation: 1 kHz internal. 50Hz - 20kHz external
Audio output: 1 kHz at 1V rms (fixed)

Crystal Oscillator: 1-15MHz external crystal. FT243
holder

Supply voltage: 110V Ac

AUDIO GENERATOR

SPECIFICATIONS:

Frequency range: 20Hz-200kHz

Accuracy: #/- 3% - 2Hz

Output impedance: 600 ohms unbalanced

Output Control: High/Low unbal {-200dB) and fine
adjuster.

Sine wave output: 20Hz-20kHz. 5V rms max at 1% or
less distortion

Square wave o/p: 20Hz, 10V p-pmax, 0.5us rise time
Sych: # /- 3% of oscillator frequency per V rms

CO-AX
RELAY

reqg. $19.95 I
pi® L
JUST Cat 57402

40 Pin DIL Socket Unbalievablo Box Volue! |

Ot P-4250 Reg. 45¢ wow 25¢

MOLEX IC Socket Strip ® Close-fitting aluminum lid

Cat H-2481

Buy

by
the
Carton
and SAVE!!

Professional quality black instrument case
fits standard 19" macks, overall they're 16.75" x

8" x 5.5". Supplied fiat, assembly takes
just a couple of minutes. Heavy gauge (0.127)
front panel: top and bottom pre-punched for

ventilation, 12 & up

$29%cqch $24959q.

SPEEDY-— )\~
BOXES -

® Tough moulded case
with deep ribbed sides

® Screws supplied '1 25

Mini pcb mounting relay with fully enclosed Make your own IC sockets-just cut the required number Cat H-2755 3" 2" x 1" only

contacts for coax cable. Coil rated at 12 volts. of pins from the strip & solder them in! 100 pins/sirip or 10 for $5
80mA Handles up to 1000 Mz so its ideal Cat P-4504 Pack of 100 reg $2.50 s 0o '200
for all HF, VHF and UHF switching applications. NOW 1 Cat H-2751 B"x3.5"x 2" only

TRANSFORMER

reg. $7.95

Pomary. 110V A

Tapped Secondary 15 17
Volladg)

Cat: M-6672 Secondsry Curtent |

Termnaton Sok

AUDIO ALARMS (5D

Two-Tone Piezo 5
Car L7027 rag $3.95 Now SR 98

Slim Piezo Alarm
Cat L-7024 reg $2.95
NOW ‘1 50

Choose fron Two Models:

Cat J-0015 - single shaft

@ 1.8 step angle @ 4A drain per phase

@ 2.22" square base

Cat J-0016 - Double shaft 5

@ 1.8 step angle ® BA drain per phase
@ 2.22" square base

Ideal for Robotics projects - ask for the books
wa sell on this topic! Normal WHOLESALE
price on these motors is around $70, butour
scoop purchase lowers the price to save you

a fortune! °n|v‘1 4°'

or 10 for $10

MK 2 Car Alarm | Stereo Preamp

One of the most sophisticated, yet simple This amazingly versatile unit can be builtasa
alarms around. It uses a triggering technigue magnetic cartridge preamp (for upgrading
which makes it less prone to false alarms- a your stereo}, a tape preamp or an auxiliary
common problem with many car alarms, yet preamp with 40, 55 or 80dB gain. It is
it will sense a voltage drop anywhere in the extremely simple: uses only one special IC
electrical system. For example, when a door and is very small, all parts fit on a PCB less
is opened. or a jumper lead is applied 1o the than 2% square. It does not need a special
starter, etc. It is housed in a virtually water- power supply as any reasonable power supply
proof die-cast case 10 minimize ingress of from 10 to 40V will do. Frequency response
moisture or fumes, and all connections are is well beyond 20 kHz. Full instructions are
made to the terminal strip for easy installation supplied. Cat K-3427

and removal. Cat K-3253
was*24 s nows 14’5 was*9°® Now 3495

PROFESSIONAL SERIES
MOSFET AMP KIT caxss16

POWER OUTPUT One Channel Both Chonnels
4 ohms 184 W 180W Al
8 ohms 104W 9w

HARMONIC DISTORTION
Less than 0.2% for all powers up to
100 W into 8 ohm loods

a A bibl
Less than 0.3% for all powers up fo 3369
180 W into 4 ohm loads

Ignition Killer | LCD Panel Meter

A versatilte accurate panel meter using a

Ingenious but simple circuit based on a 555 large liquid crystal display for low power
timer that literally kills your car ignition and consumption. The PC board design allows
then re-sets itself, making the thief think for maximum flexiblity to cater for varied
something is wrong with the engine. The mounting arrangements. The low cost makes
theory is he'll then go and pinch someane it ideally suited as a readout device on many
else’s car instead.Cat K-3255 projects, at both amateur and professional

level Cat K-3450
95
was®*1 4°° Nowsg was*29° now® 1 9“

CIRCLE 95 ON FREE INFORMATION CARD



JE AN INFORMED
ONSUMER!

32995
HOME
SATELLITE
v
Installation & Trouble-
Shooting Manual

Everything you need to know to

Build the
AUSTRALIS |

& Save a Fortune

You can put this kit together in just hours! See the January
1986 issue of Radio Electronics for a special feature on the
Australis |. As Richard Maddox, author of Troubleshooting &
Repair of Satellite Systems, says,
* The performance rivals commercial receivers costing
hundreds of doliars more, The ease of assembly &. . . fleld

proven clrculiry Is fantastic. The quality. . .better than
expensive commercial unifs. .. *

SATELLITE RECEIVER KIT

Never Miss A Show Again!

requires
a17 10 18 volt
AC power supply.

or similar.

understand, select, install. and
Rk lte TV

Written in an easily readable style,
this book is a must for satellite TV
dealers and anyone who wants to
install their own system|

Cat B-1846

Cat D-6335

NOW! Get TV Reception for Both Ears!

Once again, Dick Smith Electronics brings you state of the art circuitry with advanced technical standards
and you get stereo satellite reception with maximum performance. You'll be amazed at the exciting.crisp
image - it looks alive! But even more amazing is the incredible Dick Smith price - and this unit is already
built! This is a single conversion receiver,

cuoes: ROCKDALE SATELLITE RECEIVER $1 9900

Come in or call to ask about
Our complete Satellite Systems,
designed to fit every budget.

WHERE THE ELECTRGBIC ENTHUSIAST IS # 1 |

REDWOOD CITY:

Cat K-3439

Frequency Counter

Superb design uses latest IC technology.
Low component count makes it very
reliable and easy to build. Measures
frequency to 500 MHz (with optional
pre-scalerjand penod bothwith a 7 digit
resolution. Supplied with the exclusive
Dick Smith simplified circuit board wir-
ing. step-by-step instructions and a qualk-
ity pre-punched and silk screened front

panel and case. 38995
PreScaler Kit

Increase the range of your K-3438

—
s 7 9 95 INCLUDES
12V PLUG & AC ADAPTOR
Imagine - a miniature TV that operates from a 12V supply but
draws very little current! Use the cigarette lighter plug invehicles
or the AC adaptor in the house [both areincluded!). The 5" B&W

screen offers great definition. so now you can see your favorite
shows everywhere - in your car. truck, boat or van!

e ] 57 B& W TELEVISION

Move Your Dish
Without Leaving the House!

@\.; " your satellite dish. With this Actuator { a motor-controlled
- 4

arm that attaches to dish & mount) and Positioner ( the
remote control unit that sits under your receiver or TV), you
can position your dish in total comfort. This unitis designed
to suit most dishes. Install it yourself and save!

Raining? don’t get soaked just because you need to move

Cat ¥-6000

*24900

FECO SATELLITE
POSITIONER & ACTUATOR

TELETEXT IS HERE!

o
# >+199

Get More from Your TV!

Right now text & graphics are being transmitted as digital data in the Vertical
Blanking Interval on your TV] The latest news, weather, stock & business
information, sports scores and a wealth of other features are yours - for free! All
you need is a teletext decoder. Our engineers have designed this easy-to-build
kit to bring teletext to you at an incredibly low price. (Note: Requires pre-tuned
composite video B audio outputs from your VCR, Satellite Receiver, component
TV Tuner, some Cable TV decoders, or some newer TV's with composite tuner

Frequency Counter toamore onal
range of operation. . . 10-500MHz
Cat K-3439

STORES AT:

BERKELEY: 2474 Shattuck Ave. (415)4846-0755

390 Convention Way (415)368-8844
SAN JOSE: 4980 Stevens Creek Bivd (408)241-2266

LOS ANGELES: 1830 Westwood Blivd. (2413)474-0626

TELETEXT DECODER KIT . ceors

Another
Exclusive

DICK SMITH
KIT

Pico 1394 3 Priodug 30 Pl

‘-p Brosscating D1
=

CALL WRITE, ORVISITOUR RETAILCENTERS!

ORDERS ONLY: CALL TOLL FREE 1-800-332-5373
(Mon-Fri, 6am-6pm PACIFIC TIME)
IN CALIFORNIA: 1-415-368-1066

HEAD OFFICE: 390 Convention Way, Redwood Clty, CA 94063

MAIL ORDERS

P.O. Box 8021 Redwood City
CA 94063

14 DAY Money-Back
GUARANTEE




Free

Famous h' - te cn
atalogy

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 build
a Heathkit high-quality product. Our colorful, in-
formative catalog reflects the years of experience
and technological expertise that make these
things happen for you.

Amateur Radio Terminal
Node Controller

Hero® 1 Educational
Robot and Courseware

IBM-PC Compatible
\, Expandable Computers

In our catalog you'll find over 450
interesting and useful items — from
computer hardware and software to
robots and test instruments, and from
home security systems to color tv's
and amateur radio equipment.

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

Send £ =“\NOW for your FREE Heathkit Catalog

dence and pride that you can only get
by building a state-of-the-art product
yourself. And you're backed by our
promise, “We won't let you fail”

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

T

Yes! |wantiosee what kitbuilding can do for me. I

Please send me the latest Heathkit Catalog Free. I
Send to: Heath Company, Dept. 020-382 |
Benton Harbor, Michigan 49022

@ |
g Name |
E : Address I
i - o City State
= mmHeathkit -I {
o] Zip
% Company I A y of Zenith El GCorporation CL-787 l
ine

b N e e ]
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Rhoades
OVERALL
PRICE

EASE
OF USE

INSTRUCTION
MANUAL

PRICE
AfA LUE

TE-600 |

1]2(8]al8]6|7[8
>

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 limited
warranty. The TE-600is available di-
rectly from the manufacturer for
$145.00, plus $4.00 for postage and
handling. R-E

Qoo‘ 2

-~
o ~
-

“The meaning of life? Just a second..."

ALzl
el o



BUY A SCOPE
GET A

loseph Electronics give you a free 3'2-digit DMM (Regularly: $79.95)
/ith 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
rord memory per channel e Storage of 10 MHz — One time events

Cursor Function e Probes ¢ Free! Midland DMM  Reg: $4950 $4295

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

18 Kv accelerating potential  Probes

Free! Midland DMM  Reg: $2490 $2195
1ITACHI V-222 High performance, lightweight 20 MHz portable
scilloscope: Features: Compact Design e 6 inch CRT with internal

raticule e 1 Mv Sensitivity e Dual Trace e Auto Focus e DC to 20 MHz range
Vertical Trigger Mode e DC Offset » Probes

Free! Midland DMM  Reg: $715 $495

1ITACHI V-422 Same as Hitachi Model V-222 above, with
inge DC to 40 MHz » Free! Midland DMM  Reg: $925 $625

IITACHI V-650F Best-selling Oscilloscope, 60 MHz, dual trace delayed
weep. Features: Large, bright state-of-the-art 6 inch CRT e High sensitivity of
MV/div e Dual Trace » Delayed Sweep e Trigger View e Auto-

1atic Focus e Probes e Free! Midland DMM  Reg: $1195 $875

fITACHI V-1050F Superb 100 MHz, Quad Trace Delayed Sweep Oscilloscope.
eatures: Large, bright 6 inch CRT e Quad Trace Operation (4 channels)
High Sensitivity e High Accuracy e Alternate Timebase Operation ¢ 20 MHz

andwidth limiter e Full TV Triggering ¢ 10x Magnification
Auto Focus e Probes e Free! Midland DMM  Reg: $1595 $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.

Midland DMM 23-215 This pocket-sized DMM
features: 3'4 digit readout, .5% accuracy, 10 Meg
input, and full overload protection to meet UL1244.

Call: 1 (800) 323-5925

In lllinois: (312) 297-4200

HANDLING CHARGES
ORDER ADD

$0-999 $10
$1000 - 2499 $15
$2500 - up $20

llnsaph
2lectronics

8830 N. Milwaukee Ave.,
Niles, IL 60648
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NEW IDEAS

An inexpensive crystal timebase
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STOPWATCHES, DIGITAL 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 IC's.
Since all IC’s are CMOS types, the
circuit may run from any five- to
fifteen-volt power source. The
whole circuit, including IC sock-
ets, can be put together for under
ten dollars.

FIG. 1

Circuit operation

An on-board oscillator and a 17-
stage divider compose IC1. By
connecting a standard 3.58-MHz
television color-burst crystal as
shown, an accurate source of 60-
Hz squarewaves is generated at
the IC's output, pin 1. Those pulses
are then fed to I1C2, a 4024 seven-
stage ripple counter. Its outputs
are connected to different gates in
IC3, which is a dual four-input
NaND gate. Depending on which
position PULSE-SELECT switch S2 is
in, one of those gates will provide

NEW IDEAS

This column is devoted to new ideas, cir-
cuits, device applications, construction tech-
niques, helpful hints, etc.

All published entries, upon publication, will
earn $25. In addition, for U.S. residents only,
Panavise will donate their model 333—The
Rapid Assembly Circuit Board Holder, having
a retail price of $39.95. It features an eight-
position rotating adjustment, indexing at 45-
degree increments, and six positive lock posi-
tions in the vertical plane, giving you a full ten-
inch height adjustment for comfortable work-
ing.

| agree to the above terms, and grant
Radio-Electronics Magazine the right to
publish my idea and to subsequently re-
publish my idea in collections or compilations
of reprints of similar articles. | declare that the
attached idea is my own original material and
that its publication does not violate any other
copyright. | also declare that this material has
not been previously published.

Title of Idea

Signature

Print Name Date

Street

City State Zip
Mail your idea along with this coupon
to: New Ideas Radio-Electronics,

200 Park Ave. South,

New York, NY 10003

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

First assume that S2 is in the 01
SECOND position. The @2and the @3
outputs of IC2 go high after six
input pulses have been received.
Pin 13 of 1C3-a then goes low, so
pin 11 of IC4-a goes high, and that
resets 1C2, so counting starts over.
If S2 is in the 1secoND position, the
reset/output pulse is generated
when IC2’s Q3-Q6 outputs (pins
2-5) all go high; that is, after 60
input pulses have been received.

The pulse from IC3-a or IC3-b is

continued on page 111




(ontemporary
Electronics Series

The fast, easy and low cost way to
meet the challenges of today’s
electronic innovations. A unique
learning series that’s as innovative as
the circuitry it explains, as
fascinating as the experiments you
build and explore.

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

unique Concept Modules, sent to you ==

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

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

Unique Interactive Instruction

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

With yvour first
module, you
get this
solderless
breadboarding
system. You'll
use it through-
out the series 1o
build elec-
tronic circuits
and bring
concepts
to life.

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.

Perform
Experiments
in Contemporary Electronics

Throughout your series, lab-
oratory experiments reinforce every
significant point. This
essential experience

..dynamic, hands-on
demonstrations of
theory in practice. . .
will help you master \
principles that apply all |
the way up to tomorrow’s '
latest VLSI (Very Large
Scale Integrated) circuitry.

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

For Anyone Interested in Electronics

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

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

. .
' = probably least
ﬁ _ expensive way to
Ul !"'n doit. And the
" @ only one that gives
e i you hands-on
‘ \é experience.

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.

' f | 2 McGraw-Hill
c-‘ o Continuing Education Center
.‘}n 3939 Wisconsin Ave.

[ ] Washington, D.C. 20016



Regency Scanners

Bring you the Excitement of Police,
Fire, Emergency Radio, and more.

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.

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
MXS5000 is a 20 channel,
no-crystal scanner that receives
continuously from 25 to 550 MHz
with all the same features as the
MZX7000. 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

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
MZX7000, 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 television 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

CIRCLE 264 ON FREE INFORMATION CARD

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 radio with a plug-in
transformer and a telescoping
antenna so 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, Indianapolis,

IN 46226.

—= v
€M
ELEg‘/Fj;)NICS,%.B

7707 Records Street

*Mobile use subject to restriction
in certain localities.

Indianapolis, IN 46226-9989
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62.5 MHz 125 MHz 250 MHz 500 MHz 430-520 MHz
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FIG.1—BLOCK DIAGRAM OF THE TV TRANSMITTER reveals the overall simplicity of the circuit, which
is composed of an oscillator, three frequency doublers, and video and audio modulators.

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

Audio input is applied to Q8, which
operates as a VCO (Voltage Controlled
Oscillator) running at a nominal frequen-
cy of 4.5 MHz to produce the modulated
sound carrier. For simplicity, Q8 is a free-
running 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 circuitry required.

Calculating maximum range

The following equations may be used to
calculate the maximum range you can ex-
pect from the wireless video-cameraJdink.

| logaritheas in thts 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 6 dB. 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:

MDS = 6+10 log (4 x 108) —174 +40

Therefore, MDS = 62 dBm, or
0.794 x 10-3 % 273 = 216 millivolts. So
for a transmitter power of + 15dBm and 2

isotropic antennas, that allows a Path Loss
(PL) of 87 dB.

PL = 37420 log (D) +20 log (f)

Isolating the distance factor we see that:
20 log (D) = PL—37—20 log (f)
20 log (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,” terrain
loss, and obstacle shielding. However, a
distance of several hundred feet is easily
possible using a + 12V supply.

Detailed circuit description

The complete schematic of the wireless
video link is shown in Fig. 2; we’ll discuss
each stage in detail. Transistor QI is a
common-base (or Calpitts) oscillator bi-
ased by resistors R1, R2, and R3. Induc-

_tor L4 and capaeitors C3, C4, C5, and C8

form a circuit that is tuned to the frequen-
cy of the crystal.

The crystal is series-resonant at some
frequency between 60 and 65 MHz, so it
appears as a low impedance (50 ohms or
less) at that frequency. Therefore Q1 will
have sufficient gain as a common-base
amplifier only at the resonant frequency
of the crystal. Hence the signal developed
at the junction of C4 and C5 will be ampli-
fied by Q1 only if that signal is at the same
frequency as the crystal. At that frequen-
cy, Ql, has sufficient gain to oscillate be-
cause the ratio of the voltage initially
developed between C4 and CS to that at
QI’s collector is greater than unity.

Capacitors C3 and C8 complete the
tuned circuit; they also 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

PARTS LIST

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

R1, B5, R11—22,000 ohms

R2, R6, R12, R16—4,700 ohms

R3, R7, R13—220 ohms

R4, R9, R10, R18, R19, R21, R25—100
ohms

R8, R14, R33—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 ohms

R29—82 ohms

R31-—1000 ohms, linear taper potentiom-
eter

R32--10,000 ohms, audio taper potenti-
ometer

Capacitors

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

C2, C7, C9, C14, C16, C23, C26, C29,
C30—470 pF cermaic disc

C3-—33 pF, 5%, mica

C4, C19—15 pF, 5%, mica

C5—56 pF, 5%, mica

C8—82 pF, 5%, mica

C10—18 pF, 5%, mica

C11—2 pF, = 1pF, mica

C12—24 pF, 5%, mica

C13—39 pF, 5%, mica

C17—8 pF, 5%, mica

C18, C24—1 pF, +1pF, mica

C20—12 pF, 5%, mica

€21, C27—47 pF. 5%, mica

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

€31, C33, C39—8.2 pF, 20 volts, tantalum

C34—470 pF, 5%, mica

C35—220 pF, 5%, mica

C36—5-60 pF, polystyrene trimmer

C37—100 pF, 5%, mica

Semiconductors

Q1-Q3, QB—2N3563

Q4—2N3564

Q5, Q7—2N3866

Q8—MPF102

Q9—2N3565

LED1—standard red LED

D1—IN757 9V Zener

D2—MV2117 varactor

D3—1N4002

Other components

J1—Video camera jack

J2—BNC jack

J3—Coaxial power jack

L1—6.2 uH (see text)

L2, L3—0.074 pH (see text)

L4—0.15 1H (see text)

L5, L6—0.035 |LH (see text)

L7, L8, L9—0.018 uH (see text)

L10, L11—5.6 uH

S1—SPST miniature toggle

XTAL—Crystal (see text)

Miscellaneous: Aiuminum project case

AA-penlight cell battery holders

Note: The following are available from

North Country Radio, P. 0. Box 53, Wy-

kagl Station, New York 10804: Etched

and drilled PC board, ferrite cores for

coils L1 and L4, and crystal for Chan-

nel 14 or 15, $32.50; Complete set of all

parts that mount on PC board, $69.95.

In either case, be sure to specify chan-

nel.
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FIG. 2—COMPLETE SCHEMATIC OF THE TV TRANSMITTER is shown here. The circuit is straightfor-
ward, but 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 circuit 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 cir-
cuits at its input resonate at approximately
125 MHz, and its output circuits resonate
at about 250 MHz. Again, Q4 operates
like Q3, taking account of the values of
the components in the tuned circuits.
However, note that no emitter-bypass ca-
pacitor or resistor is used. It 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
voltage from the emitter of Q7, which
supplies +4.5 volts with no input signal
to Q4 and QS. 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 to 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 varactor (variable-capaci-
tance) diode. It is biased at about nine
volts by R25, R26, and Zener diode D1,
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
C38 (0.01 pF) provides pre-emphasis to
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-level carrier may be var-
ied by changing R23 as necessary.

The power supply is a 12-volt battery
pack composed of eight AA alkaline
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FIG. 3—COMPONENTS ARE MOUNTED ON THE PC BOARD as shown here. Note how R31 dangles
from the PC board. We suggest you use a more secure method of mounting that potentiometer than we

did.

cells; 10 AA Ni-Cd cells could be used
instead. Alternatively, external power
may be coupled in through jack J3. The
power-on condition is indicated by LEDI,
which is current-limited by R28.

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

Construction

Our transmitter is built on a single-
sided PC board; the foil pattern is shown
in “PC Service” elsewhere in this maga-
zine. You may use either 0.8- or 1.6-mm
G-10 glass-epoxy PC-board material. For
most low-power, solid-state applications,
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
characteristics.

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
transmitter, 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 to you.

First, be careful to select the proper
components. For example, at low fre-
quencies (under about 10 MHz), most ce-

ramic bypass capacitors work fairly well.
Typical 0.01 and 0.1 F 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 lengths 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 to 470 pf) are required, and leads
must be very short. 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 leads very short—do not
use Y4-inch leads on bypass capacitors.

Common electrolytic capacitors gener-
ally work well 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. That inductance can in-
crease apparent 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 tuned circuits at the frequencies
we are dealing with.

Typical Y4-watt resistors of 15 to 1000
ohms behave pretty well up to about 250
MHz or so. Values below 15 ohms tend 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 to L8 and L9,
respectively. Also note the unequal turn-spacing of L2, L3, L5, and L6, which was brought on by tuning
those coils. Finally, note the small slug L4 is wound around, and L1’s toroidal core.

fore, the resonant frequency, of a tuned
circuit. Stray inductive and capacitive 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 or to another PC
pad. A long PC rail may act as an RF
transmission line or even as a resonant
circuit. It may also appear as an additional
turn on a coupling transformer, by which
unwanted signals might be radiated to
other components or PC traces.

We hope you’re not scared by all those
cautions. We just want you to be aware of
some of the problems 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 to-
gether, check the PC board over for shorts
and opens, and make sure that the copper
is clean and shiny. Then, referring to the
parts-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 trimmer capacitors. Re-
member to cut all leads—especially the
capacitors' leads—as short as possible.
Don’t overheat the semiconductors when
soldering them to the PC board.

Now you're ready to wind and install
the RF coils. 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 turned out.

® L] is eight turns of 22-gauge wire
wound on a Ferroxcube 768T188 toroid
core made from 4C4 ferrite.

® [.2 and L3 are seven turns of 22-gauge
wire wound on a #26 drill bit. Of course,
remove the drill bit after the coil is com-
pleted.

® [ 4 is wound around a standard 10-32
screw thread. The screw should be re-
moved after the coil is completed. Then
L4 should be fitted with a ferrite slug. You
may be able to find an appropriate slug in
anold TV, radio, or CB radio. Best results
will be obtained when the slug is taken
from a circuit that operates in the 25-100-
MHz range, such as a TV IF circuit, or the
front 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 to fit the slug you have.

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

® [.7,18, and L9 are merely 1.5 cm loops
of wire wound on a ¥-inch form and sol-

FIG. 5—RF-PROBE may be used with any VOM
or DVM that has sensitivity greater than 20K
ohms/volt.

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,
C29 is mounted from the board to the mid-
point of L9; the lead then continues to the
pad near the collector of Q3.

® [10and L11 are standard 5.6 wH, 10%-
tolerance chokes obtainable from the J.W.
Miller Corporation, etc. They could also
be wound from 36-gauge wire on Y2-watt,
I-megohm carbon resistors if desired.

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

We use a 10-pin camera jack for J1, but
feel free to substitute whatever connectors
you need. If 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 affect 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
components were unnecessary in our ap-
plication. We used fixed-value resistors
for R31 and R32, but small potentiome-
ters could be mounted to the case and
wires 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 Q8.

Solder the coils to the PC board now,
and solder short 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 polarized compo-
nents are correctly oriented.

Testing and alignment

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-ohm dummy load

If an RF probe is not available, you can
use the circuit shown in Fig. 5 with your
voltmeter. If you have no 50-ohm dummy
load, you can use a 51-ohm, Y4-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 at
R4, R9, R10 and the collector of Q7.
Check for +9V at the drain of Q8. Then
check for 1.0 to 1.5 volts at the emitters of
Ql, Q2, and Q3. Check for +4.5 to

continued on page 114
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GETTING INVOLVED. Murray Barlowe, CET, and

HIGHLIGHTS orF tTHe 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 electronics convention (NPEC) 1s a
worthwhile and memorable experience,
1985°s session. held in Augustin Hartford
CT, was particularly significant for the
electronics industry. At that meeting a
consolidation agreement between the Na-
tional Electronics Sales and Service Deal-
ers Association (NESDA) and the
National Association of Television and
Electronic Servicers of America
(NATESA) was unanimously approved by
NESDA. Later in the month, NATESA,
at its convention held in St. Charles, 1L,
also unanimously approved it.

Joining together

Under the agreement, the Chicago-
based NATESA organization will become
the NESDA state affiliate i Hiinois as of
January 1, 1986. At the same time,
NESDA will accept and perpetuate the
heritage of NATESA as its own. For two
years, current NATESA members who

. reside outside of lllinois may choose to

either remain members of the Ilinois as-
sociation or to join the NESDA affiliate in
their home state. Current NESDA mem-
bers residing in [Hinois have two years to
join the new lllinois affiliate.

[y

Ed Kimmel, CET, participate in the Electronics
Instructors Conference, one of the many semi-
nars at the Hartford NPEC.

3 i/ LW
MAN OF THE YEAR. Larry Steckler, publisher of
Radio-Electronics, Chairman of the Electronics
Industry Hall of Fame, and NESDA's Man of the
Year speaks at the Hall of Fame Banquet. Roger
Companion, NATESA Vice President, is seated
at the right.

Former officers of NATESA will be
recognized equally with those of NESDA.
The founder of NATESA. the late Frank J.
Moch. who. at the convention, was induc-
ted into the Electronics Industry Hall of
Fame, will be perpetually honored as the
father of both organizations.

The current presidents of both organi-
zations highly praised the new agreement.
Said continuing NATESA president Tom
Leeney, “We're proud to contribute our
part to a vibrant NESDA organization,
and this agreement shows that the people
in our industry have the ability to work
together for the good of all.™ Daorothy
Cicchetti, the newly-elected president of
NESDA, added, *With the addition of the
diligent and loyal NATESA members,
NESDA will become an even more domi-
nant force for good in our profession.™

Elections and awards

A spirited contest led to the election of
Dorothy Cicchetti, of Flushing. NY, as
NESDA president.

The other NESDA officers elected in-
cluded: Robert Harrell, Johnson City. TN,
Ist National Vice President; Clifford A.
Shaw, Columbia, VA, Secretary; and
Dick Scott. CET. Olympia, WA, Trea-
surer. Regional Vice Presidents are Art
Van Sicklin, Hartford, CT: Faust
Guarino, CET, Oceanside, NY: lim Tee-
ters, CET, Norfolk, VA: Gene Di-
llingham, CET, Louisville, KY: Bob
Mesa, CSM, Parma, OH; Floyd Hack,
CET, Taft. TX; Gennie Randel. Greens-
burg, KS: Vince Hostetler, CSM, Grand
Junction, CO; Ken Duncan, CSM, Anti-
och, CA: and Bob Villont, CET/CSM,
Tacoma, WA.

The new ISCET (International Society
of Centified Electronics Technicians) of-
ficers are: Jim Parks, CET, Orlando, FL,
Chairman: Don Winchel, CET, Smart-

- vy - ey |
OUTGOING NESDA PRESIDENT George Bluze
(standing left) presents certificates recognizing
the industry contributions of Paul Kelley (stand-
ing center), Robert Haskins, and Robert Read.
Tom Plant CET (standing right) accepted the
certificate for Haskins and Read.

ville, CA, Vice Chairman; Hal Robbins.
CET. Van Nuys. CA, Secretary; and Earl
Tickler, CET, Baltimore, MD, Treasurer.
Bob Villont will continue as the NESDA
representative to the ISCET board of goy-
ernors.

Turning to the awards. as previously
mentioned, the late Frank J. Moch was
mducted into the Electronics Industry
Hall of Fame. In addition. Larry Steckler
CET/EHF, Publisher, Gernsback Publica-
tions (including, of course, Radio-Elec-
tronics) and Chairman of the Electronics
Industry Hall of Fame was named
NESDA's Man of the Year: he was also
presented with [SCET’s Continuous Ser-
vice Award.

Other major awards included: Ken
Duncan, CSM, Officer of the Year: Cliff
Shaw and Chic Young, P.E./CSM (ue).
Quistanding Commitiee Chairman; Don
Erwin, CSA. Outstanding State Presi-
dent; Ed Erich, CSM, Outstanding Local
President; Martin Fleming, CET, Techni-
cian of the Year: and Lester Dodd, CET,
1985 Friend of ISCET.

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

CELEBRATING THE SIGNING of the momentous
agreement consolidating NESDA and NATESA
are NESDA President Dorothy Cicchetti (left)
and NATESA President Tom Leeney.

JEROME MOCH, (standing left) son of the late
Frank J. Moch, accepts the plaque designating
the induction of his father into the Electronics
Industry Hall of Fame. Making the presentation
is Wallace Harrison, Director of Communica-
tions of NESDA/ISCET.
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OK, TVRO fans, here’s 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.

Construction

Use of a PC board is strongly recom-
mended; a foil pattern is presented in the
“PC Service™ section of this magazine.

Use the component-placement diagram
in Fig. 3 and the photograph in Fig. 4 to
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, insert
all resistors in numerical order. R96 and
R100 are not installed on the PC board.

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

3—Install the trimmer potentiometers

on

the board, followed by the trimmer

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

4—Install all diodes. Be careful to in-
stall them with the correct polarity, and
use extra care in bending the leads on
glass diodes.

S—Insert all IC sockets, making sure
that pin one of every socket is oriented
correctly. IC1 and FL1 should both be
mounted flush to the board and soldered
in. The leads of transistors Q1 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 Y4-inch of lead protruding above the
board.

6—Voltage regulators IC10 and ICII
need 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
holes in the PC board, solder the reg-
ulators and heat sinks to the board, and
tighten the screws. Install the 7805 reg-
ulator, IC9.

7—Mount power switch S3 and Arc
switch S2 on the board and solder them.

8—Solder the two type-F connectors,
J1 and J5, and the three RCA-type phono
jacks, J2, J3 and J4, to the PC board.

9—Mount 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 inductors.
Note that L4 is mounted vertically on the
board. Install FL2 now.

11—Mount green power LED3 Y4-inch
above the board. It will be bent to fit into
the front panel later.

(Editor’s note: We recently heard from
an experimenter who reported that the fol-
lowing modifications will improve perfor-
mance: Remove R69 from the board.
Replace R64 with a 220-ohm, Ys-watt
unit. Add a 330-ohm, Y4-watt unit at the
base of Q7.)

Front-panel assembly

At this point, all components should be
installed except the IC’s and the front- and
rear-panel components. The front-panel
layout is shown in Fig. 5. The wire lengths
given below assume that you are using the
PC board and case specified in the parts
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FIG. 3—ON-BOARD COMPONENTS are shown here. Note that transistor Q1 and Q2 are mounted on the
underside of the board.
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FIG. 4—THE COMPLETED PC BOARD. Be sure to route the interconnecting wires away from the
voltage regulators.
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list. If you're not, use wires of the appro-
priate length.

1—Mount potentiometers R103, R108,
and R110 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 together. Solder a seven-inch wire to
all terminals except the right terminal of
R108.

3—Mount switches S2 and S4. Solder
six-inch wires to the three terminals on
S4. Solder a seven-inch wire to each cen-
ter terminal of S2; connect a short jumper
between the upper-left and the lower-cen-
ter terminals

4—Insert LEDI and LED?2 into the ap-
propriate holes in the front panel. Orient
them so that their cathodes (the flat sides)
are toward polarity-switch §2. 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 each
meter terminal. Mount the meter in the
front panel.

Rear-panel assembly

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

1—Mount the terminal strip and AC-
input jack J6 to the back panel.



All resistors 1/4-watt, 5% unless other-
wise specified.

Ri, R3—270 ohms

R2—510 ohms

R4, R5, R32, R33, R77—680 ohms

R6—150 ohms, Y2-watt

R7—1200 ohms

R8, R30, R44, R46—10,000 ohms

R9, R10, R26, R53—56 ohms

R11, R16, R17, R24, R25, R28, R60, R65,
R87—75 ohms

R12, R15, R29, R34, R42, BR52, R72, R79,
R82, R86, R95—1000 ochms

R13, R47, R70, R93, R96—100 ohms

R14—3.9 ohms

R18-R21, R54, R73—470 ohms

R22, R23—120 ohms

R27—820 ohms

R31, R43, R69—220 ohms

R35, R37—22,000 ohms

R36—18,000 ohms

R38, R74, R94-—100,000 ohms

R39, R40, R45, R92—4700 ochms

R41—unused

R48, R64—330 ohms

R49, R51, R88—2200 ohms

R50—120,000 ohms

R55, B56, R58, R62, R63—150 ohms, ¥z
watt

R57, R75—3300 ohms

R59, R61, R66, R68, R76—560 ohms

R67—43 ohms

. R71—12,000 ohms

R78, R83, R84—0 ohms (jumper)}

R80—47,000 ohms

R81—1500 ohms

R85—8200 ohms

R89, R90—2700 ohms

R91—68,000 ohms

R96—180 ohms, 1 watt

R97-R99, R101—unused

R100—5.6 ohms, 5 walts

R102, R104, R105, R107, Ri11, R112—
5000 ohm trimmer potentiometer

R103—5000 ohm linear potentiometer

R106, R113—10,000 ohm trimmer potenti-
ometer

R108-—10,000 ohm linear potentiometer

R109—2000 ohm trimmer potentiometer

R110—5000 ohm linear potentiometer

PARTS LIST

R114—100,000 chm trimmer potentiome-
ter

Capacitors

C1-C5, C7,C8, C13-C18, C20, C21, C23,
C24, C27, C42, C44, C50-C52, C61,
C64, C65, C67—0.01 wF, ceramic disk

C6, C37, C41, C43, C54, C59, C66—un-
used

C9, C10, C63—33 pF, ceramic disk

Ci1, C12, C46, C53—0.001 pF, ceramic
disk

C19—47 pF, silver mica

C22, C45, C49, C58, C60—10 pF, 25
volts, tantalum

C25, C56—47 pF, 16 volts, tantaium

C26, C48, C57, C59—0.22 pF, 30 volts,
tantalum

C28—100 pF, ceramic disk

C29—56 pF, ceramic disk

C30—68 pF, ceramic disk

C31—300 pF, ceramic disk

C32—220 pF, ceramic disk

C33, C38, C62—100 wF, 16 volts, elec-
trolytic

C34, C68—0.1 pF, ceramic disk

C35—470 u.F, 16 volts, electrolytic

C36—10 pF, ceramic disk

C39—0.0047 pF. ceramic disk

C40—0.047 pF, ceramic disk

C47—5600 pF, 40 volts, electrolytic

C55—0.0022 pF, ceramic disk

C70—220 pF, 25 volts, electrolytic

C71—5-70 pF, variable

C72—2-20 pF, variable

Semiconductors

IC1—MWA120, hybrid small-signal ampli-
fier

IC2—MC101186, triple differential line re-
ceiver

I1C3, IC4—L M358, dual op-amp

IC5—MC1496, video detector

IC6—NE555, timer

IC7—NE592, video amplifier

IC8—NES564, phase-lock loop

1C9—7805, 5-volt regulator

IC10-—7812, 12-volt requlator

1C11-—7818, 18-volt regulator

Qf, Q2—BFR91

Q3, Q4, Q6—2N2222

Q5, Q7—BC328 or 2N3683

_ A G - G|
i TRANSPONDER  SKEW  SUB-CARRIER L&
TUNING | TUNING B
TUNING VERT _ HORZ NARROW WIDE L
PﬂWEH@ON @ yo! D FARGE & X&) .
a

" e 1% ¥ W % [T W
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ALL DIMENSIONS IN INCHES

FIG. 5—FRONT-PANEL LAYOUT, with dimensions to fit the controls mounted to the PC board.

2—Solder a jumper wire between the
two ground terminals of TS1.

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

4—Solder one four-inch wire to the
PULSE output terminal, another to one
ground terminal, and another to the other
end of R100. Solder a three-inch wire to
the two bottom terminals of J6.

Q8—BC548 or ECG548

D1-D4—1N60

D5—1N752, 5.6-volt zener diode

D6—HP 5082-2800 or 1N6263 Schottky
diode

D7—152075

D8-D11—1N4002

D12—BB119 tuning diode

LED1—standard green LED

LED2, LED3—standard red LED's

Other components

J1, J5—"F" connector

J2, J3, J4—RCA phono jack

Jé—coaxial power input jack

TS1—4-position screw-terminal strip

L1, L5—10 pH

L2—0.33 wH, six turns on a Va-inch form.

L3—100 pH

L4—2.7 pH

S1, S4—SPDT, toggle switch

S2, S3—DPDT, toggle switch

FL1-—BO124 SAW filter

FL2—5-8 MHz block filter (Dick Smith
L-1600)

M1-—200 pA edge-reading meter

RF modulator

T1—18-volt AC power transformer

Note: the following are available from
Dick Smith Electronics, Inc., P.O. Box
8021, Redwood City, CA, 94063: Com-
plete kit of parts including case but no
power transformer, #K-6316, $99.95
plus $4 shipping; SAW filter, #L-1620,
$29.95; Case, #H-2507, $12.95; PC
board, #H-7000, $29.95; 18-volt trans-
former, #M6672, $7.95;BFR91 tran-
sistor, #Z-1691, $1.19; BB119 diode,
#Z-3070, $0.20; MWA120 RF amplifier,
#Z-6095, $12.50; MC10116 ECL IC,
#Z-6000, $0.79; HP5082-2800 Schottky
Diode, #Z-3230, $2.00; 5-8—MHz filter,
#1-1600, $3.95. Other individual parts,
and complete satellite systems, are
also available from Dick Smith. Califor-
nia residents please add 6.5% sales
tax. Orders outside U.S. must include
U.S. funds and add 15% of merchan-
dise total for shipping.

Final assembly

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

I—Insert and solder PC terminal pins
(or short pieces 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 power LED
into its hole.

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

4—Insert and tighten the four mount-
ing screws.
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FIG. 7—FRONT- AND REAR-PANEL COMPONENTS are connected to the PC board as shown here.

5—Connect all wires from the off- pin 8 of IC4 (+12V). The rower LED
board components to the appropriate pins and meter lamp should light up, and so
on the PC board. Doublecheck all con- should either LEDI or LED2, depending

nections. on the position of S2. Flip that switch to
6—Plug the transformer’s output into verify that the opposite LED lights up.

J6, and then plug it into the wall. 8—Turn off the receiver and unplug the
7—Check the output of each regulator transformer.

(IC9-IC11) for the correct voltage. Also, 9—Insert all the ICs into their sockets.

check the voltages at I5 (the + 18V con- Be sure to orient them correctly, and make

nector), at the + 5V terminal strip, and at sure all IC’s are seated properly.

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

11—Set each trimmer to the center of its
range using a small screwdriver. Set the
two trimmer capacitors so that the adjust-
ment slot is parallel to the side walls of the
cabinet.

12—Turn on the receiver and measure
the total current drain. It should be about
400 ma.

13—Measure the voltage at J1. The
voltage should vary as R103, TRANSPON-
DER TUNING, is varied.

Aligning the polarizer

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

1—Connect the polarizer to the appro-
priate terminals on TS1. The red wire usu-
ally connects to 45V, black connects to
ground, and white connects to the pulse
output—but make sure your unit follows
that convention. Center the SKeEw control.

2—Turn 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 S2 to
HORIZONTAL. Adjust R113 so that the pro-
be is 90 degrees from its former position.

Aligning the tuning control

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

1—Measure the voltage at pin | of IC3.
Turn AFC on. Adjust R105 for exactly 3.0
volts DC. Turn 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 1™ label on the front
panel. The voltage should be set to the
lowest voltage specified by the downcon-
verter manufacturer. That is done by ad-
Jjusting R104.

3—Set the TRANSPONDER TUNING
control to Channel 24. Adjust R102 for the
highest voltage needed by the downcon-
verter.

Final check-out

The easiest way to check out and adjust
the receiver is to use it on a system that is
already working. Ideally, a friend or
neighbor will allow you to hook up the
receiver and downconverter for final test-
ing. If that is not possible, then first you
will have to get your dish aimed precisely
at Galaxy 1. Instructions for doing that are
usually given in the assembly instructions
packed with the dish.

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

continued on page 114
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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 temperature, 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 feel 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, a rule of thumb states that
you should be careful when the humidity
drops below about 50% as the temperature
drops below about 70°. You certainly
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 build a mod-
ern, electronic humidity monitor that fea-
tures 5% accuracy for about $50.

MARK C. WORLEY

What is humidity?

Humidity is usually specified as per-
cent Relative Humidity, or RH, for short.
Relative humidity is not a measurement 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 af-
fects it to a lesser degree.

For example, let’s assume that a given
volume of air at 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 were cooled, it might be able to hold
a maximum of only %o an ounce 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 relative humidity gov-
erns our comfort primarily because it af-
fects the efficiency of our natural cooling
system—our sweat glands. If the humidi-
ty is high, sweat can’t evaporate as read-
ily. That’s why a hot, dry day is more
comfortable than a warm, humid day.
Various *‘comfort zone™ charts have been
developed that show which combinations
of temperature and humidity are the most
comfortable.

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

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

When that air reaches the dew point
temperature, it releases some of its excess
moisture onto the surface of the glass. So
in reality 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 dry
climates as they do in humid ones is that
there's very little water in the air to con-
dense on the glass.

Measuring humidity

Temperature is easy to measure using a
simple thermometer, or any of a number
of solid-state devices. Humidity, on the
other hand, is probably the most difficult
environmental condition to measure. The
search for an accurate, dependable means
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of measuring humidity has occupied sci-
entists for centuries. For example,
Leonardo Da Vinci noticed in 1550 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, electro-
optical sensors, resistive sensors, and
variable-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 stretching can be measured,
and that provides an indirect indication of
RH. As you might suspect, the primary
disadvantage of organic sensors is their
tendency to age rapidly, and that 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 it cools until moisture begins to form on
it. The temperature at which moisture is
detected is the dew point, and that 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 to the tens of megohms.
That high resistance, plus the non-linear
response curves of those sensors, makes
them difficult to work with. In 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 $100
or more apiece—and because they can be
difficult to use due to their small variation
in capacitance. However, the sensor
shown in Fig. 1, developed by the N. V.
Philips Company, and sold in this country
by Mepco/Electra (Columbia Road, Mor-
ristown, NJ 07869), is inexpensive and
easy to 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 ca-
pacitance. On each side of the film the

FIG. 1—PHILIPS' HUMIDITY SENSOR provides a
45-pF change in capacitance over the 0-100%
humidity range.

140 /

130 7

CAPACITANCE—pF

120

110

0 50 0o
R.H—PERCENT

FIG. 2—THE SENSOR'S CAPACITANCE and the
relative humidity are related exponentially.

gold functions 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 data
sheet that comes with the sensor.

The curve in Fig. 2 shows how the sen-
sor’s capacitance varies with humidity. By
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extrapolating a little we see that capaci-
tance varies from about 115 pF at 0.0%
RH to about 160 pF at 100% RH. In other
words, there is a change in capacitance of
45 pF over the entire RH range. So, in
order to measure RH, all we need is a
circuit that translates that 45 pF variation
in capacitance to a properly scaled varia-
tion in voltage.

But before we discuss the details of
circuit operation, there are a few other
things you should know that affect the
accuracy obtainable from our humidity
monitor. First, the sensor has a drift of
0.1% per degree Celsius, which translates
to 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.

Circuit operation

If we were simply to 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 offset problem, because 0.0% RH
corresponds to 115 pF, not 0.0 pF. In other
words, we’d have some output even at
0.0% relative humidity. So we use two
oscillators in our circuit, and measure the
difference between their outputs. That al-
lows us to obtain an output of 1.00 volt for
100% RH.

Our circuit is a modified version of one
supplied by Philips. In their circuit, one
4001 CMOS quad-Nor package was used
to build the two oscillators, and the gates
in a second 4001 were connected in paral-
lel to provide extra drive for the rectifier/
filter circuit. We decided to use 7555's for
the oscillators because they're only
slightly more expensive, but much more

TABLE 1—SENSOR SPECIFICATIONS

Value

10-90% RH
122 pF, +15%
1-1000 kHz

0.1% RHI'C

3 minutes
§ minutes

15 volts.

. To90%of final value, @ 25°C, in circulating air



5V
A
R3
R4 & 1{
23 FoK
8l |4
( i
1 c2
7l 12
.o 555
, 6] 5
SENSOR 3
(SEE ( ?
TEXT) i

5V
R7 A8
RS RS B0KS 75K
33K X 1%
AMAY—AM— _OQUTPUT
L ] 01V
e b UNUSED o Ly
L GATE 2
o
01 \ 5
— O+ 5\
78L05
o | _ SOURCE
e = =
Do c4 t5  |opF
1 1 eV
O L 8]
—d

FIG. 3—THE HUMIDITY MONITOR CIRCUIT uses CMOS 555's to keep current drain low.
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FIG. 4—TIMING RELATIONSHIPS of various
points in the humidity monitor’s circuit are
shown here.

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

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

of three CMOS IC’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-
tor/filter circuit that helps linearize the
output.

A CMOS 7555 is used for IC1, a 7-kHz
astable oscillator. A CMOS 7555 is also
used for IC2, a one-shot whose pulse
width is determined by R3 and the capaci-
tance of the sensor. The master oscillator
(IC1) drives 1C3-a, which provides the
trigger pulse that drives IC2. The rela-
tionship of those two signals, and the
others to be discussed below, is shown in
the timing diagram in Fig. 4.

The output of IC2 is inverted by IC3-b
and combined with the master-oscillator
signal by IC3-c, which passes only the
difference between the two signals to the
filter/detector circuit that follows. Trim-
mer potentiometer R2 is provided to null
the circuit out at the low end of the RH
scale. On a dual-trace scope the null con-
dition appears as equal-phase, equal-wid-
th pulses at pins 5 and 6 of 1C3-c. With
inputs of that sort, IC3-c gives no output.

The detector circuit is composed of di-

ode DI, resistors R5-R9, and capacitor
C3. The pulses from IC3-c are rectified
and filtered into a DC voltage that is pro-
portional to relative humidity. Full-scale
meter adjustment is provided by R6, and
R8 and R9 function as a voltage divider
that scales the output to exactly one volt at
100% RH.

Since the sensor’s capacitance is expo-
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 to
C3, which would normally be fed only by
the detector. Also, R8 and R9 discharge
C3 to further increase linearity. The only
drawback to our scheme is that, due to the
voltage-divider effect of R7-R9, the out-

PARTS LIST

All resistors Vi-watt, 5%, metal film (not

carbon composition!) unless other-

wise noted,

R1—6800 ohms

R2—5000 ohms, linear potentiometer, PC
mount

R3—464,000 ohms, 1%, Vs-watt

R4—2200 ohms

R5—3300 ohms

R6—2000 ohms, linear potentiometer, PC
mount

R7—806,000 ohms, 1%, Va-watt

R8—7500 ohms, 1%, Va-watt

R9—10,000 ohms, 1%, Ys-wait

Capacitors

C1—0.01 pF, 10%, mylar or polycarbonate

C2—0.001 uF, 10%, mylar or polycarbo-
nate

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

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

C6—10 pF, 16 volts, electrolytic or tan-
talum, radial leads

Semiconductors

IC1, IC2—7555 CMOS 555 timer

IC3—4001B, CMOS quad dual-input NoR
gate

1C4—78L05, 5-volt, 100-mA voltage reg-
ulator

D1—1N914, 1N4148, or equivalent

Other components -

M1—50 pA, Radio Shack #270-1751

S1—SPST toggle or momentary switch

Sensor—Mepco #2322-691-90003

Sensor socket—Molex part #10-18-2031

Portable case—Radio Shack #270-1751

Outdoor case—Keystone part #677 (set
of #666 & #685)

Note: The following are available from

Mark Worley, 909-B Country Aire,

Round Rock, TX 78664: Screened,

drilled, and plated PC board, $7.00;

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

ibration capacitors (115 pF and 160 pF,

1% mica), $2.00 per set; Kit of IC’s, sen-

sor, sensor socket, PC board, re-

sistors, and capacitors, $40.00 (cal-

ibration capacitors, meter, enclosure,

& hardware not included). Add 10% for

shipping, $3.00 maximum. Most orders

shipped within 1 week, but allow up to

30 days for delivery. Send cash or

check only.
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THE MARK I
HV CIRCUIT SCANNER

* Checks the horiz output circuit for open / shorts,

* Checks the flyback, yoke, PC, and HV mult,

* Checks all scan derived B + sources,

* Checks all circuits that rely on scan derived B + voltage,
* Checks for open safety capacitor,

* Checks the emitter circuit of the horiz output,

THEN,

* Provided the green normal light is lit, the Mark IIl will safely power
up the TV set so that you can “lock" 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 the horiz, flyback, hi-
voltage, scan derived B + sources, yoke, pin cushion, HV multiplier cir-
cuits in any TV set that employs either an NPN transistor or a single
SCR for its horiz output device. This applies to any age, any model, any
chassis, any brand - - - including Sony.

In brief, the 'test" function scans for shorts, the “‘run" function
permits you to observe any “‘open'' circuits via the symptoms that ap-
pear in the CRT screen.

HOOK - UP: Simply remove the set's horiz output device and replace
it with the scanner's interface plug. No wires to disconnect, no other
connections required (not even a ground connection).

MISTAKE PROOF: No damage will result if an error is made during
hook up. The scanner simply won't turn on until the error is corrected.

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

JUST ONE BUTTON !

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

YELLOW SHORT LIGHT means the flyback primary, HV muitiplier,
vertical output, horiz driver, and R-B-G color output stages are not
shorted. Instead, a circuit that normally draws a small amount of cur-
rent is shorted (i.e. the tuner, IF, AGC, video chroma, matrix, vertical or
horiz oscillator).

RED SHORT LIGHT means either the flyback, the HV multiplier, the
vertical output, horiz driver or one of the R-B-G output transistors is
shorted.

GREEN NORMAL LIGHT means the TV set's entire flyback circuit is
totally free of shorts. It also means that it is safe to power up the TV set
with the *'run’’ button so that you can look for open circuits by observ-
ing the symptoms on the CRT screen.

FEATURES: All start up circuits and all horiz drive related shut down
circuits are automatically circumvented by the Mark Il during all test
and run functions. During the test function all flyback secondary output
is limited to approx 80% of normal. 2nd anode voltage is limited to ap-
prox 5 KV

This means all circuits that are not shorted will have some 80% of their
normal B+ voltage during the “test’” phase. It also means that any
shorted circuit will have zero DC volts on it. This feature makes any
short easy to isolate.

The MARK lll sells for only $595°

The money you are now spending for unnecessary
flybacks alone will easily pay for your Mark lll. Why
not order yours today!

Visa and Mastercharge Welcome !

Diehl Engineering ¢ 6661 Canyon Drive “'F'" ® Amarillo, TX 79110
Phone: (806) 359-0329 or (806) 359-1824



HV CIRCUIT ANALYST

Checks the horiz output stage for opens / shorts,

Checks flyback, yoke, PC, and HY mult,

Checks all scan derived B+ sources,

Checks for open safety capacitors

Checks for open ground path for horiz output stage

Checks for open primary LV supply,

Checks for error in interface connections,

Checks for proper LV regulation,

Checks for proper start up circuit operation,

Checks for shorted horiz driver transistor,

Checks the operation of the horiz osc / driver circuits,

Checks B+ ‘‘run’' supply for the horiz osc / driver circuits,
Checks all circuits in the TV set that rely on scan derived B+,
Automatically circumvents all start up circuits and horiz drive
related shut down circuits.

* % % ok ok % % % ¥ * % %

HOOK UP: (Identical to Mark 1)

OPERATION: Turn the Mark V on, turn the TV set on, then, simply look
at the lights.

RED “HOOK UP” LIGHT means that you have made an error in 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 problem then continue.

RED “B + OPEN" LIGHT means that the primary LV supply in the TV
set is open. Correct the problem then continue.

No “‘top row lights'" equals normal.

Look at the middle row of lights

RED “START UP” LIGHT means that the start up circuit in the TV set
is not working (no start up pulse).

GREEN “START UP” LIGHT means the start up circuit in the TV set is
working normally. Yes, it is 100% accurate. Even on Zenith's single
pulse start up circuit !

RED “HORIZ DRIVE” LIGHT with a green start up light means that
the horiz driver transistor in the TV is shorted (E to C).

GREEN HORIZ DRIVE LIGHT means that the horiz oscillator and
driver circuits are operational.

READ THE DC VOLTAGE METER THEN,
PUSH THE TEST BUTTON

If the meter comes up to, or, falls back to, factory specified DC collec-
tor voltage, the LV regulator circuit is working. If it fails to do so, it is not
working!

RED “B+ RUN” LIGHT means that the B+ source that normally
keeps the horiz osc / driver circuits running after the start up B + pulse
has been consumed has become open.

GREEN “B+ RUN" LIGHT means that the B+ resupply voitage
(scan derived) is being provided. All is normal if all three lights are now
green.

The scan circuit short detector in the Mark V is identical in all ways to
that which is used in the Mark Ill. Operation is also identical. Both units
are virtually indestructable when simple directions are followed. Both
units carry a full year's warranty against defects in materials and
workmanship (parts and labor). Either unit can be easily repaired by
almost any technician in his own shop.

If the green “circuits clear” light is now lit

It is now safe to push the "'run’' button and examine the symptoms that
appear on the CRT screen, for the purpose of isolating any “‘open’ cir-
cuits.

Except for hook up and CRT filament warm up time, this test can easily
be completed in two to five seconds!

The Mark V sells for only $995°%

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

Visa and Mastercharge Welcome !

Dienhl Engineering * 6661 Canyon Drive "'F'' o Amarillo, TX 79110
Phone (806) 359-0329, or (806) 359-1824



v
- OBUFFERED
OUTPUT

FIG. 5—AN OP-AMP VOLTAGE FOLLOWER may
be used to buffer the output of the humidity
monitor.
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FiG. 6—METERING CIRCUITS for the humidity
monitor. Use the circuit shown at a with a100-p.A
meter, and the one at b with a 50-p.A meter.

put cannot fall below 60 mV, which corre-
sponds to 6% RH. So, our monitor can
read no lower than 6% RH.

For best accuracy, 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 meter or other low-imped-
ance load. The simple op-amp voltage-
follower circuit shown in Fig. 5 could be
powered by the same (battery) supply that
powers the remainder of the circuit. Or
you could, if desired, substitute a pre-
assembled digital LED- or LCD-meter
module.

Another alternative would be to use a
100-p.A moving-coil meter as an indica-
tor. Since a 100-pA meter with a full-

adds about 4 mA of current 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 eliminated (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 current. A Zener diode would also
have poorer regulation, which could af-
fect accuracy. With no voltage regulator at
all, the pulse height from IC3-c would
vary with battery voltage, so accuracy
would be affected.

For portable or occasional use, a 9-volt
battery is the ideal 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-volts DC. For permanent outdoor
installation, mount the power supply in-
side the house, not out in the weather.

Construction

Our humidity monitor can be used in a
portable mode both indoors and outdoors.
However, for permanent outdoor installa-
tion more 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 IC1’s output frequency and
IC2’s pulse width. You can purchase a PC
board from the source listed in the Parts
List, or you can etch and drill your own
using the foil patterns 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 every 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 that can also affect
circuit operation.

Use only high-quality, low-tem-
perature-coefficient components to limit
the effects of temperature on the circuit’s
accuracy. Capacitors C1 and C2 should be
polystyrene or polycarbonate types. It
might be worthwhile experimenting with
a positive-temperature-coefficient capaci-
tor for Cl to offset some of the sensor’s

>
o

GND +VIN

FIG. 8—YOUR COMPLETED PC BOARD for the
humidity monitor should appear as shown here.
Interconnecting wires attach to the bottom of
the board.

temperature drift, especially if the
monitor will be used outdoors. The re-
sistors should be metal- or carbon-film
types; carbon composition 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 parts-placement diagram in Fig. 7 and
the photo in Fig. 8 to mount and solder 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 to mount your sensor as it is in
our prototype. Also, for proper vertical
clearance 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 carefully, looking for solder
bridges between adjacent pads, pins and
traces. If the board is OK, remove all flux
from it. Be careful to keep any solvent—
particularly acetone—away from the sen-
sor. Use isopropy! alcohol to remove fin-
ger oils, and avoid touching cleaned
surfaces.

Use a pair of clipped-off resistor leads
to extend 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 %4 inch. They
will project through the case and into the
Molex socket after final assembly.

Now let’s turn to mechanical con-
struction. First we'll discuss the portable
unit. Drill a mounting hole in each corner

RADIO-ELECTRONICS
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scale reading of one volt has a resistance c8 4 . GND
of 10K, it could replace R9 in the circuit, J| (LS ies R
as shown in Fig. 6-a. But since a 100-pA s R 1 ] . @
meter is slightly difficult to obtain, we SENSOR i __ps DI
used a 50-p.A meter with the voltage di- c7 TR o Ty
vider shown in Fig. 6-b for our prototype. 62— 03/ &—RT—5
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; T T
Current drain =

The 78L05 low-power voltage regulator FIG. 7—PARTS-PLACEMENT DIAGRAM reveals the compact size of the humidity monitor.



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 tabs. Use an eighth-inch bit (or larger)
for the sensor leads to minimize capaci-
tive coupling to the case, as well as to
eliminate the possibility of a short. Allow
for a little 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 about 2K, so we added an
18K resistor in series with the meter to
give it a total resistance of 20K. Then R9
was changed to a 20K resistor, so that the
combination of R9, the meter, and R10
would be 10K. That combination gives the
meter a full-scale range of one volt.

If you use a 100 A meter, pad its
resistance to 10K, if necessary. Then re-
move R9, and use the meter in place of
that resistor. If you decide to use a digital
meter, you can leave R9 at 10K, since
most digital meters have at least 10
megohms input impedance, and the paral-
lel combination 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 to current humidity conditions,
especially if the monitor is pushed back
on a shelf. However, mounting the sensor
in that 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 ¥-inch piece of thin
steel strapping into a “U” shape with
legs. Holes were drilled through the legs
and through the 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 switch, battery holder, and four
Ya-inch standoffs for the PC board. 1f nec-
essary, carefully remove the face plate of
the meter and use rub-on letters to re-label
the meter’s scale. Assuming you're using
a 50-pA meter, wire the case-mounted
components as shown in Fig. 9. If you're
using a different metering circuit, sub-
stitute the appropriate resistive network.
Loose wires and components can move
around and cause the outputs of IC1 and
IC2 to vary, so mount all components se-
curely, and keep all leads short.

GND o
ooy 0uro S,
BOARD  +Vin©f RI0. " M1
GND O 18K 50pA
N/
gV
OFF e

+

FIG. 9—iF YOU USE A 50-p.A METER with the
humidity monitor, it should be wired 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 careful not to
crack the sensor by over-tightening those
SCIrews.

Building the outdoor monitor

For permanent outdoor 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, avoid placing the
assembly in vegetation, near a sprinkler,
or in any other location that might tend 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 install the monitor outdoors perma-
nently, the circuit will have to be mounted
in a watertight enclosure. We’'ll discuss
how to do that using the Keystone en-
closure specified in the Parts List.

First, trim the PC board to 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 Vs-inch of the wire lies flat
against the copper foil, and then solder the
leads. The Y-inch of contact helps
strengthen the support for the board. Slide
the free ends of the wires into the octal
base of the case. Carefully bend the leads
so that the end of the PC board rests
against the base. Then clip the leads flush
with the end of the plug’s pins, and solder
the wires inside the hollow pins. The octal

— e
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FIG. 10—OUTDOOR INSTALLATION of the hu-
midity monitor requires a watertight case; drill
holes for the sensor as shown here.

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

Refer to Fig. 10 to drill the mounting
holes for the sensor in the top of the case,
and to Fig. 11 to drill the holes in the side
of the case that allow access to trimmer

SENSOR
<— (NOTE ORIENTATION
TO CENTER LINE)

i y

- 10"
NULL—g

175"
-~ 20"
SPAN‘%—T

SIDE VIEW

FIG. 11—TWO HOLES MUST BE DRILLED in the
side of the waterproof case to allow final calibra-
tion.

potentiometers R2 and R6. Those holes
must be located precisely as shown to
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-
insert 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 it [lush
against the PC board. Then solder a scrap
of wire across the socket to hold it in place
firmly; two holes have been provided in
the PC board for that support wire. The
sensor’s leads will have to be extended to a
length of % inch.

To complete assembly, attach the sen-
sor to the case with two sheet metal
screws. A thin rubber gasket placed be-
tween the sensor and the case will provide
additional weatherproofing. Carefully 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 to 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 for both the
portable and the permanent versions of
our humidity monitor. Before powering
up, carefully check the board once more
to make sure that all components have
been installed correctly, and that there are
no solder bridges between traces, etc.
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, M1, if installed, should deflect);
that voltage should rise if you breathe on
the sensor.

If you get no output, re-check your
work, and verify that supply voltage (five
volts) appears at pin 8 of IC1, pin 8 of IC2,
and at pin 14 of IC3. If that voltage 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 until 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 output exactly
matches the curve shown in Fig. 2. Doing
that allows us to substitute 1% silver-mica
capacitors for the sensor. Insert a 115-pF
capacitor into the sensor’s socket and ad-
just R2 for a reading of 6% RH (60 mV).
Then replace 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 that
provides compensation for that shift.

Absolute calibration standards

Finding a 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
borrow one from a science or chemistry
lab at 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
amount it cools 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 Chloride Monohydrate
Magnesium Chioride Hexahydrate
Magnesium Nitrate

Sodium Chloride

Potassium Chioride

Potassium Sulphate

which they’re read, the cleanliness 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-
mometers have an accuracy of only 10%,
or worse.

Saturated 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 container.
That can make circuit adjustment awk-
ward. Anyway, the solution maintains an
equilibrium of humidity within the sealed
container as long as that 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 solutions are poi-
sonous, so handle and store them with
care, and keep them out of the reach of
children and pets. If you use the lithium
chloride solution, don’t allow it to fall
below a temperature of 18°C (64°F), since
the humidity reference of the solution will
be permanently altered. Whichever salt
you use, stir in crystals a little bit at a time
until 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-
tight 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 radio or TV, or
you could call the National 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.

% RH @ 68°F % BRH @ 77°F
11.3 11.2
33.1 328
54.4 52.9
75.5 75:3
85.1 84.3
97.6 97.3

Final thoughts

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

As you know, indoor humidity drops
drastically in the winter. The reason is that
cold, dry outside air is further dried by
most indoor heating systems. (To be more
accurate, hot air can hold more moisture
than cool 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, ventilation, 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
electronic 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
electricity can build up, since the con-
ductive moisture usually present in the air
isn’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 electronic device) could
prove fatal for the machine. Similarly,
you're much more likely to damage
CMOS and other components 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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P t ELECTROMAGNETIC IN-
ar terference (EMI) can
couple into your sensitive equipment in
two ways. One of those is via radiation.
Last time, we saw some of the techniques
that can be used to eliminate that coupling
path.

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

As we saw in Part 1 of this article (see
the November 1985 issue of Radio-Elec-
tronics), there are two forms of conducted
interference. In differential-mode inter-
ference, the interfering signal appears
acioss 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
both conductors, with the reference being
a third point (such as a chassis ground). In
common-mode interference, the interfer-
ing signals on the two conductors may not
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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 amplitude, 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 interconnecting
cabling. Often, however, you have no con-
trol over such cabling (such as in the case
of power or telephone lines). In those
cases, the only alternative is to install a
filter 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 FMI signal is
converted into a 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 blower 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 is interference.

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

Last time, we saw that antennas can 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 voltage source, the “antenna”
must have a relatively low impedance.
One type of low-impedance antenna is a
simple wire loop. In a circuit or a project,
that loop can take many forms. For in-
stance, any loop of wire, such as the
power feed and return to a disk drive, or
the power supply and ground traces on a
PC board can become a surprisingly effi-
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cient radiator. Loops can also be formed
by any signal-carrying conductors such as
the data or clock lines.

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 frequency of the signal carried by the
loop, and the area of the loop. All three
variables play a role in determining how
much energy is output. The current in the
loop determines how much energy is
available to drive the radiator. The area 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 driving signal, the great-
er the efficiency of the radiator. The same
is true of a “‘receiving antenna’—the
larger the area of the loop and the greater
the frequency of the received signal, the
more efficient 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 area of the loop, however, is an en-
tirely different matter.

That leads us to 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 area
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 loop 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 “return” (grounded) leads (H).

S e

"S'
g

SOURCE

i

FIG. 1—THE AMOUNT OF INTERFERENCE that
a circuit can pick up or cause is largely deter-
mined by the physical size of the loop that it
forms.

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 the input of a second gate.
The return line could be a common bus or
the chassis ground of the project. But no
matter 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 return leads as close
together as possible, or both. For in-
stance, by running a dedicated return line
alongside the the signal line, rather than
having the return current flow through the
chassis ground, the loop area is reduced
significantly. With dedicated signal/return
cabling, H is effectively reduced to the
thickness of the insulation surrounding
the two wires. That solution works, and it
is much cheaper than using a shielded
cable.

When dealing with differential-mode
currents, using twisted-wire pairs for the
signal line and the return can further 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—that 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 also 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.).
Further, let’s assume that the common-
mode currents traveling in those lines are
equal. Here, unbalanced means that the
impedances, “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 to, and an
undesired output signal can result.

That is a common problem. In fact IC
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 mutual 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 induc-
tance and parasitic capacitance that exists
between them. That coupling is what causes the
phenomenon known as crosstalk.

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 parallel runs between the
two cables, the greater the coupling. Be-
cause of that, the obvious and most inex-
pensive way to reduce crosstalk is to
physically separate conductors that are
likely to interfere with each other. Move
conductors carrying high voltages (such
as AC power cords) away from ones carry-
ing low voltages (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).

Shielded cable design

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, shielded 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). In 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.e., the
shield is shorter than approximately /20 of
a wavelength). Under that condition,
every point on the shield can be consid-
ered to be at ground potential. At higher
frequencies, however, both ends must be



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 circuit is especially sen-
sitive to pickup of radiation (or when the
circuit could potentially radiate), a return
or ground conductor should be placed be-
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FIG. 3—TO ELIMINATE CROSSTALK problems
in ribbon cable, alternate conductors should be
grounded.
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FIG. 4—A SINGLE CAPACITOR, installed as
shown, can be used to filter out differential-
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 to high capacitance
between signal conductors, resulting in
crosstalk problems. The presence of a
ground or return line between each signal
line will *shield” 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
nor 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.

Filters

Even with good cable design and
layout, sometimes a filter is needed to
reduce conducted EMI. A filter is a circuit
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 to pass
(lowpass filter), only signals above a cut-
off frequency to pass (highpass filter), or
pass or block signals within a given range
or band (bandpass or notch filters, respec-
tively).

A simple filter, consisting of but a sin-

FIG. 5—THIS FILTER NETWORK is effective
against both differential-mode and common-
mode interference.

gle capacitor, is shown in Fig. 4. At high
frequencies, the capacitor looks like a
very low impedance to ground. As a re-
sult, any high-frequency signals are short-
ed to ground. At low frequencies, the
capacitor 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 number of
applications, such as across the terminals
of automotive alternators, electric
motors, and on printed-circuit boards (de-
coupling capacitors).

To use any filter effectively, including
the simple capacitor filter, you need to
know the nature of the EMI you 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 see what kind of inter-
ference it creates. An electric razor is one
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 acts 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 interference,
the capacitor must be installed between
the hot and neutral lines. For common-
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 circuit, T1, is a
common-mode choke. As its name im-
plies, its purpose is to block common-
mode signals. The transformer is built in
such a way that the flux generated by the
common-mode signals in one winding
opposes the flux generated by the com-
mon-mode signals in the other winding.
That results in a high impedance to com-
mon mode signals, but differential-mode

signals are not affected. That deficiency is
taken care of by the series inductors, L1
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 common-mode signals to ground, as
previously discussed.

If your interference problem is not se-
vere, or if the victim circuit is not overly
sensitive to EMI, you can build a circuit
like the one shown in Fig. 6. In that cir-
cuit, or in any filter circuit, keep the ca-
pacitor leads as short as possible. A
capacitor with long leads starts to behave
like an inductor as the frequency goes up.
Also, use a low-impedance ground con-
nection (the “ground” connection of a
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FIG. 6—IF THE EQUIPMENT is not overly sen-
sitive to EMI, or the EMI situation is not severe,
here's a practical circuit that will cure the prob-
lem.

three-wire 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 a 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 effect
caused by doing that is similar to the one
caused by installing a common-mode
choke. That s a quick and easy solution as
it entails no soldering—just unplug the

FIG. 7—PLACING A PIECE OF FERRITE around
a cable is one simple way to eliminate some
types 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 interference is differential
mode.)

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 to reduce the conducted interference
with filters. In those cases, the inter-
ference must be prevented from getting
into the cables by using proper cable de-
sign and shielding. i

Filter installation

The important thing to remember when
installing either a commercial filter or a
home-made one is to isolate the unfiltered
lines from the filtered ones. In carrying
out such installation, keep the following
pointers in mind:

Install the filter at the entrance of the
power cord to the equipment box; do not
allow the AC line cord to penetrate the
equipment enclosure. Keep the ground
leads from the filter as short as possible.
For best results, mount the filter on a 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

Anyone who has ever lost a batch of
data or has seen 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 electronic devices, es-
pecially members of the very sensitive
MOS logic families. The most common
types of transients on the power lines are
as follows: sags (the power line voltage
drops below the normal value for a short
period of time); surges (the line voltage
rises above the normal value for a short
period of time); dropouts (the line voltage
drops to zero for a short 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 those types of distur-
bances, especially the first three, is usu-
ally very short, typically lasting for only a
few cycles (at 60 Hz, the period of a cycle
is approximately 16.7 milliseconds). They
have a variety of causes. Some of those
include lighting, starting and stopping of
heavy machinery, and momentary line
faults (short circuits to ground) in the
power distribution system. Long term dis-
turbances 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 batteries
and sensing circuits that switch the load to
the batteries when the line voltage falls
below a certain value.

There are, however, many ways to pro-
tect your equipment from the effects of
short-term transients. The first step is to
recognize that transients can have two
very different sets of characteristics. That
is, transients can be unidirectional or os-
cillatory. An oscillatory transient has a
fast rise-time and then becomes a decay-
ing sinusoid, oscillating at some frequen-
cy until it damps out. The unidirectional
wave has a very short rise-time and a com-
paratively long fall-time. Once the tran-
sient drops to zero, it shows no
oscillation. Of the two, oscillatory tran-
sients are more commonly encountered.

Transients are capable of doing quite a
bit of damage; impulse and surge voltages
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
electronics equipment. Power-line EMI
filters 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 transient 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
outlet and your equipment. They are gen-
erally satisfactory for most applications,
if they are installed properly and if a good
ground is used.

Itis 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
electrodes that are encased in a non-con-
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FIG. 8—A CROSS-SECTION of a gas tube is
shown in a; its schematic symbol is shown in b.

ductive (usually glass) envelope that con-
tains an inert gas. See Fig. 8-a; the
schematic symbol for the gas tube is
shown in Fig. 8-b. One of the electrodes is
connected to the hot line of the AC power
cord, and the other is either grounded or
connected to the neutral line. Normally,
the presence of a gas tube 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 companies
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
varistor is capable of handling a large in-
crease of current without a large increase
in voltage. Thus, the voltage on the line is
“clamped.” Varistors are inherently bi-
polar devices.

The level of the clamping voltage de-
pends on the type of varistor and the ener-
gy rating of the device. The varistor, if not
properly 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 various
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 circuit-board level.
SAS’s, which are very fast-acting devices,
are essentially large area p-n junctions or
“beefy” diodes. The device's charac-
teristic curve resembles that of a Zener
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FIG. 9—A HYBRID transient-suppressor circuit
allows you to combine the advantages of two or
more types of suppressor devices.

diode, but they can handle much more
energy. Both 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 can 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 in Figure 9.
The isolating impedance is included in the
network to limit the transient current into
the SAS; it also causes the voltage to build
up high enough to trigger the gas tube.

continued on page 114
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THIS MINI-MUSIC SYNTHESIZER 1S NOT 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
outputs that signal as a single note. The
input ‘‘signal’ can be a 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 switch. A vibrato
effect can also be applied via a variable
tremolo control. To add to all of that, two
channels are available to give chorus or
stereo effects. Each of those channels has
a separate volume control.

The signal source is derived from a low-
to medium-impedance microphone. That
microphone can be almost any dynamic
or electret type. The types used with low-
cost cassette recorders will work well.

The synthesizer’s output is connected
to an external amplifier of some type. A
home-stereo system would be suitable;
feed the signal to 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 see 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 project that originally appeared in
Dick Smith's Funways into Electronics, volume
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 generator.

The first stage of the input section is
made up of ICl-a and its associated cir-
cuitry. That stage has a gain of about 100
at 1 kHz. The op-amp circuit used in that
stage is very basic. Note, however the
presence of the capacitor in the feedback
loop. That capacitor causes a roll-off in
gain as the input frequency increases. The
output of the amplifier is AC coupled to
the next stage by C7.

The second stage consists of IC1-b and
its associated circuitry. That stage has a
gain of about 20. Like the previous stage,
the high frequency response is limited by
a capacitor in the feedback loop. That re-
sponse tailoring has been done to reduce
the normally rich harmonic content of the
human voice; the only signal we want to
process is the fundamental note. The har-
monics are low in amplitude and can be
partially rejected by the simple approach
used in that circuit.

The last stage of the input section is the
most significant and needs some explana-
tion. The op-amp there, ICl-c, is config-
ured as a Schmitt trigger with offset. The
hysteresis components are R22 and R21.
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-

age at the inverting input is greater than
the hysteresis voltage at the noninverting
input; resistors R20 and R39 establish that
offset. The purpose of the offset is to as-
sure that the output at pin 8 of ICI is
always low (negative) when no signal is
present. The output will only switch when
the input exceeds the sum of the hysteresis
and offset voltages. The circuit acts as a
gating system to the following phase-
locked loop circuits.

The Schmitt 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 R4l,
is adjusted by turning that control until
reliable response is achieved 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 Schmitt
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 or note, the more reliable the circuit
action. A “‘gravelly”” or “rough” voice
thus will tend to prove unreliable 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 output of ICl-c, the signal is
split and fed to both the right and left
channels. Since the circuitry in the two
channels is identical, we will look at only
one of those: channel 1.
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FIG. 1—SCHEMATIC DIAGRAM of the mini synthesizer. The potentiometers can be either panel-

mounted or PC-mounted.
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FIG. 2—THE LOCATIONS OF ALL PC-board mounted components are shown here. To disconnect the
microphone input stage, cut the trace between the pads marked with an asterisk.

From the Schmitt trigger, the signal is
passed to IC2, 4046 CMOS Phase Lock-
ed Loop (PLL). That IC consists of two
separate circuits. One is a VCO that runs
from subaudio to over | MHz. The other is
a dual-output phase comparator. By
adding just a few external components, 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, 24016 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 disconnected from pin 9, the input to
the VCO. The voltage present on the
lowpass filter capacitor (C5), together
with the RC timing components (C3 and
RS5), will determine the frequency of the
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FIG. 4—THE FINISHED PC-BOAﬁD is shown here. Note the use of PC-mounted trimmers in this

version.

VCO. The voltage across C5 will not dis-
sipate for a long period of time, because of
the very high input impedance at pin 9 of
the 4046, and the low-leakage charac-
teristic of that 0.1-pF polyester capacitor.
That, in turn, means that the output fre-
quency of the VCO 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
(IC2, pin 13) will be connected to the
VCO (IC2, pin 9) via the lowpass filter
(R9, R10, and C5). 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 capacitoris applied
to the base of Q1, which acts as a voltage
follower/buffer. That transistor is half of
the VCA output stage, the other section
being another 4016 analog switch (IC4-
b). The control gate (pin 5) of IC4-b is
connected directly to the output of the
VCO (pin 4 of IC2), or indirectly via the
4013 (a dual D flip-flop), depending on the

PARTS LIST

Resistors

All resistors are Va-watt, 5%, unless other-

wise noted.

R1, R18, R21, R36—1000 chms

R2, R3, R8, R18, R26, R37—4700 ohms

R4, R6, R9-R11, R15, R17, R22, R23,
R27, R28, R33, R34. H39-~100000
ohms

R5, R13, R24—47,000 ohms

R7, R16, R29, R30—1 megohm

R12, R14, R25, R31, R32—10,000 chms

R35, R36—4.7 megohms _

R40, R44—1 megohm, potentiometer, lin-
eartaper

R41, R42, R45—10,000 ohms, potentiom-
eter, audio taper

R43—100,000 ohms, potentiometer, lin-

_ ear taper

‘Capacitors

C1, C7, C11—0.47 uF, 10 volts tantalum

02—100 uF, 16 volts, electrolytic

C3, C10—0.01 1F, ceramic disc

G-t C8—120 pF, ceramic disc

CS5, C12—0.1 1F, polyester

C8, C9, C13, C14—2.2 uF, 16 volts, elec-

trolyhc
C15—470 wF, 16 volts, electrolytic
Semiconductors
IC1—LM324 quad op-amp
IC2, IC3—4046 CMOS PLL
IC4—4016 quad analog switch
IC5—4013 dual D flip-flop
Q1, Q2—ECG123AP NPN transistor
D1-D4—1 N4148 silicon diodes
Other Com
S1, S2—DP3T miniature slide switch
$3-S5—DPDT miniature slide switch
Ji—miniature phone jack

Miscellaneous: PC board, case, knobs,
battery snap, wire, etc

A kit of parts (cmlog Number K-2669)
is available from Dick Smith Elec-
tronics, PO Box 8021, Redwood City,
CA 94063. The kit includes the PC
board, but not the case, the battery or
the jacks. The price is $19.95.

setting of S1. 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 disappears, pin 1
of the 4046 returns low. As described pre-
viously, the VCO remains running at a
frequency determined by the voltage on
capacitor C5. The voltage 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 to its maximum value (1
megohm) the discharge time will be long
(decay will occur slowly). As the dis-
charge is taking place, the continuous
output from the VCO switches the analog
gate ICI-b on and off to *'sink™ the decay-
ing voltage on the emitter of QI via the
load resistor (R18) at the VCO rate.

J 9861 AHVNHEIS



RADIO-ELECTRONICS

-~
=]

The frequency of the note 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
halved or doubled depending on where it
is coupled into the circuit. With the oc-
tave-select switch (S1) in the center posi-
tion (r), the output frequency will be
identical to to input. When the F/2 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). 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 LM324 quad op-amp. The fourth sec-
tion (IC1-d) is used as a tremolo gener-
ator. The op-amp is configured as an asta-
ble multivibrator to give a squarewave
output. Potentiometer R43 is included to
adjust the frequency (tremolo rate). The
squarewave is then smoothed somewhat to
give a more natural tremolo effect to the
output note. That waveform is then ap-
plied to the VCO (at pin 12, IC2) via a
selector switch and a 4.7 megohm re-
sistor.

ONCE COMPLETED, the circuit should be in-
stalled in a case.

Optional inputs

The VCA of either channel can be trig-
gered from an external source. A positive
pulse input via D2 to the VCA will charge
C6. If that input is held high, the output
from the VCA will also remain high. If
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 rhythm gen-
erators, etc., to create different effects.
The frequency of the VCO 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 between the pads marked with
an asterisk in Fig. 2. The input is applied
via DI. That input should be a square-
wave. The peak-to-peak voltage of the in-
put should not greater than the circuit’s
supply voltage, and should not be less
than 75% of the supply voltage. If the
input 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
meets the requirements of the 4046). For
example, the output from a simple mono-
phonic organ can be used to create more
interesting tones and sound effects. The
decay control could be used to vary the
note shape, and the octave switch can
change the note frequency.

To reconnect the PLL to 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
capacitors. 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, potentiometers, and
other off-board components. Note that the
board has been designed to accept PC-
mount potentiometers, but you can use
panel-mount potentiometers and connect
them to the board with wire.

To test the system you will need to use
an audio amplifier of some type. Feed the
output of the synthesizer to the amp, plug
in the microphone and battery, and turn
the unit on. Whistle a few times close to,
but not directly into the microphone. Turn
up the MICROPHONE INPUT LEVEL SET
control until some response is heard from
the outputs. Set the voLUME controls of
both channels to an appropriate level.
Vary the pitch (frequency) of your whis-
tle; the output should vary in kind.

Next, try varying the DEcAy 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 will take a
little longer to lock. Now try changing the
setting of the ocTAVE SELECT switches.
Also try out the TREMOLO RATE control; be
sure that 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 to
find the cause of the problem.

THE UPPER TRACE is a 3-kHz input signal from
a signal generator. The bottom one is the output
that resuits.

(Photo courtesy of Tektronix)

Operation

Connect the microphone and switch the
unit on. Now slowly whistle a tune a short
distance from the mouthpiece. Do not
blow directly into the microphone. Best
results 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 areliable response from the unit every
time a note 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 pEcay controls so
that the generated sound varies from a
short staccato to a long, slowly-decreas-
ing tone.

Note 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 state. To avoid that,
you must keep 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 one half of the input, or twice the
input. By adding tremolo to one or both
channels, interesting tonal effects can 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 striking different shaped objects
next to the microphone, the system will
tend to pick up the fundamental resonance
of the object and produce an equivalent
note.

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 one 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



Compact Disc Players

Repairing

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 t 4 LAST TIME, WE BEGAN
a r to look at how to adjust
CD players. The first adjustment we talk-
ed about was the laser output adjustment.
Unfortunately, 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
across 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
ohms, the voltage should be between 0.88
and 1.54. That check can be done before

you adjust the laser diode, and must be
done 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 EFM (Eight-to-Fourteen Modulation)
signal of correct amplitude, as we discuss
next. Before you make the adjustment, set
R629 to minimum, and then increase the
setting as required. Also, note that the
chuck or cau switch (S3) must be in the
closed (tray in) position before power is
applied to Q601 and the laser. (That elimi-
nates the need for separate interlocks.) Of
course, you will probably find it neces-
sary to override that interlock (close S3

manually) during adjustment 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-b.
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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FIG. 21—WHEN THE slide-motor offset adjustment has been completed, be sure to remove the

temporary ground.

Slide-motor offset

The slide-motor offset adjustment sets
the point where the pickup accesses the
beginning of the disc (the disc directory).
If the adjustment is not correct, the pro-
gram information 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 voltmeter as shown
in Fig. 21. That allows you to monitor the

motor gain output from ICI01.

Next, load a disc in the player and select
the pLaY mode. While the disc is playing,
ground IC301, pin 11 as shown in Fig. 21
to simulate a low Tsw signal. (If the Tsw
line is high, IC301 shuts the system
down.) Finally, set the player to stop.
After about 10 seconds, measure the DC
level at TP15 and adjust R107 so that the
reading is OV (=50 mV). Adjust R107 in
small increments and wait for the voltage
level to stabilize before proceeding.

Tracking-servo offset

Figure 22 is the tracking-servo offset
adjustment diagram. Here, we are adjust-

ing the optical pickup (through the servo
and tracking actuator coil) so that the laser
beam is properly centered on the tracks,
producing maximum EFM. The EFm 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/signal diodes.
As before, begin by loading a disc in
the player and selecting the pLAY mode.
Then adjust R603 until the EFMm is of max-
imum amplitude. That indicates that the
laser is properly centered on the tracks.
On some players, the display may become
erratic and the audio will mute after that
adjustment is made. If so, set the player to
stop and then go back to prLay. 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 coil) so that the laser beam is
properly focused on the tracks. Connect
an oscilloscope to TP13 (see Fig. 23) and
adjust for the maximum grm signal. Note
that R116 sets the offset of the four focus/
signal diodes, but not the two remaining
tracking diodes.

The first step is to load a disc in the
player and select the LAY mode. The EFm
waveform should appear on a scope con-
nected to TP13.

Next, adjust R116 for the maximum
EFM signal (that indicates that the optical
pickup is focused on the tracks). Again, if
the display becomes erratic after this ad-
justment, stop and restart the player.

Disc motor Hall gain balance

The adjustment diagram is shown in
Fig 24. In that set up, one channel of a
dual-channel scope is connected to TP18,
while the other is connected to TP17. That
allows you to simultaneously monitor the
drive signals to both coils (A and B) of the
disc motor (from the motor drive, IC201).

Start by loading a disc in the player and
selecting the LAY mode. Adjust R201 so
that the output levels at TP18 (pmca) and
TP17 (pmce) are equal. Usually, pmca
and pmce are about 2 volts (p-p).

Sample-and-hold offset 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 to be confused
with the 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 must create a
simulated defect on a disc. The disc is
then played and R103 adjusted for mini-
mum audio 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.
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FIQ. 24—ADJUST R201 so that the levels of the
drive signals to the two colls are equal (about 2-

volts p-p).

You can make this adjustment by ear.
The simulated defect produces a chatter-
ing or ticking in the audio. 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-
rate. Incidently, 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
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FIG. 25—HERE, you are adjusting the sample-
and-hold circuits contained within IC101, not the
audio sample-and-hold circuits.

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 bottom of the EFm display. If you get
considerable dropout at all R103 settings,
IC101 may be defective.

Troubleshooting 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 to 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-

bleshooting-tree found in the service
manual for a typical CD player. After se-
lecting the symptom that matches that of
the player you are servicing, follow the
steps in the corresponding troubleshoot-
ing procedures.

Preliminary checks

It is always a good idea to make a few
preliminary checks before you tear into
the player. Here are some examples.

The transit or shipping screw must be
removed or loosened before the player can
operate normally. Be sure that that has
been done.

Cleaning the objective lens should be a
routine part of servicing. A dirty objective
lens can cause a variety of symptoms (in-
termittent or poor focus, skipping across
the disc, erratic play, and excessive drop-
outs, to name a few). Also, those same
symptoms can be caused by a defective
disc. Try a known good disc before start-
ing service.

Do not replace the pickup assembly, or
make any adjustments 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 too loose.

It is 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 contacts with a pencil eraser, as
necessary). Finally, you should check the
various power supply voltages if entire
sections (or functions) appear to 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. (If you can not do
that, you should not even attempt to ser-
vice a CD player yourself!)

Now, let’s go on to the symptoms, and
their cures!

1. Tray does not open or close prop-
erly. Figure 26 is the troubleshooting di-
agram. If the tray will not open or close,
first check that the system micro-
processor, IC301, is getting signals from
the front-panel oPEN/CLOSE switch, S318.
If not, suspect S318 and/or the wiring
between S318 and IC301. Next, check
that the loading motor receives a signal
from pin 12 of IC102 when S318 is
pressed. If so, suspect the motor; if not,
you have a problem between IC301 and
the motor (through IC102).

Next check for signals at pins 10 and 11
of IC102 each time S318 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
(opEN) and 34 (crosg) of IC301. If ab-
sent, or if the signal does not invert when
S318 is pressed, suspect IC301.

If the tray opens, but not fully, check
the point were S02 (LipO) actuates, as
indicated by a low-to-high change at pin
48 of IC301. If necessary, adjust SO2.
First check for any condition that might
prevent the tray from opening fully.

If the tray opens fully, but the loading
motor does not stop, the problem is almost
always an improperly adjusted S02, al-
though IC301 could be at fault.

If the tray closes, but not fully, and the
clamp or chuck does not hold the disc in
place on the turntable, check the point
were the cHu switch, S03, actuates, as
indicated by a high-to-low change at pin
47 of 1C301. If necessary, adjust SO3.
First check for mechanical problems.

1c3n 5318
SYSTEM OPEN/CLOSE
MICROPROCESSOR o
120:: == Strpei
open}3311] 12 mggms
{ —
cLosgf3410f 10102 [ ToR
Lino
02
-
Linof*8 o
+5V
CHU
S03
R
cHufeL o
-5V

FIG. 26—IF THE TRAY does not open or close
properly, use this diagram to help pinpoint the
cause.

If the tray closes, and the clamp or
chuck goes fully down, but the loading
motor does not stop, the problem is likely
an improperly adjusted S03, but the prob-
lem could be IC301. Look for a high-to-
low change at pin 47 of IC301, which
should occur when the tray is fully in, and
the clamp 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 EFm 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 cir-
cuits. Any of those conditions can cause
improper tracking which, in turn, can pro-
duce an even weaker EFM.

So, if you have symptoms with no ap-
parent cause, such as improper tracking
that can not be corrected by adjustment,
excessive audio dropout with a known
good disc, etc., suspect the laser circuits.

If the laser diode appears to be in-

— CHU
4 o S03
+5V
1C301 1
SYSTEM P14 D601 1C604 o R623 LASER
MICROPROCESSOR Q601
RE30
MONITOR
51 | LASW i) ek
ey Ll
S R629 L
lLASER OUTPUT ADJUST =
FIG. 27—LASER CIRCUIT PROBLEMS can cause a variety of malfunctions.
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FIG. 28—IF THE PICKUP does not move to the inner limit when power is first applied, this troubleshoot-

ing diagram can help pin down the cause.

operative, check if Q601 is getting +5
volts through S03 (cHu). If not, suspect
S03 (or the adjustment of SO3). When S03
is in the open position, +35 volts is ap-
plied to pin 47 of IC301 to show that the
tray is open and/or the clamp is not fully
down. That disables a number of IC301
system control functions including Lasw,
When the clamp is fully down, S03 moves
to the closed position, and the laser diode
receives power through Q601.

If power is applied to the laser diode,
look for an Lasw signal (indicated by a
low) at pin 51 of IC301 (TP14). If that
signal is absent (pin 51 of IC304 is high),
suspect IC301. If present, check for a sig-
nal at IC604 from the monitor diode. If
abnormal, suspect the monitor diode and/
or R629.

If signals are present at both pins 5 and
6 of IC604, look for drive signal at pin 7 of
IC604, and the base of Q601. If absent,
suspect IC604. If present, 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, a reset signal
is generated by the circuit made up of
Q103, Q104, Q301; it is applied to pin 24
of IC301. That produces a temporary SLR
signal at pin 60 of IC301, which is applied
to the motor through ICI101, IC604, and
IC102. That signal causes the pickup to
move inward until the inner-limit LMsw
switch, S0I, is actuated.

If the pickup appears to move to the
inner 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 motor servo circuits.

If the pickup does not move when
power is first applied (you may not be able
to see the pickup, but you should hear the
motor) check for sLr at pin 60 of IC301. If
absent, suspect IC301, or Q301 and the
reset circuit. If you get sLr, but the motor
does not run, suspect IC101, 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 SO1 actuates,
as indicated by a high-to-low change at
pin 46 of IC301. If necessary, adjust SOI.
Before adjusting SO1, check adjustment
of the pickup servo offset. If the offset can
be adjusted so that the pickup accesses the
disc properly, SOl is probably adjusted
correctly. Generally, SOI 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 IC301 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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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 efficiently and
reliably—especially one that requires an
interface between digital IC’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
to take an extra measure of pride in those
projects.

The interface problem

Interfacing digital IC’s of one particular
family (TTL, CMOS, etc.) to one another
is such a standard procedure that consid-
eration of logic alone—apart from any
consideration of circuitry—is often suffi-
cient to complete a design. The only elec-
tronic design involved comes in calculat-
ing the value of the pull-up resistors that
are necessary to keep logic inputs in a
well-defined state.

Problems arise when a digital IC must
control a device that is incompatible with
the voltage or current ratings of that IC.
One way to solve that problem is to use a

discrete transistor or two to link the IC to
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 technique works. Our lamp lights, or
our buzzer buzzes, or our relay energizes,
so we're satisfied.

However, by “designing” in such a
manner, we'd be lucky if our interface
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 battery-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-
crete transistor switches.

What we must do, then, is spend a little
time designing (really designing, that is),
and then 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-
nents, and a multimeter are all you need to
design, test, and optimize the circuits pre-
sented below.

Transistor basics

Before we get into the details of switch-
ing-circuit design, let’s review fundamen-
tal transistor operation. The base of a
transistor is used to control the current
flowing through its emitter and collector.
If we block current flow to the transistor’s
base, collector current will cease. When
that happens, we say the device is in cut-
off.

On the other hand, as we supply more
and more current to the base of a tran-
sistor, its collector current increases at a
corresponding rate. Eventually we reach a
point where additional base current
causes no corresponding increase in col-
lector current. At that point we say that the
transistor is in saturation. Between cutoff
and saturation is the linear operating re-
gion.

Circuits using transistors as small-sig-
nal amplifiers often try to avoid operating
in either cutoff or saturation, although
some designs do utilize one or the other
extreme (Class-C RF amplifiers, for ex-
ample). By contrast, transistors used as
switches attempt to avoid operating in the
linear region. We try 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 to be instantaneous. Overdriving a
transistor—that is, forcing it “hard” into
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saturation—can adversely affect switch-
ing speed by increasing junction capaci-
tance, so we must be careful not to apply
too much base current to a switching tran-
sistor.

Calculating just the right amount of
base current comprises the bulk of the
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 Fig. l-a,
resistor Ry is wired in series with tran-
sistor QI’s base. As shown in the upper
trace of Fig. I-b, when an appropriate
voltage (V) is applied to Ry, QI will
turn on. At that point, as shown in the
middle trace, collector current becomes
appreciable, and collector voltage drops
to (almost) zero, as shown in the bottom
trace.

FIG. 1—THE VALUE OF THE BASE RESISTOR |
this switching circuit depends on the value of I
and the gain of the transistor.

We can use Ohm’s law to calculate the
value of the base resistor: Ry=Vp/lg.
Assuming we're working with a standard
logic family, we’ll know Vy: the output
voltage of the IC driving our switch. For
example, standard TTL IC’s have an out-
put of about 2.4 volts DC. In order to
calculate the value of I;, we need to know
the amount of current (I) our load (R;)
requires. We can determine that current
easily using standard data books, or by
“guesstimate,” if necessary, and refine
our calculated value on the breadboard
later. Catalogues often give the current
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 current gain, fgg, of

TABLE 1—COMMON SWITCHING TRANSISTORS

Number Type
2N2219 NPN
2N2222 NPN
2N2907 PNP
2N3638 PNP
2N3702 PNP
2N3704 NPN
2N3904 NPN
2N3306 PNP
2N4400 NPN
2N4402 PNP
2N5400 PNP

the transistor we'll be using; A may usu-
ally be obtained from a data book. The
gain of commonly-available transistors
may range anywhere from twenty to two
hundred. If you don’t know the gain of the
transistor you'll be using, or if you use
surplus or unmarked transistors, assume
that hg. 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 to get started,
and we can optimize resistor values on the
breadboard. And since gain ratings are
often listed as “typical™ or “minimum,”
we’ll probably have to experiment a little
anyway.

As long as we've got the data book
open, let’s check one other rating to en-
sure that the transistor we’re using will be
able to do the job. The maximum collec-
tor-to-emitter voltage (Vgq) of the tran-
sistor is important, because, when it is in
cutoff (that is, when no current is flowing
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 able to withstand at
least twice the maximum voltage that will
appear across it. In most CMOS and op-
amp circuits, the maximum supply volt-
age will be fifteen volts. It's easy to find
thirty-volt transistors, and they’ll handle
five-volt TTL devices with ease.

Assuming the transistor meets our
load’s voltage and current requirements,
we can use hg to calculate the base cur-
rent that we need to turn the transistor on.
As you recall, base and collector currents
are related by hpp: Iy =1-/hg:. We then
plug I into our previous equation and
calculate Ry. To account for variations
among transistors, add about twenty per-
cent to the base current before calculating
the value of the base resistor. (Or simply
increase the calculated value of Ry by
twenty percent.) Now we're just about
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 to ensure that we don’t force that IC

Vemax) lemax) Hee @ lc
40 500 30 (500)
40 500 30 (500)
60 500 35 (500)
25 500 20 (300)
40 500 60 (300)
30 100 100 (50)
40 100 30 (100)
40 100 30 (100)
40 100 20 (500)
40 500 20 (500)

130 100 40 (50)

to operate unreliably. TTL IC’s (and some
special 1C’s like the ubiquitous 555) can
usually supply all the current necessary.
Regular TTL IC’s can supply sixteen mA;
low-power TTL IC’s can supply twenty
mA; and low-power Schottky IC’s can
supply eight 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 IC’s and op-
amps are voltage-operated devices; they
are able to supply very little current. The
amount of current CMOS devices can de-
liver varies with supply voltage; it ranges
from about one mA at five volts, to four
mA at ten volts. Likewise, op-amps can
supply only a milliamp or two. If more
current is required, a somewhat more
complicated circuit must be used. But
more on that in a minute. For now, let’s
take a look at some real-world transistors
and their ratings.

Transistor 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 at specific collector cur-
rents. Manufacturers’ data 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 current 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. 1 is useful
when you need to control a device with
modest voltage and current requirements,
when the driving circuit can supply
enough current to reliably turn the switch-
ing device on and off, and when you are
working with a positive supply voltage. 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-
stitute an appropriate PNP transistor for
Ql.

In that case, the base-voltage trace in
Fig. 1-b would be inverted. For example,



Vg would normally be “high™ (zero
volts); to turn on the transistor (and there-
by the load), a negative voltage would be
applied to the base. The collector-voltage
‘trace would normally be low: it would go
high when the transistor were turned on.
The collector-current diagram would not
change, as it indicates the magnitude, not
the direction of current flow.

For most of the remainder of this article
we will discuss circuits with positive sup-
ply voltages, so, if you are designing with
a negative supply, just substitute tran-
sistors of the opposite type for those
shown.

FIG. 2—THIS INVERTED-POLARITY switching
circuit applies current to the load when V,, is
low. But see the text for precautions on use of
this circuit.

Polarity inversion

Sometimes 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 that. As the traces
in Fig. 2-b reveal, when the base voltage
goes high, collector current ceases, and
collector voltage drops to 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
volt difference necessary to place the tran-
sistor in cut-off. Only a breadboard test
will tell for sure.

Two-transistor switches

Sometimes a single transistor switch
just won’t meet our design requirements.
For example, suppose that the current re-
quired by the load exceeds the current that
our single-transistor switch can supply.
Or perhaps we need to switch a high volt-
age—or even one of the opposite polarity.

switch heavier loads than the previous circuits.

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 controller. A high at V,, turns QI
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 Q1 turns 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 collector 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 determine
Q2’s required base current using the gain
equation listed above. In our one-tran-
sistor circuits, that current was supplied
by the driving device; now it is supplied
by QI. The base resistor for Q2 is really
the series combination of Ri and Rg,.
However, in applications where QI only
supplies current to Q2, Ry, may be omit-
ted. The driving voltage, Vg, is the supply
voltage feeding R..

Note that R determines the current
that flows through QI when it is on, and
that is one place where many designers

FIG. 3—THIS TWO-TRANSISTOR CIRCUIT cal'l

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-
ply high current or voltage), even less will
suffice. The same formula may be used to
calculate QI’s base current; using Ohm’s
law we can calculate the value of Rpg;.
Even with an additional twenty-percent of
base current, our driving IC does not have
to supply very much current.

FIG. 4—THIS TWO-TRANSISTOR CIRCUIT can
control heavy loads, but, like the circuit shown
in Fig. 2, several precautions must be observed.

The circuit shown in Fig. 4-a is an ex-
tension of the one shown in Fig. 2, and itis
subject to the same caution. In order for
QI to be cut off completely, the driving
voltage must closely approach the supply
voltage. However, the lighter load on the
driving device provided by the revised cir-
cuit may make that possible. As illus-
trated in Fig. 4-b, when V,y, goes high, Q1
is cut off, so no current flows through its
collector. The base of Q2 now goes low, so
Q2 turns on. It’s collector voltage goes
high, and collector 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
input—no inversion. The traces in Fig.
5-b illustrate circuit operation. When Vi
goes high, QI turns on. Its collector goes
low as current flows through the device.
That drops Q2’s base to ground, so that

986} AHVNHE34
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FIG. 5—POSSIBLY THE BEST all-round two-
transistor switching circuit, this design does
not invert the control signal.

o
FIG. 6—NEGATIVE VOLTAGES may be switched

by this circuit, which is driven from a positive
supply.

transistor now turns on. Its collector goes
high, and current flows through Q2 and
the load.

The two-transistor circuits 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
to control 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 simultaneously, and you're
ready to go. That configuration is com-

monly referred to 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-
transmitter lines to providing negative re-
trace voltages for oscilloscopes. The cir-
cuit functions as follows.

When Q1 is off, its collector is high,
and so, therefore, is Q2’s base, so Q2 is
cut off. To turn on Q2, its base must g0 0.7
volts more negative than its emitter. Di-
odes D1 and D2 clamp the emitter at about
+ 1.4 volts, so the base must fall below at
least 0.7 volts in order for Q2 to turn on.
That provides some insurance against ac-
cidental turn-on due to leakage through
Ql. In a real-life version of that circuit,
R¢; would actually be part of the trans-
mitter keying line. For heavier loads, an
additional transistor could be used.

FIG. 7—A DARLINGTON TRANSISTOR may be
used to obtain high gain in a single package.

Another way to switch moderate loads
is with a 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—like CMOS IC’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. 1.

There are many variations on the cir-
cuits presented above that are used in spe-
cial applications. But the heritage of most
such circuits can be traced to 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 learn how to test and
refine discrete transistor switching cir-
cuits.

Practical considerations
What we’ll do now is give step-by-step
instructions on how to test and optimize

FIG. 8—SWITCHING CIRCUIT OPTIMIZATION is
simple with this set-up. The value of the driving
voltage is set with R1, and Q1i's optimal base
current is found by varying R3.

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 Sl
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 voltage divider composed of Rl
and R2 gives you a convenient means of
simulating the voltage that will actually
drive the circuit. The two terminals in
Ql’s collector circuit (connected by a
dashed line in our figure) indicate that
you'll need to provide some way of insert-
ing an ammeter. The component desig-
nated R; may be the actual device that will
be switched, or a resistor 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 to 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 S1 with R1. Now follow these steps:

1. With all components hooked up, and
with + V. applied, gradually increase
the value of R3 until the collector current
(Ic) 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. If the transistor appears to
switch reliably, measure and record the
value of R3.

3. If the driving voltage may vary, per-
form steps one and two twice: once with
Vy set for the upper, and once for the
lower, limit of the anticipated driving volt-
age. When using the R1-R2 voltage divid-
er, recheck the voltage as you approach
the switching point, since it may vary a bit
as I changes.



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 Ve

FIG. 9—OPTIMIZING A 2-TRANSISTOR switch-
ing circuit is simple with this circuit. The base
current of Q1 is set by Rg,; the dashed jumpers
indicate important points for current measure-
ments.

=V
a

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-transistor optimization

Optimizing the two-transistor switch-
ing circuit shown in Fig. 9 is only a little
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
see 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 =V /Ip,.
Note that R3 can be zero, but, in any
event, make the value of R2 at least three

Q1,02
BOTH ON

Q1 OFF

Q20N

b

FIG. 10—SWITCHING-SEQUENCE PROBLEMS occur with this motor direction-reversing circuit. As
shown at b, Q1 and Q2 could both be on at the same time, and that could result in destruction of both

transistors.
Voo
R3
RS
L a2z
R1
R2

—Vee

a

b

FIG. 11—SWITCHING-SEQUENCE PROBLEMS ARE SOLVED with this motor direction-reversing cir-
cuit. Here, Q2 and Q4 could never be on at the same time (barring circuit failure, that is).

Voo
R1
Viy )(11

Yoi
q

AD2 "Lt
4

=

Vin

RF
OUTPUT

FIG. 12—A FEW SAFEGUARDS MUST BE OB-
SERVED when switching loads that are not
purely resistive.

times that of R3 in order to minimize the
current flowing through Q1.

3. Now you can calculate I, as V/
R2. Iy, is Ic/hgg (of Q). Therefore,
R1=Vg /Ig,. If the value of R1 is very
high (greater than 50K), lower the value of
R2 to a value that permits a collector cur-
rent through Q1 of at 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 I, (with Q2
on), I, and I,. If any current is exces-
sive, recalculate resistor values, begin-
ning with R3. If either transistor 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 QI 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 can trust. Be sure to
record all resistor and current values.
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PC SERVICE

One of the most difficult tasks in build-
ing any construction project featured in
Radio-Electronics is making the PC
board using just the foil pattern provided
with the article. Well, we're doing some-
thing about it.

We've moved all the foil patterns to this
new section where they're printed by
themselves, full sized, with nothing on the
back side of the page. What that means
for you is that the printed page can be
used directly to produce PC boards!

Note: The patterns provided can be
used directly only for direct positive pho-
toresist methods.

In order to produce a board directly from
the magazine page, remove the page and
carefully inspect it under a strong light
and/or on a light table. Look for breaks in
the traces, bridges between traces, and in
general, all the kinds of things you look for

inthe final etched board. You can clean up
the published artwork the same way you
clean up you own artwork. Drafting tape
and graphic aids can fix incomplete traces
and doughnuts, and you can use a hobby
knife to get rid of bridges and dirt.

An optional step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oil and carefully wipe it
across the back of the artwork. That helps
make the paper transluscent. 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 a paper towel will help
speed up the process—place the pattern
front side down on the sensitized copper
blank, and make the exposure. You'll
probably have to use a longer exposure
time than you are probably used to.

We can't tell you exactly how long an
exposure time you will need but, as a start-
ing point, figure that there's a 50 percent
increase in exposure time over litho-
graphic film. But you'll have to experiment
to find the best method to use with your
chemicals. And once you find it, stick with
it. Don't forget the "three C's" of making
PC boards—care, cleanliness, and con-
sistency.

Finally, we would like to hear how you
make out using our method. Write and tell
us of your successes, and failures, and
what techniques work best for you. Ad-
dress your letters to:

Radio-Electronics
‘Department PCB
200 Park Avenue South
New York, NY 10003

TRANSISTOR SWITCHES

continued 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=10K,
R3=1K. In my final design I used these
values: R1=10K, R2=33K, R3=10K.
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
belt, there is one more topic to consider:
switching sequence of bipolar-output cir-
cuits, such as the motor direction-revers-
ing circuit shown in Fig. 10-a. With that
type of circuit we must ensure that both Q1
and Q2 are never turned on simulta-
neously. If they were, the + V- and
— Ve supplies would essentially be
shorted together through the small “on™
resistance provided by the transistors. The
resulting current flow would in all like-
lihood destroy those transistors.

If the unconnected ends of R1 and R2 in
Fig. 10-a were connected to the output of
an op-amp, we might think that a positive
output from the op-amp would turn on
Q2, and drive the motor in one direction,
and that a negative output would turn on
Ql, and drive the motor in the opposite
direction. In theory that’s correct, but as

the sequencing diagram in Fig. 10-b
shows, there is an overlapping time when
both transistors are on.

To understand how that could happen,
assume the voltage from the op-amp starts
off at — V. Atthat point, Q1 is on, 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
+Vee—0.7 volt. At that point Q1 will
turn off; and it will not turn back on until
the input voltage again falls below
+Vec—0.7 volt. Therefore, both tran-
sistors will remain on until the input again
falls below the 0.7 volt threshold needed
to 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 turns off, then Q4 turns
off as its base is pulled to — V. As the
input voltage continues to rise, QI turns
on, and that drops Q2’s base to ground, so
Q2 turns on. Following through the se-
quence, we see that 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
circuits, 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-
lap, and it is doubtful that the switching
transistors’ internal delays would suffi-
ciently compensate for that overlap. In

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 little attention beyond 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 the 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-limiting
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 IC (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 but also to the
better life? 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
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
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COLLEGE DEGREE

in your

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.
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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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FIG. 1

most invariably draws more power
than the newer CMOS types. For
example, an NMOS Z80 can draw
as much as 150 mA of current at five
volts. Most microprocessors (8080,
780, 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, before you
know it, your computer’s brain
could easily 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 CMOS mi-
croprocessors for portable com-
puters. Not all microprocessors
are available in CMOS yet, but the
780, 6809, 8085A, 6502 and 8086/8
types are, and Motorola’s 68000
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



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 to build 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.
Illsend you a reprint of an applica-
tions note that discusses the sub-
ject in depth.

Ins and outs

Robot I/0O (Input/Output) is, by
far, the most involved decision.
Depending on the sensors and
motors in your system, I/O circuits
can become quite complex. It will
simplify matters if you use stan-
dard 1/0O 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 RS-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 unit will 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 memory, standard 110

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 socket that is provided. If you
have an exotic I/O in mind, the
entire system bus is 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. Ill
have several interesting surprises
then for those who choose to use
that “mystery” computer for robot
development. R-E
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MICRO-PROFESSOR 1P

Students, engineers or technicians—
upgrade your micro-processing skills
with the new Micro-Professor 1P.

The MPE-1P features:

® extensive software support

® more built-in memory

® improved keyboard

® larger display
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The U.S. Labor Department, in
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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 idea
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, for example, 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
1920'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 whole circuit
isn’t much larger than your
thumb.

HORIZONTAL

HERB FRIEDMAN
COMMUNICATIONS EDITOR
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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 decrease as the an-
tenna is adjusted. At 90-degree ro-
tation, you'd lose the signal, or it
would be so weakened as to be

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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...pacesetter in Amateur radio

All-mode receiver.

e Covers 150 kHz—30 MHz in 30 bands.

® All mode: USB, LSE, CW, AM, FM.

¢ Digital VFO's. 50-Hz, 500-Hz or 5-kHz
steps. FE LOCK switch.

® Ten memories store frequency, band, and
mode data. Each memory may be tuned
as a VFO.

e |ithium batt. memory back-up.

* Memory scan,

* Programmable band scan.

e Fuorescent tube digital display of
frequency (100 Hz resolution) or time,

® Dual 24-hour quartz clocks, with timer.

® Three built-in IF filters with NARROW/WIDE
selector switch. (CW filter optional.)

® Squelch circuit, all mode, built-in.

* Noise blanker built-in.

e | arge front mounted speaker.

* RF step attenuator. (0-10-20-30 dB.)

* AGC switch. (Slow-Fast.)

®“S" meter, with SINPO scale.

* High and low impedance antenna
terminals.

® 100/120/220/240 VAC operation.

e RECORD output jack.

e Timer REMQOTE output (not for AC power).

e Muting terminals.
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R‘1000 High performance receiver » 200
kHz-30 MHz in 30 bands ® AM, C\W, SSBe 3 IF
filters ® noise blanker ® RF attenuator ® S-meter

® 120-240 VAC » muting terminals ® built-in speaker
» digital display/clock/timer
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R'SOO General coverage receiver ® 150
kHz-30 MHz in 30 bands » AM, CW, SSB  IFfilters
® noise blanker ® RF attenuator @ S-meter with
SINPO scale » front mounted speaker ¢ 3 antenna
inputs  100-240 VAC operation e record jack

» muting terminals ® digital display

Specifications and prices subject to change without notice or obligation
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Optional accessories:

® \/C-10 VHF converter for R-2000 covers
118-174 MHz

® Y(G-455C 500 Hz CW filter for R-2000

® HS-4 Headphones

® HS-5 Deluxe headphones

® H5-6 Lightweight headphones

* HS-7 Micro headphones

e DCK-1 DC cable kit for 13.8 VDC operation
e AL-2 Lightning and static arrester

® Service manuals are available for all
receivers and most accessories.

Addi_lional information on Kenwood all-band
receiversisavailable from authorized dealers.

KENWOOD

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut Street
Compton, California 90220
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SWITCHED CAPACITOR CIRCUITS
By P E. Allen and Edgar Sanchez-Si-
nencio. 759 pp., 558 illus. and tables.
Covering the latest developments in de-
sign, analysis, and implementation, this
is the first guide to switched capacitor
(SC) circuits—an economical way of
combining analog sampled data tech-
niques with MOS technology.

583239-9 Pub. Pr, $56.50 Club Pr., §39.45

TROUBLESHOOTING ELECTRONIC
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583134-1 Pub. Pr., $24.95 Club Pr., $18.50

STANDARD HANDBOOK OF ENGI-
NEERING CALCULATIONS T. G.
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pp., 1,292 illus. and tables. Now re-
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panded, this huge handbook provides
more than 5,100 step-by-step proce-
dures for solving the kinds of engineer-
ing problems you encounter most fre-
quently in your work.

287/35X  Pub. Pr, $59.50 Club Pr., $44.50

POWER CONTROL WITH SOLID-
STATE DEVICES By Irving M. Got-
tlieb. 372 pages, 218 illustrations. This
comprehensive book discusses every
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circuitries.

583240-2 Pub. Pr., $28.85 Club Pr., $21.95

CONTROL SYSTEM ENGINEERING
By Mohamed E. El-Hawary. 583 pages,
373 illustrations. This up-to-the-min-
ute guide gives you the latest tech-
niques for the design, analysis, and
compensation of today's increasingly
complex and sophisticated control sys-
tems. All the systems covered are
closed-loop time-invarient feedback
control systems.

583224-0 Pub. Pr, §32.95 Club Pr., $24.75

DIGITAL LOGIC DESIGN. By B. Holds-
worth. 338 pp., 192 illus. All of the
recent advances in digital design tech-
niques are presented here in depth. It's
both a text covering basic concepts and
a practical guide to design technigues
for combinational, clock-driven, and
event-driven circuits.

582852-3 Pub. Pr., $39.95 Club Pr., $27.50

INTRODUCTION TO RADAR SYS-
TEMS. By M. |. Skolnik. 2nd Ed., 698
pp., 244 illus. Covering every radar
fundamental and all important changes,
this EE text exposes you fully to the sys-
tems themselves—and to their appli-
cations! Topics include radar equation,
CW and frequency-modulated radar,
MTI, pulse-doppler, tracking radar, re-
ceivers, displays, duplexers, noise, and
more.

579/091 Pub. Pr., $47.95 Club Pr., $35.75
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HANDBOOK OF PRACTICAL ELEC-
TRICAL DESIGN. By J. F. McPartland.
416 pp., 300 iflus. This volume pro-
vides a step-by-step explanation of de-
signing electrical systems for indus-
trial, commercial, and residential
applications.

456/95X  Pub. Pr., $40.95 Club Pr., $27.50

INTRODUCTION TO MICROWAVE
ELECTRONICS. By T.C. Edwards. 76
pp., iffus., softbound. Eliminating un-
necessary theory and mathematics, this
book provides you with a lucid overview
of microwave engineering and the de-
vices and circuits being used today.

583030-2 Pub. Pr, $14.85 Club Pr, $10.95

ELECTRONICS ENGINEERS' HAND-
BOOK, 2/e. Edited by D. G. Fink & D.
Christiansen. 2,272 pp., 2,189 illus.
This updated and enlarged edition cov-
ers all the latest knowledge in the field,
including new advances in integrated
circuits, pulsed and logic circuits, laser
technology, telecommunications, and
much more.

209/812  Pub. Pr., $83.50 Club Pr., $63.95

Spectacular values up to $10500

THE McGRAW-HILL COMPUTER
HANDBOOK: Applications, Con-
cepts, Hardware, Software. £d-
ited by H. Helms. 992 pp., 475 illus.
Everything-you need to know about to-
day's computer science and engineer-
ing is here in this massive treasure trove
of information.

219/121  Pub. Pr, $84.50 Club Pr,, $52.95

TRANSDUCERS: Theory and Ap-
plications. By J.A. Allocca and A.
Stuart. 497 pp., 328 illus. Thoroughly
describes and illustrates the theory and
operation of all important transducers
used in industrial, communication,
medical, and other applications.

582997-5 Pub. Pr, $29.95 Club Pr., $24.95

ELECTRONICCOMMUNICATIONS
SYSTEMS. By W. D. Stanley. 566 pp.,
iflus. Emphasizing the signal-process-
ing functions of modulation and de-
modulation operation, this book pre-
sents the essentials of electronic
communications in a logical, step-by-
step sequence.

582834-0 Pub. Pr, $32.95 Club Pr., $22.50

THE ENCYCLOPEDIA OF ELEC-
TRONIC CIRCUITS. By R. Graf. 760
pp., 1,256 illus. This large volume pro-
vides circuits for virtually every type of
application in 98 different categories.
Each has a clear and concise explana-
tory text accompanying it.

583265-8 Pub. Pr, $50.00 Club Pr., $39.95

GATE ARRAYS: Design Tech-
niques and Applications. Edited by
J. W. Read. 349 pp., 146 illus. Written
by a team of specialists, this book de-
scribes the fundamental principles, de-
sign techniques, and uses of gate ar-
rays.

512/868 Pub. Pr, $35.00 Club Pr., $24.75

ANTENNA ENGINEERING HAND-
BOOK, 2/e. Edited by R. C. Johnson
and H. Jasik, with contributions by 57
recognized authorities. 1,408 }fp.. 946
illus. This widely acclaimed Handbook
gives you the guidance dyou need to solve
problems in antenna design and appli-
cation.

322/910  Pub. Pr., $105.00 Club Pr., $62.50

PRACTICAL DIGITAL DESIGN US-
ING ICS, 2/e. By J. D, Greenfield, 717
pp., iffus. This revised and expanded
Second Edition of a popular guide shows
how to get the most out of a wide range
of popular integrated circuits. What's
more, it contains the specialized know-
how today's designer needs to interface
ICs with microprocessors.

582853-7 Pub. Pr., $31.85 Club Pr., $22.85

MCGRAW-HILL CONCISE ENCY-
CLOPEDIA OF SCIENCE AND TECH-
NOLOGY. Editor-in-Chief S. P Parker
and the Staff of the McGraw-Hill En-
cyclopedia of Science and Technology.
2,065 pp., 1,600 illus. This volume
serves every need for understanding to-
day's science and technology. Written
by over 3,000 of the world's topmost
experts, including 19 Nobel Prize win-
ners, it covers /5 disciplines from
Acoustics to Zoology.

454/825 Pub. Pr, $95.00 Club Pr., $66.50
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CIRCUIT DESIGN. By W.A. Davis. 416
pp. heavily illus. Provides in-depth cov-
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chanical realization of selected trans
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INTRODUCTION TO RADIO FRE-
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MCcGRAW-HILL ENCYCLOPEDIA OF
ELECTRONICS AND COMPUTERS.
By S. P Parker, Editor-in-Chief. 960 pp.,
1,266 illus., outsized 8> x 11 format.
It's a single-volume library that covers
the entire world of electronics from Edi-
son's pioneering work in electricity right
up to optical fiber communications,
control systems, lasers, radar, TV re-
ceivers, artificial intelligence, and
computer storage technology.

454/876  Pub. Pr., $67.50 Club Pr., $41.50

ELECTRONICS ENGINEERING FOR
PROFESSIONAL ENGINEERS' EX-
AMINATIONS. By C. R. Hafer. 336
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know-how.

254/303  Pub. Pr, $32.50 Club Pr., $25.50
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MODERN ELECTRONIC CIRCUITS
REFERENCE MANUAL. By J. Markus.
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STANDARD HANDBOOK FOR
ELECTRICAL ENGINEERS, 11/e. By
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you need detailed, timely, and reli-
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DESIGN OF FEEDBACK CONTROL
SYSTEMS. By G. H. Hostetter, C. J. Sa-
vant, and R. T. Stefani,
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continued from page 96

shown in Fig. 1. The idea behind
the scheme 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 out-
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 electronic 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 control 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.

Butsolid 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 putonasingle
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?
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C-band DBS?

LAST MONTH WE LOOKED AT THE REA-
soning behind the FCC's 1979 deci-
sion to create a special DBS, or
Direct Broadcast Satellite, 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 Ku
band at this time, so those inter-
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
about Y-million per year. So, by
1990, there will be C-band TVRO's
serving no less than 5% of all U.S.
homes.

However, there are limits to
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

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 state of the

TVRO dealer “Starter Kit”
available

‘Bob Coopers CSD Magazine has ar-
ranged with a number of TVRO equip-
ment supptiers to provide a single-
package of material that will help intro-
duce you to the world of TVRO dealership.
A short booklet written by Bob Cooper
describes the start-up pitfalls to be avoid-
ed by any would-be TVRO dealer, in addi-
tion, product data and pricing sheets from
prominent suppliers in the field are in-
cluded. That package of material is free of
charge and is supplied to firms or individu-
als in the electronics service business as
an introduction to the 1984/85 world of
selling TVRO systems retail.

You may obtain your TVRO Dealer
Starter Kit free of charge by writing on
company letterhead. or by enclosing a
business card with your request. Address
your inguiries to: TVRO STARTER KIT,
P.O, Box 100858, Fort Lauderdale, FL
33310. That kit not available to individuals
not involved in some form of electronics
sales and service.

BOB COOPER, JR.
SATELLITE TV EDITOR

art—on the receiving end. So if 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-watt 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-watt 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:

9861 AHvVNHA3d
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@ After initial opposition, the ter-
restrial telephone companies
might simply accept the fact that
power levels greater than 10 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.

® Last, 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 output 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
0.27Q) at 3 watts. In addition to
that, the values of the four output
capacitors should be increased to
1000 p.F each. Last, you should also
replace the 2N3766 with a 2N6057,
and the 2N3740 with a 2N6050.—
Vaughn D. Martin R-E

No previous experience necessary

LEARN
PROGRAMMING

Master computers in your own
home at your own pace in your
spare time. Learn even before
you decide on a computer.

BE YOUR OWN
COMPUTER EXPERT

Programming is the best way to
learn 1o use compulters, and we
can show you the best—and
maost economical—way to learn
programming!

Send today for your free infor-
mation package. No obligation
No salesman will call

™ " HALIX INSTITUTE ]
CENTER FOR COMPUTER EDUCATION DEPT. 492
1543 W_ OLYMPIC. # 226

LOS ANGELES, CA 90015-3894

YES! Send me free information on how | can learn about
computers and programming al home!

Name
Address
Gty
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PRB ... HAS OVER 10,000
ELECTRONIC COMPONENTS

PROJECTOR RECORDER BELT
has virtually every electronic com

ponent you'll ever need . . .
the world’s most com-
plete inventory of belts (in-
cluding the hard to find ones).

plus...

__PRB OFFERS YOU:
* Everyday Low Prices
* FREE Freight (PRB will pay the 1st Ib.
of UPS-ground only-charge)
* Orders Shipped within 24 Hours
» Weekly Specials for Super Savings
* FREE - 98 Page Catalog (call for your copy)

* 100% Guarantee on All Products
* Service You Can Depend On

SPECIALS

GOOD WASH
Spray degreaser/
tuner cleaner ...

safe for all plastics.
#2444
24 oz. aerosol can
Regularly $3.67

INDIVIDUAL 5%
RAINBOW MEMORIES
DISKETTES (Bulk)
Single Sided #1SBK
Just $1.17 ea. (min. 12)
(1-11 $1.30 Each)
Double Sided #25BK
Just $1.26 ea. (min. 12)
(1-11 $1.40 Each)

ORDER TOLL FREE

National 1-800-558-9572 In Wisconsin 1-800-242-9553 TLX: 4994411 PRB USA

= ;
|__¥IsA
T

UPRB

}%ﬁ

SALE $2.98 (min. 12) ®

... with radio noise filter

PROJECTOR

RECORDER BELT
200 Clay Street
CLORICE  Whitewater Wi 53190

VOLTAGE SPIKE
PROTECTOR

#4445P
Close-Out
Special!
Regularly $6.15
SALE $1.95 (min. 12)

SOMEONE
YOU
KNOW

HAS A RARE DISORDER

*That may be fatal or disabling

* That many doctors don't recognize

= That may have no cure or
treatment

*That is one of 5000 disorders with
a total of 20 million victims

NORD is a coalitionof non-profit agencies, re-
searchers, and individuals that helps by pro-
viding information and promoting research.
Your membership helps.

National Organization 1182 Broadway, Suite 402,
for Rare Disorders

NORD

New York, N.Y. 10001
212-686-1057

CIRCLE 285 ON FREE INFORMATION CARD



VOL. 3 NO. 2 February 1986

ComPUTERDIGEST

A NEW KIND OF MAGAZINE FOR ELECTRONICS PROFESSIONALS |

SO YOU'RE GOING TO BUY A
MONITOR... A State-Of-The-Art Report

’ GERNSBACK

GRAFEX-32

Build This Hi-Res Graphics Adapter
For Your Apple I1

SPEAKER ENCLOSURE DESIGN

Let Your Computer Do The Hard Work
Part II. The Conclusion




CONTENTS

Vol. 3 No. 2 February 1986

4 So You're Going to Buy A Monitor...
Read this article before you go shopping. Armed with this
information you can save a lot of time and money. Herb Friedman

7 Computer Speaker Enclosure Design
The conclusion of the story begun last month on using your
computer to 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 Letters

3 Computer Products

ON THE COVER

Heath's new Model HYM-122A is a 12-inch amber monochrome
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
assembling it yourself from the kit. You'll find that for most non-
color applications, such as word processing, you get better
definition with @ monochrome monitor. So if you're thinking of
going monochrome, or changing to amber, take a long, hard look at
this unit, and see page 4.

COMING NEXT MONTH

Look for an intriguing application for the Commodore light pen as a
frequency counter. If you've got any questions about printers, you'll
surely find an answer in the printer tutorial we'll be running next
month. We'll also be offering part two of the three-part article on
the Grafex-32, begun in this issue.
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LETTERS

Glitch!

| built the circuit for the Write-
Protect Notch By-Pass article in
your July, 85 Issue. | found two
small errors in Figure 2, the
schematic diagram. Capacitor C4's
polarity should be reversed so the
positive lead connects to pin 2 of
IC1. Also, the lead from the
junction of IC1 pin 2 and C1, to
one side of S2 should be
connected to the junction of IC1
pins 1, 8 and C1 instead. With the
corrected circuit, | was able to
load the program and saved it to a
write-protected diskette.
A.F,
Somerset, Bermuda.

Thank you. We appreciate 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 VHS was going to
dominate. |'ve been holding off on
buying a computer for the same
reasons, waiting to see if | should
3o with CP/M or MS/DQOS, but
there doesn't seem to be any
resolution. What should | do?
GiD%
Reno, NV.

Buy: We now have interface
devices that can make any system
compatible with any other. So
stop denying yourself. Remember
when Ralph Kramden refused to

buy a TV set because he was
waiting for 3-D TV?

Dealer’s Choice

| know you select the articles for
each issue from those that various
authors submit. But if you could
have a choice, what would you
look for?
S. K,
Taos, N.M.

Thanks for asking, S.K. Right now
we're scrambling for—believe it or
not—SHORT articles to fill one or
two pages in the magazine!
Everything we seem to have now
has to be serialized over two or
three issues. The subject matter is
wide open, but we prefer well-
written construction projects. <P

COMPUTER PRODUCTS

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

INVOICING SYSTEM, the
Supershipper, integrates all the ele-
ments involved: it is capable of
handling customer-account lists, and
product and price lists, as well as
printing invoices, labels, and COD.
tags.

The Supershipper is available for the
Commodore 64. The program retails
for $99.95.—Progressive Peripherals &
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Software, Inc., 2186 South Holly, Den-
ver, CO 80222.

BAR CODE READER SYSTEM, the
model PSR150, can be used in either of
two basic modes. The on line mode is
as a fixed bar code decoder, which
will decode bar code information and
send it directly to your system. In the
storage mode, the unit is a hand-held
portable storage device that goes
anywhere for collecting data and infor-
mation at the source, thus eliminating
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 is 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 or stored in the store mode by
scanning the “Enter” bar code on the
scan-pad.

The standard unit of the model
PSR150 comes with features such as
stainless steel pen, 32-character LCD
display, Nicad or alkaline batteries, bar-
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code keyboard, and serial interface,
and is priced at under $500.00. The
mode! PSR150 is also available with
64KB RAM, at a price of under
$1000.00.—Digitronics Division, Com-
tec Information Systems, Inc., 53 John
Street, Cumberland, Rl 02864. <P
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SO YOU'RE GOING

TO BUY A

MON ITOR0 L & 4

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 go out and do what you should
have done in the first place—Buy a monitor!

Or maybe 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
monochrome—for now—with all that Christmas loot
burning a hole in your pocket, maybe “now” is “now.”

Whatever you've got in mind for that new monitor,
you'd better be armed with some 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 COMPOSITE VIDEO output from monochrome
personal computers uses the same NTSC format used for
broadcast TV.
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decisions you're probably going 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 a
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 trip, so we
did the next best thing. Here it is:

Selecting a computer monitor used to be easy. Most
computer stores stocked only monochrome or color,
Today, the terms “monochrome” and “color” are
meaningless because there are different models within
each category, many are mutually exclusive in that they
will not function with signals intended for another kind
of monitor.

As a general rule, monochrome monitors present few
problems other than the signal connection; except for
the IBM-type monochrome monitor all employ what is
called a composite 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 composite
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FIG. 1b—COLOR COMPUTERS simply superimpose a color
burst on the back porch of the vertical sync. The monitor
integrates the color burst with the video signal to create a
color display. Without the color burst a color monitor would
create a monochrome display.



video signal can be carried 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 a monochrome monitor is usually
not a problem because the frequency response of the
monitor serves as an indicator of what to expect. The
conventional bandwidth of approximately 6-8 MHZ
used for closed circuit TV monitors can resolve up to
40 characters per line, 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, a composite monochrome monitor
can be used for both monochrome and composite
color signals. It simply ignores the color burst, which,
as shown in Figure 1b is the same as the composite
monochrome signal shown in Figure 1a.

Until the introduction of the IBM-PC, composite
video was the standard signal for personal computers.
One of the few attempts to avoid using conventional
composite video (especially for monochrome display)
was the Osborme computer. Aftermarket vendors
immediately introduced composite adapters because
non-composite monitors was an idea whose time had
not yet come. At its best it was a hinderence to
convenient use of the computer.

It was IBM that really created the use of non-
composite monitors 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
displays. This, of course, was sheer nonsense, meant to
sell an expensive monochrome adapter and a special,
expensive monitor. Since no one else was selling “IBM-
type" monochrome monitors IBM had the market to
themselves because no other monochrome monitor
would work with IBM's monochrome adapter signals.

VIDEO =
COMPUTER INTENSITY. | MONOCHROME
MONOCHROME V DRIVE .| Monitor

! H DRIVE 2

FIG.2—A COMPUTER WITH an IBM-type monochrome output
provides individual TTL signals (non-NTSC) for the video
component, intensity, and the vertical and horizontal drive.
The monitor integrates the four signals into a screen display.

Figure 2 shows how the IBM-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 IBM-type monochrome signals
cannot be used to drive a conventional composite
monitor. But because conventional composite video
isn’t used it’s possible to employ non-NTSC vertical

RED
GREEN 4
COMPUTER BLUE RGB
COLOR INTENSITY il COLOR
CUIRUL V DRIVE g MDNHOR
H DRIVE

FIG. 3—AN RGB COLOR SIGNAL is also non-NTSC and TTL.
Each of the three primary colors is provided as a separate
signal along with the intensity and vertical and horizontal
drive signals. Like the TTL monochrome monitor, the RGB
monitor integrates the separate signals into a complete color
display.

and horizontal sweep rates. IBM-type monochrome
monitors employ a horizontal 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
composite 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
computer a color monitor cannot create color). As a
general rule, almost any hue of any intensity can be
displayed by a composite monitor; any 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 carries is derived digitally, RGB
signals are digital representations of the instantaneous
color and intensity values of a single picture element.
Like the IBM-type monochrome displays, RGB color
monitors work with TTL signal levels, only now there are
individual 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.
Normally, just the three RGB signals can produce the 8
colors indicated with an asterisk; the additional 8 are
made possible by integrating the intensity signal with
the RGB signals.

RGB COLOR DISPLAY

Basic color Intensified color
* Black Dark grey
* Blue Light blue
* Green Light green
* Cyan Light cyan
* Red Light red
* Magenta Light magenta
Brown * Yellow
* White Intensified (super) white

* Indicates conventional pre IBM-PC basic color rainbow.

FIG. 4—A MODERN RGB MONITOR that is IBM-compatible
will produce 16 colors including brown. Before the introduc-
tion of the IBM-PC, RGB monitors produced yellow instead of
brown, and some RGB monitors could only produce the eight
colors indicated with an asterisk (***").
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FIG. 5a—USING A MONOCHROME MONITOR with a color
signal intended for an RGB monitor usually results in excess
“gain” and considerable loss of detail in both the graphics
and text characters.

Presently, all conventional RGB monitors create 16
colors from conventional personal computer signals.
Unfortunately, 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
rainbow there is no brown: The position occupied by
brown in Figure 4 is normally yellow. Unfortunately,
although the intensity signal produces lighter versions
of seven of the original 8 colors—thereby also
producing a legitimate 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 rainbovw 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 RGB
While it is usually possible to use a mononchrome

FIG. 5b—BUT WHEN PROCESSED by a Video Enhancer an
RGB color signal can look quite good on a monochrome
monitor because the device converts each color to an individ
ual shade of grey. ;
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monitor with a compasite color output, programs
specifically written for an RGB color output often
produce little 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 clones
have a composite video output which can be used to
drive both composite color and composite
monochrome 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 a monochrome monitor in two shades of
monochrome: normal and highlight. If the program is
self-booting so that the computer outputs only for RGB
the composite video will contain “grainy”characters
and missing graphic elements.

By using a device known as a Video Enhancer
(PowerR, 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
discernable shade of grey. The Video Enhancer is
actually built in a conventional 9-terminal D-connector,
the same kind normally 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 Saturn”
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 monochrome monitor if
taken from the RGB output and processed by the
Video Enhancer. Notice that the rings of Saturn are now
clearly 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 is 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. <{@Mp



COMPUTER-AIDED
DESIGN OF
LOUDSPEAKER
ENCLOSURES
PART Ii

Michael Raleigh and Robert Raleigh

This article, begun last month, is concluded here.
Figure 8 shows the results of a computer experiment
which simulates putting this woofer in a 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 length.
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

FREQ. POWER ADMIT.
15 2.31772192E-07 848189537
28 1.68771018E-84 .B235715442
23 B.4135257BE-04 B43428724%
38 3.4242631FE-85 .B774287387
35 1.3144318E-84 12824884
48 3.56205788BE-04 - 148312447
45 5.43215857E-84 .13413084
s5e S.71891327E-04 .8742733156
55 5.53844955E-04 .B5B8354%78464
1] 5.28822504E-04 .B325508438
&5 5.81588831E-684 .81870814434
78 4.¥33194462E-04 .B215519484
75 4,92573898E-04 8318286227
ae 4.74855805E-04 .8424188525
a5 5.844819ZE-04 852132713
78 5.14323853E-84 B4BBPRI3LP
?5 5.25404553E-84 .8487862788
18e 5.37787077E-04 875933387
1835 5.50484824E-84 .8824308995
11@ S5.43422773E-84 .a8B3421018
1135 5.76395798E-04 .BP379578
12e 5.87259524E-04 .BPE7EPPE4E
125 4.817078046E-B4 183392324
138 &.14264474E-084 . 1874644855
135 4. 2862759B1E-04 .11158833%
148 6.37785741E-04 115231464
145 4.4913109E-04 118624556
158 4.59738148E-04 121782475
155 4.7B3215%2E-04 124724084
168 4.802B81574E-04 127473777
145 &6.89822794E-04 .138841985
178 4.78953111E-84 132445442
175 7.874B2842E-04 +1344697483
188 7.168240811E-84 13480983
185 7.2378981 4E-04 . 138793545
19@ 7.315%4198E-84 . 140458362
195 7.3885152E-84 -142413199
208 7.45774308E-04 144866174
285 7.52383052E-04 1456247
218 7.584B4043E-04 + 147895535
215 7.644679344E-04 .148484873
228 7.7843453E-84 - 149798383
225 7.759108E-04 .151841271
230 7.B81134873E-04 152218314
235 7.84612874BE-84 . 153333788
z4e 7.788B8703E-04 »154372182
245 7.95425388E-04 . 155396425
258 7.PP745393E-04 . 13635872

INTENSITY (W/M2)
S

102

104 /

INTENSITY (W/M2)

s //

10 15 20 25 30 40 50 60 708080100 150 200 250
FREQUENCY (Hz)

FIG. 7—ACOUSTIC INTENSITY in watts/meter squared versus

frequency for a .2 cubic meter infinite baffle enclosure. A 3db

difference is indicated for this graph and applies to all subse-
quent response curves.

102

|
.'
[
/
|

COIL RESISTANCE 5.30
MOUNTING COMPLIANCE 6.68 x 10°* M/Nt
SPEAKER RADIUS 126 M

ENCL. VOLUME 124 w3

l BE PRODUCT 126TxM
FREE RESONANCE 33 Hz

I PORT RADIUS 8.89x 102 M
PORT LENGTH 229 M
SPEAKER DAMPING 2.45 Nt x S/M
PORT DAMPING 1.00 Nt x S/M

108 /
10 15 20 25 303540 50 G0 708090100 150 200 250

FREQUENCY (Hz)
FIG. 8—COMPUTED RESPONSE of ducted port enclosure
constructed in design example. Parameters are listed above.
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FIG. 9—COMPUTED RESPONSE for design example with
various duct lengths. Other parameters same as Figure 8.
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ADMITTANCE (U)

.01

FREQUENCY (Hz)

— = = EXPERIMENT
SIMULATION

FIG. 10—MEASURED AND COMPUTER SIMULATED admit-
tance of enclosure built as design example, described in
Figure 8. Magnitude of the maximum in the admittance which
occurs at approximately 40 Hz is sensitive to the amount of
damping in 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 8.

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 experiment, 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 damping. 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 a very short duct. In this case, a
greater proportion of the effective mass of the duct is
due to the motion of air extemal to the duct. This effect
is included in the program however, so that a proper
simulation of a ported enclosure results from entering
the length of the duct as the thickness of the speaker
faceplate. For example, a 1-inch thick faceplate implies
a duct length of .00954 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

We have shown but a few examples. The reader is
invited to systematically 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. <@p>



BUILD THE

GRAFEX-

PART 1

A 640 by 400 graphics adapter for the Apple .

Ray Dahlby

Dep’t. 255

Box C-34069

Seattle, WA 98124-1069

mThe 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
memory, over four times that used for display on the
Apple Il.

Recently, the availability of 64K dynamic RAM chips
and VLSI graphics controllers at reasonable prices has
made it feasible to expand the Apple II'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 7220 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
plugging in 64K by 4 bit RAM chips and three such
boards can be installed in a 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
90 chips, it displays a monochrome resolution of
956,000 pixels on a standard Apple Monitor. Since this
baseline performance exceeds the graphics resolution
of the Macintosh computer, | decided not to increase
the complexity, 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 ||
itself

The Apple Il

The Apple II/lle line owes much of its success to the
expandability afforded by its expansion slots. In the six
or so 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 a multitude of

add-on cards available, it is surprising to find an area
which has not been adequately 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-oriented 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 attributed to
the introduction of the 1.8.M PC which has distracted
the focus of third-party hardware manufacturers at a
time when VLSI graphics chips and cheap memory
make Apple Il graphics expansion an easy matter.

The Apple Il line can benefit from new graphics
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 resolution screens are not used, the
memory space allocated to them can be used for
program and data storage. The design of the Apple ||
limits the graphics resolution for a least two reasons,
one being the restricted bandwidth of the home color
televisions 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
only 65,536 bytes so a memory-mapped video design
using half of this precious space just would not have
been practical.

Memory-mapped video design is not limited to low
resolution graphics as evidenced by the newer Apple
Macintosh 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 system memory. A large graphics RAM
mapped into this address space does not represent a
significant fraction of the total available for program
and data storage.

The answer to improving the Apple II'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 able to directly access to display RAM
but there are new chips optimized for managing large
bit-mapped memories. 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 is designed to handle the repetitive tasks required
in figure, line, and character drawing on a raster scan
CRT. Unlike previous CRT controller chips such as the
Motorola 6845 whose tasks were limited to display
refresh and video synchronization. The 7220 has an
instruction set which enables it to read, modify, 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 microprocessor/display memory 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 is 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 limited 16
bit addressing of the 6502. It also handles dynamic
RAM refresh and video sync generation. This part is
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
dynamic 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 operation.
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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 is going
on from input through output!




required to assemble a 16-bit memory system. There is
another 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 power 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 memory and the 7220 which helps to simplify
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 example, 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 Figure 1 and the
schematic of Figure 2, 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 7220, ¢) the
display memory, d) the video output circuitry and e)
the timing generator.

The 7220, IC1, communicates with the host
microprocessor over its eight bidirectional data lines.
IC11, A 74LS245 is used to provide buffering and 1C2, a
741500 is used to convert the Apple’s RAW and DS
signals into the 8080-type RD and WR signals used by
the 7290. The Grafex circuit uses four of the 16
addresses assigned to the peripheral slot in which it is
installed in the Apple Il. These addresses are used to
select the command and parameter registers of the
7220 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
video signal.

The 7220 communicates with the display memory
over its 16 multiplexed address/data lines, labelled
ADO-AD15 on the block diagram. The CAS latch, I1C12,
a 7415374, is used to 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-coupled 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 7220 AD8-
AD15 pins.

The display memory, IC13-1C16, has a multiplexed 8-
bit address bus and a 16-bit data I/O 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
latches, then the eight column address bits are
presented on the address lines 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 selected
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 extemnal
circuit when needed later in the read cycle. In this
manner, the eight row/column address lines can serve
also as the low 8-bit data corridor to and from the
7220 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 inter-connections.

The 16 bits of data read from the display memory are
presented to two 8-bit parallel in/serial out, shift
registers, IC17 and IC18. These 74LS166 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, IC19. 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 IC5. 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 in an Apple II, 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 relay is software actuated and
defaults on reset to the external input, allowing the
Apple system 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 timing generator, comprised of the 16 MHz
crystal and IC3, IC4, 1C6, IC8, ICY, IC10, and IC20
provides the various clock and control signals used in
the system. All timing is derived synchronously from
the 16 MHz clock. The timing generator has two modes
of operation depending on whether the 7220 is
executing a 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
turn, uses as its master clock, a 2 MHz signal labelled
2Xwck. This clock, as its name implies, runs at twice
the display word rate and all internal timing of the 7220
is derived from this signal since 16 pixels comprise one
16 bit word of display memory, the 2XwcTk used in this
design is 2 x 16 x 65 ns = 500 ns or 2 MHz.

That's all the space for now. We'll continue this article
next month.
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Typical of RCA CTC 85 thru 108 LV Regulator Circuits

Schematic by Diehl Engineering

How many of these questions
can you answer ?

) Every circuit has a beginning and an ending. Where does this
circuit begin ?

!) Specifically, what is the purpose of this circuit ?

3) Whatturnsiton ? What turns it off, or does it ever really turn off ?

1) Does this circuit have a shut down feature ? If so, which com-

ponents are involved ?

What would happen if Q103 were to become shorted E to C ?

What purpose does Z115 serve ?

What would happen if D114 became shorted ?

What purpose does C126 serve? What will happen if C126

becomes open ?

Is the winding between terminals 3 and 4 of the flyback a primary

or a secondary winding ?

What purpose does C117 serve ?

exactly how does it do it 7

Exactly what do resistors R113, 114, 115, 116, and 117 do?

What happens if they change value ?

What occurs that causes this circuit to produce an initial start up

pulse ?

Why does this entire circuit become shorted and begin to destroy

horiz output transistors if the regulator SCR becomes shorted ?

There is exactly one safe and practical method of circumventing

this LV regulator circuit for test purposes. This technique does

not involve a variac. Instead, you must disconnect one wire then

connect a jumper wire from terminal #4 directly to :

Which wire do you disconnect and where do you connect the

other end of your jumper wire ?

5) If SCR100 Is shorted, this circuit will still ““eat'’" hariz output tran-
sistors even if you are using a variac. Why ?

6) Why does this circuit use a floating ground ?

3)
3)
)
3

3

J

Exactly what does it do, and

1

2

3

4

We publish a monthly magazine called the Technician / Sh.op Owners
Newsletter. Each month we take a popular circuit and absolutely
diasect it.

Using color coded pictorial schematics such as the one above, we
“map out” every action in the overall sequence of events that must
take place during each and every cycle.

Beginning with the very first “‘action’ in the sequence (which just
happens to be depicted in the above schematic) we expiain exactly
what is taking place. We then explain the function of every component
in that portion of the circuit. After explaining the function of each com-
ponent, we show you how to troubleshoot that particular “*action’ or
function.

After reading our newsletter on this circuit, you could answer all of the
above questions as fast as anyone could ask them. In fact, you will
then know everything there is to know about this circuit. Including how
to troubleshoot it !!

Regardless of whether you work on TV sets, stereos, radios or
computers, just having the ability to “diasect’’ an electronic circuit
{any circuit) is worth a fortune. In reality, “'diasecting’ is exactly what
our newsletter is designed to teach you.

Because of the manner in which our newsletter is written, the subject
matter that is gained from each monthly issue is so extremely broad
that it will *'spill over" into your everyday troubleshooting routine, and
be applied to totally unrelated circuits.

This entire training program sells for only 119* per year (12 seperate
issues). Virtually every one of our subscribers agree that no other
publication is as informative. By using the attatched order card you
can purhase the first three of fifteen issues for only $29%. Just these
three issues alone will vastly improve your knowlege of electronics.

For immediate service call your order into us at (806) 3539-0329 or
(806) 359-1824.

Diehl Publications, 6661 Canyon Drive Bldg. E, Amarillo, Texas 79110



RADIO-ELECTRONICS

-
{=]

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
assembled 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-
0s 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-

FIG. 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 alittle more
creative than usual when “restor-
ing” a composite.

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's.
But radios from that era were con-
sidered modern by some readers
who have been involved with radio
since the 1920’s, or even earlier.
They built their chassis from mail-

RICHARD D. FITCH
CONTRIBUTING EDITOR

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 the1920'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 a device for
detecting electricity that he called
an electroscope. Gilbert was the
first person to use the word
electricin English. Later in the 17th



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 jar is 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 jar is charged by touching
a charged 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 1700s, and
Matteucci, in the 1820's, 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’s 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’s

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!) radio
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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CLINIC

| see IC’s everywhere!

THE FRENCH USED 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 IC s still in good work-
ing order.

But if 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 IC’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 IC’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 thatit has an

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 IC 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



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 part of a repair job! Remov-
ing an IC 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 just drop out.

But don’t get frustrated if it
doesn’t! If you yank the IC 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 IC 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 IC’s.
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 a Teknika,
model 3249, | found the B+ adjust
not working and the B + voltage too
high. I later found that the regulator
transistor was shorted, so I replaced
it. With a new one 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?

I 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., butyou'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

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 about 150 microseconds,
which should be sufficient for
most TTL and CMOS circuits. If
you need a longer (or shorter) out-
put pulse, connect a precision
monostable between the 1C4-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 1C4-a is held low for
about 20 milliseconds, as deter-
mined by the R2—-C3 time constant.
During that time pin 11 of I1C4-a is
high, and that resets 1C2. A ReseT
pulse is also generated each time
momentary switch S1 is pressed.
Whether it comes from S1'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 forall 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 should 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 (MM5369EYR)
60-Hz (MM5369AA) and 100-Hz
(MM5369EST) outputs. Make sure
you get the correct part!

If you need an oddball reference
frequency (2 Hz, 3 Hz, 5 Hz, etc.)
you can alter the RESET/OUTPUT
pulse rate by NANDing various
combinations of IC2’s outputs. For
example, if you needed a 2-Hz (/-
second) output, you'd need to
count 30 pulses before resetting
I1C2. To do that you'd need to NAND
IC2's @2, @3, Q4 and Q5 outputs.

—Chester C. Roher
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780 demo program

NOW THAT WE'VE BUILT OUR Z80 SYS-
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 itwhat 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 Z80's 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 1/O
leaves a lot to be desired. So can
we do anything with our circuit
that is at all useful?

Let’s take things one step at a

time. First we’ll write a short demo
program to make sure the circuitis
working. Then we’ll talk about
how we can expand the circuit to
make it easier to accomplish
something really useful. But be-
fore we start, |1 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 to output values
from 0 to F to that port.

Software design

Writing software is similar to de-
signing hardware. The first thing

TABLE 1—EXAMPLE PROGRAM

Source Code

Comments

RADIO-ELECTRONICS

-k
-

Line Address Op Code
1 0000 AF

2 0001 26 OF

3 0003 2E AD

4 0005 7C

5 0006 D3 FF

6 0008 C31100
7 0008 25

8 5/9/00] 2D

9 000D C2 0500
10 0010 76

11 0011 1183 8B
12 0014 1B

13 2315 C214 00
14 2018 C3 0B 00

XOR A Zero the Accumulator
LD H,0F Set the display number
LD L,AQ Set the loop counter
LD AH Load the Accumulator
OUT (FF),A Send it to the latch

JP 0011 Go to delay subroutine
DECH Decrement port count
DEC L Decrement loop counter
JP NZ 0005 Do again if not zero
HALT End of the program

LD DE.8B83 Preset the delay loop
DEC DE Decrement the counter
JP NZ 0014 Jump back if not zero
JP 000B Return if finished

"W
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FIG. 1

to do 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 to get
into. Remember Grossblatt’s
Fourth Law: You have to know the




rules to break the rules. In other
words, don’t look for shortcuts
until you know where you're
going.

Our 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 780 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, XoRr A, is 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 importantin 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, AND-
ing, or-ing, and xoRr-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 ourt (FF), A instruction,
you should re-read last month’s
column. The FF 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 /O ports, so any ouT 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 T1.
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. | used a
full register pair to set up the delay
time because the p and e 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 1 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’tdo
a subroutine call, because the Z80
automatically stores—in RAM—
the address it is to return to after
executing the subroutine. So we'll
have to write our program without
subroutines. We simply jump to
and from the delay “subroutine”
using Jp, rather than using caiL and
RET (GOsus 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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VIDEO LINK

CURING EMI

SATELLITE-TY RECEIVER

continued from page 55

continued from page 74

continued from page 60

+5.5 volts at the emitter of Q7, and check
for +4.5V at the collectors of Q4 and Q5.
The emitter of Q7 may show 4-7 volts—
that’s OK. Also, Q7 will normally run
somewhat warm to the touch.

If all DC voltages 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 to
over 10 if the modulator is working.

Next, connect the RF probe to the junc-
tion of C3 and C8. Tune L4 until QI starts
to oscillate, as indicated by a reading of
0.5to 1.0 volts on the VOM. Now connect
the RF probe to the base of Q3 and spread
or squeeze the turns of both L2 and L3 to
obtain maximum voltage. Now connect
the RF probe to the base of Q4 and adjust
the turn spacing of LS and L6 for a max-
imum voltage. Now, re-adjust L2, L3, and
L4 to maximize the voltage 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 tap posi-
tions on both L8 and L9 until no further
increase in output can be observed.

If one stage has no output, the cause
may be misalignment of (or circuit trouble
in) the preceding stage. It may be neces-
sary in some instances to add or subtract a
turn from L2, L3, L5, or L6 if proper
adjustment cannot be obtained by adjust-
ing turn spacing. If a coil’s turns are
spread far apart, and the alignment calls
for even more spacing, a turn should be
removed. On the other hand, if a coil has
to be “*crushed” together, add a turn. (But
make a new coil rather than splicing on
more wire. )

Now tune the TV receiver to the trans-
mitter’s output frequency. You should see
a blank raster when the transmitter is
turned on. Connect a video signal to the
input jack (J1) and adjust video level so
that a stable picture is obtained. Increase
the video level until tearing or rolling de-
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 signal to C38. Be careful
not to overdeviate or misadjust the 4.5-
MHz oscillator frequency. A frequency
counter 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 testing
of the wireless video link. A very short
antenna (about one inch) connected to 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, aresistor (whose value is typically
a few tens of ohms) in signal-line applica-
tions.

Designing transient suppressors

The most severe source of power-line
transients is a lightning stroke. Therefore,
most suppressors are primarily designed
to protect against lightning. Most of the
energy associated with a lightning stroke
is in the form of common-mode current
and voltage. However, due to unequal wir-
ing parameters and the fact that common-
mode suppressors are not perfectly
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 rated
to 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 clamped 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-
pressor will have to absorb more energy.

In addition to power lines, varistors de-
signed to protect low-voltage circuits (as
low as 5 volts) are available. The selection
of such a varistor follows the same general
procedure as above.

Silicon avalanche suppressors also are
commonly used to protect low-voltage
systems. For instance, to protect sensitive
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 kilowatts. An
SAS with a power rating of 1000 watts,
that is designed to clamp the voltage at 5,
can handle surge currents of up to 200
amperes. R-E

At this point you are ready to attach a
TV (or a video monitor) and an audio
amplifier to the receiver. CAUTION: Dis-
connect the receiver from the AC voltage
source while hooking up everything.
After everything is hooked up, reconnect
the receiver to the AC voltage and follow
these steps:

1—Turn on the receiver and adjust the
TRANSPONDER TUNING control to receive
a picture. Adjust the skew control and the
POLARITY switch 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 R109 for the best picture.
Video level is controlled by that potenti-
ometer, as is contrast. If it is adjusted to
too high a value, a buzzing sound may be
heard in the audio when lettering appears
on the screen.

4—Set the SUBCARRIER TUNING
control to the center position, and set the
BANDWIDTH switch to wipk. If no sound
is heard, adjust R112 slightly. If nothing
but noise is heard, adjust C72 until the
audio comes through. That can be a
“touchy™ adjustment. Get it close, and
then try fine-tuning the front-panel con-
trol. Once the sound is heard, readjust
R112 for best audio.

5—Aim your dish at Satcom F-3, and
tune in the appropriate transponder for
either WTBS or WGN. Set the BAND-
WIDTH switch to NaARrROW, and then slow-
ly turn the SUBCARRIER control counter-
clockwise from center. Several FM-radio
programs should be heard. Adjust R111
for the best sound.

6—Adjust R107 for full-scale meter de-
flection when receiving the strongest sta-
tion in your area,

7—Trimmers R102 and R104 may need
to be adjusted slightly in order to make
R103 correspond with the markings on the
front panel. Set the TRANSPONDER TUN-
ING control to the number of the lowest
transponder channel received in your area
and adjust R104 for best reception. Then
set the panel control to the number of the
highest channel in your area and adjust
R102. Those adjustments 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
receiver! We have stuck pretty much to the
basics in this article, but if you need more
information, be sure to consult the man-
uals that accompany your LNA, down-
converter, feedhorn and dish. Also, see
“Installing Your TVRO,” which ap-
peared in the June and July 1985 issues of
Radio-Electronics. R-E



MARKET CENTER

FOR SALE

RESISTORS ¥W,12W5%C.F. 3 cents. 1%Metal-
films, custom wirewounds, capacitors and other
components, JR INDUSTRIES, 5834-H
Swancreek, Toledo, OH 43614.

TUBES, new, unused. Send self-addressed, stamp-
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

DESCRAMBLERS for downconverters. High gain.
Send $2.00. RB ELECTRONICS, PO. Box 643,
Kalamazoo, MI 49005.

ELECTRONICS catalog. Over 4,500 items. Parts &
components. Everything needed by the hobbyist or
technician. $2.00 postage & handlinq_{Slates only),
refundable with first $15.00 order. T & M ELEC-
TRONICS, Dept. R, 472 East Main Street,
Patchogue, NY 11772. (516) 289-2520.

TV tunable notch filters, free brochure. D.K. VIDEO,
Box 63/6025, Margate, FL 33063, (305) 752-9202.

BUGGED? Wiretapped? Find out fast. Counter-
measures equipment catalog $1. CAPRI ELEC-
TRONICS, Route 1R, Canon, GA 30520

ASSORTMENT #103—consisting of
TOKO coils 144LY-120K, 520
HN-3000023, BKAN-K5552AXX (2);
PCB; transistors 2N3904 (2) BFQ85
(sub); IC’s 7812, 74123, MC1330A1P;
Diodes 1N914, 1N5231B. Only $25.00.
Coils (only) $8.00/Set. AC adapter
$6.00. Free shipping. MC/VISA/COD.
Toll Free 1-800-821-5226 Ext. 426 (or-
ders). JIM RHODES, INC., 1025 Ran-
some Lane, Kingsport, TN 37660.

LASERS and nightvision surplus components, Free

catalog, M.J. NEAL COMPANY, 6672 Mallard Ct.,
Orient, OH 43146.

OLDTIME radio programs on high quality tapes.
Comedy! Adventure! Music! Free catalogue. CARL
F. FROELICH, Heritage Farm, New Freedom, PA
17349,

ELECTRONICS, exclusives, surplus and more.
Send $1.00 (refundable) for two discount catalogs.
Add another $1.00 and get 15 assorted transistors!
JELKINS, 311 Shirley Street, Boston, MA 02152.

CABLE-TV Secrets—the outlaw publication the ca-
ble companies tried to ban. HBO, Movie Channel,
Showtime, descramblers, converters, etc. Sup-
pliers listincluded. $8.95. CABLE FACTS, Box 711-
R, Pataskala, OH 43062.

5-BIT 5 Mhz A/D converter priced at $5.00 per bit—
hand selected 0.5% Vishay resistors give 10-bit ac-
curacy. Order DA175, $25.00 each. 2¥" square
module. DIPAC ASSOCIATES, 645 Executive Ctr.
Dr. #204, West Palm Beach, Fl 33401.

CLASSIFIED AD ORDER FORM
To run your own classified ad, put one word on each of the lines below and send this form along with your check to:

Radio-Electronics Classified Ads, 200 Park Avenue South, N.Y., N.Y. 10003

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $23.00.
() Plans/Kits ( ) Business Opportunities

( ) For Sale
() Education/Instruction () Wanted (

) Satellite Television

Special Category: $23.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made unless you clearly print or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

6 7 8 9 10

15 ($42.75)

CABLE-TV converters and descramblers. Low
prices, quality merchandise, we ship C.0.D.. Send
$2.00 for catalog. CABLETRONICS UNLIMITED,
P.O. Box 266, South Weymouth, MA 02190.

Quality Microwave TV Antennas

Multi-Channel 1.9 to 2.7 GHz
40dB Gain True Parabolic 20 inch Dish
Complete System $84.95 (Shipping incl.)
Dealerships, Qty. Pricing, Replacement Paris
Phillips-Tech Electronics
= P.0. Box 34772 « Phoenix, AZ B5067
LFeETIME  (B02) 847-7700  ($3.00 Credit all phane ordersi)
WARRANTY MasterCard = Visa » CO0's

CB’ERS only: antennas, radios, modulators,
voice scramblers, frequency expanders, modifica-
tions, goody boxes, professional repairs, much
more! free catalog. PRESIDENT CB SALES. 101
W. Adams-12, Long Beach, CA 90805. (213)
631-3552.

RESTRICTED technical informational: electronic
surveillance, schematics, locksmithing, covert sci-
ences, hacking, eic. Huge selection. Free bro-
chure: MENTOR-Z, 135-53 No. Blvd., Flushing, NY,
11354,

TUBES, name brands, new, 80% off list. KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

ZENITH SSAVI Manual. Original manual used by
technicians. Theory of scrambling, schematics
parts list, repair for UHF and cable. For speedy
delivery send $15.00, cash or money order. BAY
STATE ELECTRONICS, P.O. Box 263, Accord, MA
02018.

FREE importer accessories catalog, video audio,
others. With business card write, 177 BANNER
COURT, East Brunswick, NJ 08816.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

16 (545.60) 17 ($48.45) 18 ($51.30) 19 ($54.15) 20 ($57.00)

21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71.25)

26 (374.10) 27 ($76.95) 28 ($79.80) 29 ($82.65) 30 ($85.50)

31 ($88.35) 32 ($91.10) 33 ($94.05) 34 ($96.90) 35 ($99.75)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Card Number Expiration Date

/

Please Print Name Signature

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
§2.85 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 50¢
per word additional (20% premium). Entire ad in boldface, add 20% premium to total price. TINT
SCREEN BEHIND ENTIRE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% Rremium to total price. EXPANDED TYPE AD: $4.30 per word
prepaid. All other items same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: add 25% Eremium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS: 1" x 2V4"—
$310.00; 2" » 2¥4"—$620.00; 3" x 21%"—$930.00. General Information: Frequency rates and prepayment
discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 12th of the third
month preceding the date of the issue. (i.e., August issue copy must be received by May 12th). When normal
closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working day.
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Govt. SURPLUS
ELECTRONIC
EQUIPMENT

CATALOG

New ITEMS . . . New BARGAINS!
FRE SEND TODAY FOR FREE COPY
OF CATALOG WS-85 AND
SUPPLEMENT e ADDRESS: DEPT RE

FAIR RADIO SALES
1016 E. EUREKA + Bax 1105 »

CABLE-TV source book—a complete listing of sup-
pliers for hard-to-find converters, descramblers,
technical information, schematics and much much
more. Full refund if not satisfied. Send $4.95 to
CABLE, Box 12505-R, Columbus, OH 43212,

LIMA, OHIO - 45802

MICROWONDERLAND. Commodore computer's
parts! KIM-1 computers, accessories! Thousands
IC's by mail! Free 64KDRAM sets! Discounts! Cata-
l0g—$3.00! K. BOUFAL—CONSULTING SER-
VICES, Fitzwater, Philadelphia, PA 19147, (215)
925-6469.

TECNICA 140/channel cable converter for fully re-
mote sound and video unit only 5149.00. Jerrold
LCC58 converter only $79.00. Jerrold DRZ450
converter 90/channel auto tuning only $79.00. All
units carry full manufacturer’s warranty.Specials
while they last. For catalog send $3.00 Thanks.
REDCOAT ELECTRONICS, P.O Box 28504, Ja-
maica, NY 11428. (718) 459-5088.

LINEAR parts, tubes, transisters—MRF454
$16.00, MRF455 $12.00, MRF477 $11.00, MRF492
$18.00. Catalog. RFPC, Box 700, San Marcos, CA
92069. (619) 744-0728.

SCHEMATICS: radio receivers 20's/60's. Send
brandname, model number, SASE. EARL
§CARAMELLA. Box 1, Woonsocket, Rl 02895-
001.

TEST equipment, reconditioned. For sale. $1.25 for
catalog. WALTER'S, 2697 Nickel, San Pablo, CA
94806. (415) 724-0587.

CATALOG TV descramblers, cable converters, mi-
crowave converters, satellite systems, many types,
kits or built. $1.00. MINUTE KITS, Box 531, West
S.Q. Bronx, NY 10461.

CABLE-TV converters—All major brands. Wireless
remates with volume, wired remotes. Cable and vid-
eo accessories. Cablemaster distributor. Lowest
prices. Ship C.0.D.. Catalogs $3.00, SONE ASSO-
CIATES, 5 Broadway, Suite 201, Troy, NY 12180.
(518) 274-0608.

WRITE FOR

7 MCGEE'S

SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
toll free 1-800-346- 2433 for ordering only.
1904 MCGEE STREET KANSAS CITY, MO. 64108

100W audio amplifier. Less cabinet and power
supply. $35 assembled. GIL ELECTRONICS, Box
1628, Soquel, CA 95073.

PRINTED-circuit artwork developed from your
schematics & packaging considerations. Profes-
sional, reasonable, fast! OEM inquiries invited!
PRINTED CONCEPTS, (414) 442-4548,

CABLE-TV filters for elimination of undesirable sig-
nals. (50 dB. notch) Channels available: 2 through 8:
14(A) through 20(l). Send $20.00 each. Money
back guarantee. Quantity discounts. CATV, Box
17621, Plantation, FL 33318.

BREAKING your windows may be burglars only
entrance into your vechicle with this security s
tem. Send $5.50 for plans A & A ENTERPRI
P.O. Box 6818, Biloxi, MS 39532.

SELL blank video cassettes. Super high
grade Olympia VHS T-120. Fully guaran-
teed. Only $3.49 your cost. Order in lots
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 value/quantity, ¥a watt $.01, ¥2
watt ($1.00 minimum). Quantity discounts, 1,000
plus. Send wattage(s), value(s), guntity(s), and re-
mittance, T.0.R.C.C.C. ELECTRONICS, Box
47148, Chicago, IL 60647, (312) 342-9171.

CABLE and Subscription TV secret manual. Build
your own descramblers, converters. Instructions,
schematics, for sinewave, inband/outband gated
sync, SSAVI—(HBO, Showtime, Cinemax, UHF,
etc.) Send $8.95 to CABLETRONICS, Box
30502R, Bethesda, MD 20814,

ADAPT any CRT tester to test all CRT's. Patented
kit w/sockets/manual. Money back guarantee.
Charge-cards/CODs. Phone today for fast ship-
ment. $59.95. 1-800-331-9658. DANDY ELEC-
TRONICS, 2323 Gibson, Muskogee, OK 74403.

GIANT electronics parts grab bag! $5 postpaid. All
new parts. Resistors, IC’s, caps, transistors, coils,
Zeners, etc. Prime qulity components!! Big assort-
ment. Money back guarantee! GE Ni-Cad sticks:
7.2VDC—1.2 AH. New! $6. Motorola full wave
bridge: MDAS20A7. Mini size. 1.5 amps 600 PIV.
Special: 2/$1 or 10/84 Postpaid. Write for new cata-
log. ODD BALL ELECTRONICS, P.O. Box 879,
Duncanville, TX 75138.

ELECTRONICS circuit analysis ero ram Com-
modore-64. Disk tape only $27.00. | Fg COMPUT-
ERCATIONS, Box 79, Farmington, CT 06032,

DESCRAMBLER plans. New design decodes
gated sync suppressed signals —newest pilotless
method. Circuit boards, most parts from Radio

2 Marlborough Road « W. Hempstead, N.Y. 11552

IN NEW YORK
1-800-632-3323

TOLL FREE
1-800-645-3516

CIRCLE 272 ON FREE INFORMATION CARD

CONSUMER
ELECTRONIC

CATALOG

Specializing in

SEMI-CONDUCTOR
AND

PARTS

ed for heavy use.

JAPANESE

PARTS

Call
or Write

MB

Now! A triple output
lab power supply
for $149 95.

For 5149.95, this lab quality power supply
gives you 3 completely isolated outputs: two
variable 1.5-20 VDC at 0.5 amp and a fixed 5
VDC at 1 amp — the same as the $300 units.

The MFJ-4002 Is American made and design-

You'll get plenty of voltage and current for
your analog and digital circuits. It's ideal for
education, circult design, product develop-
ment, testing, quality control and production.
You can connect the outputs In series or paral-
lel for higher voltage or current. It's short cir-
cuit protected, has excellent line regulation
(typically 0.01%/V) and load regulation (typi-
cally 0.1%). Two large 3 Inch precision meters,
monitor voltage and current simultaneously
and are lighted for easy reading. It's ruggedly
built with heavy guage aluminum so you'll get
many years of trouble free service. 12 x 3 x 6
inches. 110 VAC with 3 wire safety plug.

800-647-1800
Order from MFJ and try It. If not satisfied,
return within 30 days for refund (less shipping).
One year unconditional guarantee.
Order today. Call TOLL FREE 800-647-1800.
Charge VISA, MC or mail check, money order.

MFJ Enterprises, Inc.
921 Louisville Road
Starkville, MS 39759

One tree can make
3,000,000 matches.

One match can burn
3,000,000 trees.

CIRCLE 105 ON FREE INFORMATION CARD



Shack. Detailed theory, drawings, schematics, in-
structions $14.95 plus $2.00 shipping. DIRIJO
CORP,, Box 212, Lowell, NC 28098.

CIRCUIT boards: Your artwork, quick delivery, rea-
sonable. ATLAS CIRCUITS, Dept. A, P.O. Box 892,
Lincolnton, NC 28092. (704) 735-3943.

PICTURE flyer lists quality electronic surplus at low
prices. Since 1970. Send for the last 3 issues.
STARTRONICS, Box 683, McMinnville, OR 97128.

B MODIFIGATION

Increase channels, range, privacy! We specialize
in frequency expanders, speech processors, FM
converters, PLL & slider tricks, how-to books,
plans, kits. Expert mail-in repairs & conversions
16-page catalog $2

CBC INTERNATIONAL, P.O. BOX 31500RE,
PHOENIX, AZ 85046 (602) 996-8700

WHOLESALE audio, video, telephone accesso-
ries, antennas, cartridges. Free catalog. (718) 897-
05309. D & WR, 68-12 110 Street, Flushing, NY
11375.

CABLE and satellite equipment: Maé'or brands,
wholesale prices. Free catalog. HMR SALES, 221
East Camelback, Phoenix, 85012, (602) 993-

TI-99/4A software/hardware bargains. Hard-to-find
items. Huge selection. Fast service. Free catalog.
DYNA, Box 690, Hicksville, NY 11801.

PLANS AND KITS

CATALOG: Hobby/broadcasting/1750 meters/Ham/
CB: transmitters, amplifiers, antennas, scramblers,
bugging devices, more! PANAXIS, Box 130-F2, Par-
adise, CA 95969,

CABLE-TV Converters: Jerrold prod-
ucts include “new Jerrold Tri-Mode”,
S$B-3, Hamlin, Oak VN-12, M-35-B,
Zenith, and more. UHF Deluxe Il kits.
(Quantity discounts) 60 day warranty.
Repairs of cable converters. For fast
service C.0.D. orders accepted. Send
S.A.S.E. (60 cents postage), or call for
info., (312) 637-4408. HIGGINS ELEC-
TRONICS, 5143 W. Diversey, Chicago,
IL 60639. No lllinois orders accepted.

BUILD this five digit panel meter and squarewave
generator including an ohms, capacitance and fre-
quency meter. Detailed instructions $2.50. Refun-
dable plus 50 cents, BAGNALL ELECTRONICS,
179 May, Fairfield, CT 06430.

UHF gated-pulse descrambler plans with simu-
lated stereo output. Watch your favorite mavies with
the realism of stereo. Booklet contains detailed
schematics, instructions & theory. $12.00 DEL-
PHONE INDUSTRIES, Box 150, Elmont, NY 11003.

PROJECTION TV...convert your TV to project 7 foot
picture...results comparable to $2,500 proj-
ectors...total cost less than $30.00...plans and 3"
lens $19.95...illustrated information free. MAC-
ROCOMA-GE, Washington Crossing, PA 18977.
Creditcard orders 24 hours (215) 736-3979.

CRYSTAL radio sets, plans, parts, kits. Catalog
$1.00. MIDCO, 660 North Dixie Highway, Hol-
lywood, FL 33020.

HI-FI speaker kits, auto speaker systems and
speaker components from the world's finest man-
ufacturers, For beginners and audiophiles. Free lit-
erature. A & S SPEAKERS, Box 7462R, Denver,
CO 80207. (300) 399-8690.

UNCYPHERS American and Canadian satellite or
cable, latest technology available. Plans & boards.
Kits or complete. Send $5.00 for catalog. Refunda-
ble on order to PILGRIM VIDEO PRODUCTS, Box
203, Oak Street, Pembroke, MA 02359.

ROBOT control board. Build your own for under
$50.00. Let your computer control 8 lights, motors,
or appliances. ALEX HOCHHAUSL, 868 Park Ave.,
Huntington, NY 11743.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

CABLE-TV
|

DEALER
ITEM 10-UNIT
PRICE

RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) X 18.00 ea.
PIONEER WIRELESS CONVERTER (OUR BEST BUY) . 72.00 ea.
LCC-58 WIRELESS CONVERTER : 76.00 ea.
JERROLD 450 WIRELESS CONVERTER (CH. 3 OUTPUT ONLY) Q 90.00 ea.
SB ADD-ON UNIT ; 58.00 ea.
BRAND NEW — TRIMODE UNIT FOR JERROLDS Call for specifics
MINICODE (N-12) 10995 | 58.00 ea.
MINICODE (N-12) VARISYNC 119.95 | 62.00 ea.
MINICODE VARISYNC W/AUTO ON-OFF 179.95 |115.00 ea.
M-35 B (CH. 3 OUTPUT ONLY) 139.95 | 70.00 ea.
M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY) 199.95 |125.00 ea.
MLD-1200-3 (CALL IF CH. 2 QUTPUT) 109.95 | 58.00 ea.
INTERFERENCE FILTERS — CH. 3 2495 | 14.00 ea.
JERROLD 400 OR 450 REMOTE CONTROLLER 29.95 18.00 ea.
ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UNITS) | 22500 |185.00 ea.
SPECIFY CHANNEL 2 or 3 OUTPUT Other products available — Please Call

Output

| Quantity Channel

California Penal Code #593-D forbids us ___SUBTOTAL
from shipping any cable descrambling unit Shipping Adq
to anyone residing in the state of California. $3.00 per unit
COD & Credit
Cards — Add 5%

PLEASE PRINT TOTAL

Name ____

Prices subject to change without notice,

Address _____ City

State_ Fip.  Phone Number ( ) ==t
[J Cashier's Check [J Money Order O CoD [ Visa ] Mastercard
Acct # Exp. Date

Signature

FOR OUR RECORDS:

DECLARATION OF AUTHORIZED USE — |, the undersigned, do hereby declare under
penalty of perjury thatall products purchased, now and in the future, will only be used on cable
TV systems with proper authorization from local officials or cable company officials in
accordance with all applicable federal and state laws.

Dated: Signed:

Pacific Cable Company, Inc.

7325 RESEDA BLVD., DEPT. #10 + RESEDA, CA 91335
(818) 716-5914 = No Collect Calls * (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please have the make and model # of the equipment used in your area. Thank You

9861 AHvNHa3d

1

o,
-



SATELLITE TELEVISION

BUILD your own Satellite-TV receiving system
and save! Instruction manuals, schematics, cir-
cuit boards, parts kits! Send stamped envelope
for complete product listing: XANDI, Box 25647,
Dept. 21X, Tempe, AZ 85282.

SATELLITE systems $4489. Name brands. Quantity
discounts. Information $1.00. Catalog $2.00. STAR-
LINK, INC., 2603-16R Artie, Huntsville, AL, 35805.

ENJOY satellite television. Save money with easy,
guaranteed, do-it-yourself antenna plans/kits. Com-
plete systems also available from Uniden, Raydx &
Winegard. Send $1.00 for catalog or $8.95 for “Con-
sumer Guide to Satellite Television."GFI-54, Box
9108, Missoula, MT 59807.

DON'T trade in old satellite-TV receiver to get re-
mote control. Channel Wizard® remotely controls
tuning, polarity, and connects from outside satellite
receiver. IR version including transmitter, $69.00 as-
sembled, $39.00 kit. Wired version $39.00 as-
sembled; $24.95 kit. Add $2.00 shipping. Specify
PRI or PRII. Send M.O. or cashier's check to: OR-
ANGEBURG TECHNOLOGIES, INC., 1830 Five
Chop Rd., Orangeburg, SC 29115. Send self-ad-
dressed stamped envelope for info.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

SUPER LNA kits, dx TV preamps, microwave com-
ponents, IR detectors. LSI, Box 7553, Jackson, MS
39204,

SPECIAL-satellite receivers, Uniden 1000 only
$279.00, owners manual included; great for updat-
ing your older system. Certified check/money order.
LEE’S TV, Box 234, Syracuse, KS 67878.

THE next generation of satellite systems is here!
Popular Echostar system, scramble-ready. $599.00
complete! With installation guide. VISA/Mastercard.
2002 INNOVIA, INC., Box 2002, Gardnerville, NV
89410. (B0O) 628-2828 ext. 519.

THE LNA specialists! Brand name, lowest noise,
lowest prices! We will not be undersold! Send for
prices: LNA, 201 E Southern, Suite 100, Tempe AZ
85282,

E-Z Satellite Kit™. Complete satellite system
$995.00 and $1995.00 computer print-out of your
location $9.95. MasterCard/VISA. IN-X-SALES,
Box 45, Tilton, NH 03276. (603) 286-3082.

SATELLITE TV VIEWERS
Get the mc>st complete weekly listings
d $1 for sample copy. .

P.0. Box 308E, Fortuna, California 95540
800-358-9997 (U.5.) » 800-556-8787 (Callf.)
707-725-2476 (all others)

————
THE BEST PLACE to BUY, SELL or
TRADE MEW and USED EQUIPMENT

NUTS & VOLTS MAGAZINE

NS & vours

HAM GEAR

BUSINESS OPPORTUNITIES

MECHANICALLY inclined individuals desiring
ownership of small electronics manufacturing busi-
ness—without investment. Write: BUSINESSES,
92-R, Brighton 11th, Brooklyn, NY 11235.

RECOVER pure gold from old circuit boards, com-
puters, electronic junk. Easy method. Send $5.00
RECYCLING, Box 11216R, Reno, NV 89510-1216.

PROJECTION TV..make $$%$s assembling proj-
ectors...easy...results comparable to $2,500 proj-
ectors...your total cost less than $20.00...plans, 8
lens & dealers information $17.50...illustrated infor-
mation free...MACROMA-GFX Washington Cross-
ing, PA 18977. Creditcard orders 24 hours (215)
736-2880.

YOUR own radio station! AM, FM, TV, Cable. Li-
censed/unlicensed. BROADCASTING, Box 130-
F2, Paradise, CA 95969.

ELECTRONIC

BIG
ASSEMBLY BUSINESS

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assem-
bling electronic devices. Sales handled by profes-
sionals. Unusual business opportunity.

FREE: Complete illustrated literature
BARTA. RE-O Box 248
Walnut Creek, Calif, 94597

BOX I111-E = PLACENTIA, CA 92670 SOFTWARE
(714) 6327721 Sl oncs
Join Tt ds of Readers Mati CKOWAY
Every Month i AUDID VISUAL
ONE YEAR U.5. SUBSCRIPTIONS EN PRODLICT,

510.00 - 3rd Class * §15.00 - Ist Class

PLANS « SERVICES

T
@B 535.00 - Lifetime - 3rd Class iy
|

Save hundreds of §. Install your own satellite sys-
tem. Complete instruction includes installation and
tuning $9.95. Catalog of satellite systems and ac-
cessories. Top brand, low prices. $5.00 B & T
ELECTRONICS, Box 3156 Grand Rapids, MI
49501,

LOST

INVENTORS

INVENTORS can you profit from your idea? Call
AMERICAN INVENTORS CORPORATION for free
information , Over a decade of service.
1-800-338-5656. In Massachusetts call (413)
568-3753.

LOST! One 24-hour, 24-karat golden day. Each hour
studded with 60 diamond minutes. Each minute
studded with 60 ruby seconds. But don't bother to
look for it. It's gone forever. That wonderful Yqolden
day that | lost today—DENNIS E. WAITLE

VIDEOTAPES CONVERSION

OVERSEAS videotapes to American, viceversa.
Dual system videos, televisions, discounted. AP-
PLE, Box 642, NY 11377. (718) 507-5800.

.33uf 100V Dip Mylar

Chip Caps-Set of 4, 2 Each 2.7 & 3. 3p4 1.00

745C374-D Type Flip-Flop, Non/Inv
74S5C533-Transparent Latch-Inverted

. 10/1.00
1,000 PC Resistor Ass't [30 values) 1/2W-33
Pols-1 Meg, Linear Taper...........
Mation Delector Bds (| r|c IC-52) ... 7/10.00
Mot Det (IC Onhy-ULN22324) 3/$2-20/1 0 00
Project Box/Lid For Detector.. .. .. 5
Miniature Speaker For Detector .. ..
Extensive Construction Aicle For Det, $1
TYKnobe: .. 15/1.00
Arnmeter 0-15 AC. Amperes) . . 4.95
Volt/OH Meter MVMNT [0-1 K OHM,

0-300 2.9

T745C534-D Type Flip-Flop, Inverted
745C540-Octal Buffer/Line Driver-Inv
745C541-Octal Buffer/Line Driver-N/|
74SC563- Transparent Latch, Inverted
T45C564-D Type Flip-Flop. Inverted
745C573-Transparent Latch, Non/lnv
745C574-D Type Flip-Flop. Mon/Inv
Data Book For All Above #'s.

Cypher IV Micro-Controller Kit- $129.50
i g *4 MHz, 8-8it M-croprocessor

15 Pin Header & Mating Socket,
Vert MT/PC
156" Centers

Crystal Clock Oscillator.”..... ..., S0 IC Socket GV Miniature Gear Motor, ..+ 5 INAT 1NS807
3,300uF 35V AXIALA V2" 78 BPIN.OT 14 F'?:U.l:'i RS RE gh%llmi'iél %I hsﬂ 2;!’:.&2uh 12un}-_|1%.:11 % . Conlr§1 Ba(s)lc InlelDreAe-rPOn CI‘aD
o B i in Flat Cable Socket Connector/Ho = Auto-Start Operation At Power-On

grot:i:ctFo'I[okH;‘ims _IE_Juc ;'2F031 ?‘?’mﬂ 18 PIN/ .17 20 PIN/ .19 22 PIN/ .21 50 Pin Flat Cable Socket Connector/Hood .50 » Fast 16-Bit Multiply And Divide
& L2 ((071uH) Complete’ Set 24 PIN/.22 = 2B PIN/.24 40 PIN/.39 74 Pin Dip Header PlugMate (3M) . 3100 | «RS:232. Supports GRT & Serial Link

S coi 7 Segment Display( 3" Comman Cath) 15 Mixed Connector Ass? ....... ... 10/1.00 = 24 Bi-Directional 1/O Lines (8255A1
MC13 ao— Mo 7 Segment Display(.6" CommonAnn) .. 65 1.5AMP S0V Bridge gl TO5Pkg).. .. .50 [ »RAM Memory-2K Expandable To 16K
BFQ-85 Transistor et LD Biiiusad Lens, Prica 30 | 28AMP20OVBndge(SolderLugTermy 150 |« Eorom Memory-Expandable To 16K
Disc Caps .001uf . 4 Zenith TV Replacement IC ial$1 Each « Built In Eprom Programmer

All 100% Prime-15/%1,100/56, 1,000/$57 .50
LED Mounting Clips & Rings_ ... 15/1.00
Texas Inst/#5944 K noard-lnuDa!a For
Pins Made When Each Key Depressed . 495

Dip Swilch-12 Position. .. .. i 2/1.00

221-42, 221-43, 221-45, 221-48, 221-69,
221-79,221-87, 221- -96, 221-104,221- 105,
221 106 221-140

Horiz Output W/Damper Diode)-2.95
ZSCH? B (Toshit-Honz Qutput Trans)-1.95 AslLow As$2.95 +

74123-Prime (Nat
470Quf 35V (Rad:al) .
470ul 16V [Axial) .
2N3904 ...

= Parr (Centronix) Printer Interface
+ Optional Real-Time Clock W/Backup

e
Pay TV Hardware Installation Kit Blow Out

.50 s:hippln? Per Unll
Dip Switch-8 Position. .. .. 4/1.00 Winegard 4 Bay Bowtie UHF Antenna-19.50 All Kits Contain 5 F Connectors. 300 1o 7
Keyboard Push Button Tops 30/1.00 [C Storage (Bug) Box (Holds) 30 IC's-1.75 OHM Balun ZOOOHM Term-nal Block 2 Ft
----- R Audio Cable, ....30 Feel/1.00 Precision }j IRTurn} Trim Pott Co 75 OHM Patch Cord 2 F1.300 OHM Twin L ead.
N B an p iode) 22&% Wire | 50 Feel/1.00 100 OHM, 500 OHM 1K, 2K. 5 & 5’& Nylon Cable Ties, And UHF Antenna
¥B1[§g;82?1g¥gég’§ rime T 27 AWG Wire . .50 FaeIH 00 50K, 100K, 200K, 500K, 1M-. 35 Each-G.n’SZ odel #4124-82.95 Includes All Of

Mini Lubricator (& Lubricant} ,

12-Mix or Match-3/1 00 | le And
MucalnsUIatorsFol TO-220 P 20/1) Molex Pins (7 PinyStrip| 100/52.500/$4 1K.-'$B Piher PT- ’%l VHor Mt{Sl le Tum) Trimmaers Tne Above Plus 25 Feet Coaxial Cable An

100 OHM, 1K, 10 Mounting Hardware For Indoor Wall/Ceilin
Volt /s (Unmarked, 60% Prime) Mg& Clock Module-Crystal Controlled, Green Heat sﬂ':-'.",m'&e SWthhﬁ‘so ré'l KIOJ?{&'I} |ng|":;|'|:|'%n firrind Rn
I 5 el e b T ] Display/12VDC/Time Set Switches/Data-4.95 Wl Mixed Coil Asst ..., 10/1.00 | Model #4880-52.95 Includes All Of
P?Jléozggg tage Reg M106.TO-9’2].§$:.33 Rotary Switch (5 Position, 5A 125W)-3/1.00 BUZZEIS .........0.oenss .3/1.00 The Above Plus 25 Feet Coaxial Cable And
2 |

Chip Resistor (6.8K] .

Attractive Expandable Pole/lJ-Boll For
Chip Resistar (4T0K) ..

Giant Alprn umeric Display 1- 1,*2 b
otal) .20/1.00 Easy Indoor Instaliation

7)(5 [gs Red LED Matrix/Specs-4.95

a0
20/1.00

Bar Graph Displa 23}4 Rect Ch CapI330pN .. i i b 20, Model #4845-53.95 Includes All Of
LED&‘SWC'II}‘“ G”".r mbj ,5 s Fg[ O WiBLiit In Hemstor-:iro,rs] The Above Plus 65 Feel Coaxial Cable And
74126 ms“'reusm{ pgod1 aﬁrﬁslotsw;n:aggg Mﬂpgmmum de-60% All Necessary U-Bolt Hardware | |
74163 Wall Pl 'I'ransformer .24V 525ma° 150 IC Ass't(Hobby Grade, Some Markacﬂ—BOIS'l T
74365 B3V 1.2A Translormer ik 1 MODEL 705 Diglta Multimeter
12V Conter Tap Transformer . 250 fl 20Cent(.20) 74SCXX | cree————
:‘;4:?.“” 75 P:“IEJ;I.LSKK SRM V Bridge, Quick ﬂlsoclnnect [GI] 9(5) S ¥ S ec i al DG Veltage 1004V to 1000V
- 13 AC Voltage 100uY to TSIV
741502 74L832 74L5158 1N5059 {200V 1 Amy 15!1.00 eries p DC Currant Q1A 0 10A 351 95
74LS08 T4LST4 7415174 | 1N5060 (400V 1 Am) 10/1.00 + Octal Interface Circuits AC Current .14 10 10A
74LS10 740586 7405257 || Zener Diodes-20V 1 30/100 * Equivalent To 74LSXX Serle i dcechite A N
74L520 7415153 7403353 | Zener Diadessov 1w Glass. 30/1.00 * Low Power ISO-CMOS T-chnolow Diode Test Toraiand eliias st
20 Cent |.20%P.r IC CMOS 25600KC Crystal . ... ... 50 + Short Propagation Delay Hre tost [y il
40018 4011B, 40508, 40518 357954509Ior3ur51cwmllﬂc 18} 50 * Improved Noise Margins
2] Hé‘oc o 'H 'ts’ 2-6F1 o PJSpecm” % ég ﬁﬂ’ gw al ‘a2 748 IE?G%“1"5F§' |smﬁs:|':':mecmc.pfbrmnwa
1ol alot[ 11G2-6PIN DI s .. 40 r sial 1.95 nverte er, Latches ” .
O Eprom 1.45 1{8? SHﬁal g.ksnaamr E: 10;1 oo 74 % 3-1 gg lnver‘leg Dscger m;e:r;ltém lr‘l;‘éqlio Electronics March/
= 1.95 2al Sinks {Bern| 745C139-1 nverte lecoder
% 2;g %Bl:esr ?r&ml‘tgc}oumlc Caps IAII 100\3 ;: g £ Zv: 0?!6 8 Non-inverted, Latched This i oh ax pre:
e . o amp can a more than 25 dB of gain lD
o 256K Dram 150ns Prime Hitachi (Ideal For | 0022uf 100V (182 301" 00 743G239-1 Of 4 Non yonﬁ system, Lots of satisfied cusFomm
= Macl deshE: Pr . 4.95 0027ut 100V 2?2{ 30/1.00 745G240-Octal Bufler}Llna Dll.ver Inv e i
O 8343 (110 Expander 10) W/'S olects)... 382 | .co3auf 100v(332) 30/1.00 745C241-Octal Buffer/Line Driver-N/| and epeal %’e""‘“}f‘” thisihigh Quasty il
...... 8 & 5 which includes all component paris.
i tener ey bheriCioncs gt | g g | jascuoca oy, Case Fows Susoyand lon 34,20
(T} eN o, |53".'(')"sup,eq DvalocklOSoecs— 0082ul 100V (822} ..... ... ..30/1.00 C373-Transoarent Latch-Non/Inv Assembled Version.............. $57.50
c‘) UCN 4&01 18 Chan BrMos La!ch.-’DrlvarH oo 3??' Ur' ;&" II_-vtar: Radial) ; go# 1.00
Q Lmaommzzso: el [l bl S Torms: MICRO-MART accepts Visa, MC and telephone COD's. Minimum order $10.00. Shipping—-
?( e “4/1.00 | 3200uf 50V (Igeal For PO“, Supp 30 U.S. orders, $2.00. Canada and other countries $3.50 (includes ins.). Shipping rate adjusted where
< Nsrbss kDuaI imer-Mota) saﬁ?os\gvzav C(Ial:p Grade 3-5/8" K'I] 3/1.00 applicable. NJ residents add 8% sales lax.
741 mi . 4/1.00 u onolithics ... ... 10/1.00
LM F10 Tmarked, Tested Prime ‘07 uT 50V Monolthies 000 MICRO-MART o 508 CENTRAL AVE., WESTFIELD, NJ 07080 o (201) 654-8008
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Radioe fhaek Paris Plaee’

OVER 1000 ITEMS IN STOCK AT OUR STORE NEAR YOU!

(1) Plug-in PC Boards (4.,

giiﬂﬁqﬂ ” ﬂﬂﬂﬂr\r‘ingi iI

®)

(1) 44-Position Card-Edge Socket. Acceprs plug :n PC
boards below. #276-1551

(2) Piuq -In Board With RS 232 Ports Ideal for compu!er
projects! Predrilled to accept two PC-type RS-232 connec-
lors (such as RS #276-1521). 4%/1s x 5%/1s" Two buses, 1020
holes in DIP pattern. #276-187 3.99

(3) Mul!i -Purpose Plug-In Board. 41/2 x 4" with /18" gnds

Thrse Valtage Source Bowd Three-bus version of an 3
#276-154 . 2.99
(4) Jumbo Two Hus Board an xg‘m Accep!s up to 24
16-pin DIP sockets with plenty of room for discrete compo-
nents. Two buses. #276-190 . ................... 5.95
Jumbo IC/Discrete Board. Like F|g 4 but accepls up to 40
16-pin DIPs. Single bus. #276-191 . . 5.95

New “"Hot-Line” Service

Radio Shack
Can Replace
Almost Any
IC or
Semiconductor

More Than
200,000 ¥
Substitutions |

No Minimum Order m No Postage Chargé

If the IC or semiconductor you need is not part of
our regular stock, our store manager will check our
new in-store substitution guide and special-order a
replacement from our warehouse. Your order will
be sent ASAP to your Radio Shack store. We also
offer this convenient service on selected tubes,
crystals, phono cartridges and styli.

Improve Your Project!

5 Everyday
®) LOW
Prices!

(5) 120 VAC Cooling Fan. Ideal for comput-
ers, hi-fi, Ham equipment. Up to 65 CFM. 11
watts, 41116 x 41116 x 21/2" #273-241 . 15.95
(6) Panel Voltmeter. 0-15 VDC. Perfect for
monitoring car electrical system or a power
supply. 23/sx 21/a x 11/4" #270-1754 . 7.95

(7) Two-Tone Piezo Buzzer. 100 dB minimum
sound pressure level! 8-16 VDC. 23/s" mount-
ing hole centers. #273-070 .......... 8.95

s JOIn the Resistance

(8) 15-Turn PC-Mount Potentiomers. 3/s-watt. 10%
tolerance. For critical fine-control and trimming.

Ohms Cat. No. Only
1000 271-342 1.49
10k 271-343 1.49
20k 271-340 1.49

(9) 50 Metal-Film Resistors. 1% tolerance. /s-watl.
Assortment includes 12 popular values ranging from
10 ohms to one megohm. #271-309 Pkg. of 50, 2.49

Semiconductor Reference
And Substitution Guide

New 1986
Edition

Complete data on
Radio Shack ICs,
SCRs, LEDs, diodes
and optos. Plus “sub”
listings for over 80,000
semi types. Over 270
pages.

#276-4009

Low-Cost “Insurance”
an (12)

e, £
(10)
(10) Heavy-Duty Metal Oxide Varlslor Diverts
power-line voltage “spikes’ #276-568 . -1.69
(11) Gas Discharge Tube. #270-811 ... .2,49

(12) Thermal Fuses. Used in coﬂee-makers and
other heating devices. Rated 240 VAC, 10 amps.

Breaks Circuit at Cat. No. Each
139° C 270-1320 79
226° C 270-1321 79

Ready-to-Mount LEDs
(13)

(13) Two-Color. Provides red
and green output. A great
mode or status indicator.
(14) Mounts in a 3/g"-dia. hole.
#27B-026 . .. oia 1.49
L‘ﬂi] Snap-ins. Red output.
ount instantly in S/16” holes.

= #276-018 .. ... Pkg. of 2/1.79

-5

Big value in a small, rugged plastic enclosure.
13/18 x 37/16 x 25/16". Includes PC board with 483
DIP-spaced holes, two labels, hardware, snap-in
rubber feet. #270-291 2.99

64K Dynamic RAM

only Super
g5 Quality
Each

4164. Popular standard memory chip with 150
ns access. Low-power design. Now's the time
to upgrade your computer! #276-2506

Capacitor Assortments
(15) 100 Disc Capacitors. In-
cludes NPOs, Hi-Qs, N-750s,

(?ﬁ I
/ Mylar and ceramic types. P‘og
@zjl ular values, up to 1000 WVD
)
ular values and sizes, up to 50

#272-801 1.98
=
WVDC. #272-802 ......1.98

DC Hobby Motors

129

Pkg. of 2

dmemsl

Just right for model-
making, solar power
and robotics experi-
ments, or rainy day fun for the
kids! Require 1.5t0 3VDC. Ap-
prox. 13/4" long x7/e" diam- -
eter. #273-205 -

/” A BONANZA OF SPECIAL-PURCHASE BARGAINS!

Prewired TV RF Modulator

Ea—

only
Ideal for use with
computers, sat- 495
ellite receivers,
ATV, even cus-
tom datacom systems and
experiments (see 9/85 is-
sue of Modern Electron-
ics, page 53). #277-1015

(16) 20 Electrolytic Capaci-

tors. Minis and subminis. Pop-
Switch Super-vValues

(17)

(17) Lighted SPST Toggle.

For 12 VDC use only, rated 5

amps. Mounts in 7he"-dia.

hole. #275-680 ........ 2.59

(18) Flatted Lever Switches.
Rated 6 amps at 125 VAC.

(18) SPDT. #275635 ....... 2.39
: DPDT. #275-636 ....... 2.69
DPDT  Momentary.  With

spring return to center “off” po-
sition. #275-637 .B9

Prewired Clock Module

MA3003D-2. Fluorescent display with '/4"-high
digits is easy to read, night or day. Perfect for
@clas or your own custom application—requires

12 VDC. 13/sx 21/a x 11/2" With data. #277-1021

Computer Keyboard

Very high-quality full-stroke matrix-output
board with standard “"QWERTY" layout
plus cursor arrows, word processing and
numbered funtions—total of 75 keys. Origi-
nally produced for a computer system. 21-
position ribbon cable connector. #277-1020 /

Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips,

Connectors, Fuses, Hardware, |

s, Jacks, Knobs, Lamps, Multitesters, P

Baards Plugs, Rectifi-

ers, Relays, Resistors, Switches, Tools, Transformers Transistors, wire Zener Dlodes, and more!
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RADIO-ELECTRONICS
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P T oMo >r-

PERSONAL DEFENSE AND PROPERTY PROTECTION|
UTILIZE SPACE AGE TECHNOLOGY.

CAUTION THESE DEVICES CAN BE HAZARDOUS AND MAY SOON,
BE ILLEGAL.

POCKET PAIN FIELD GENERATOH — PG50

PG .Plan: .00 IPC 1/
PHASOR PAIN FIELD CROWD CONTROLLER — PPF10
Assembled.... .§250
PPF1.......Pla 500 P
BLASTER - Provides a plasma dischar
acan. Produces a 100,000 WATT PULSE.
BLS10 ... ... ASSEMBLED .
BLS1 . PLANS ..$10.00 BLS1K .. KTI/PLANS .. $69.50
PLASMA STUN GUN - Very intimidating and affective 5 to 10
feet 100,000 VOLTS
TR0 ASSEMBLED. ... ....svvi $99.50
.. PLANS . .$10.00 ITMIK .. KIT/PLANS .. $69.50
RUBY LASER RAY GUN — Intense visible red beam burns and
welds hardest of metals. MAY BE HAZARDOUS.
RUB3AIl Parts Available for Completing Device320.00
CARBON DIOXIDE BURNING, CUTTING LASER — Pro-
duces a continuous beam of high energy. MAY BE HAZARDOUS.
LC5._All Parts Available for Completing Device. 520,00
VISIBLE LASERLIGHT GUN — produces intense red beam for
sighting, spotting, etc. Hand held complete
LGU3. Plans..$10.00 (Kit & A bled Units Availabl
IR PULSED LASER RIFLE — Produces 15-30 watt infra- red
pulses at 200-2000 per sec.
LRG3.........._All Parts & Diodes Available..........$10.00
BEGINNERS LOW POWER VISIBLE LASER — Choice of
red, yellow, green — provides an excellent source of monochromatic

PWMSO0 ....... Assembled and Tested ....... $16!

light.

LHC2........Plans........$5.00 LHC2K........ Kit........ $34.50
SNOOPER PHONE — Allows user to call his premises and listen
in without phone ever nnglng

SNP20... Assembled.......... ...$89.50
SNP2.......Plans.....$9.00 SNP2K.... Plans/Kit .. $59.50

LONG RANGE WIFIELESS MIKE — Miniature device clearly
transmits well over one mile. Supsl sensitive, powerful
FT1...... Plans.......57.00 MFT1K.... Plans/Kit..... $49.50

WIRELESS TELEPHONE TRANSMITTER — Transmits both
sides of phone l:om'ersalmn over one mile, shuts off automatically.
VWPMS ... Plan: .$8.00 VWPMSK ... Plans/Kit...$39.50
PWM5—LONG RANGE SUPER EAR WITH WIRELESS
ATTACHMENT

PWMS .. Plans...$10.00 PWMS5K..Kit. 9139 50
Our phone is open far orders anytime. Technicians are aua||ahle 9 1 1
a.m., Man-Thurs for those needing assistance or information. Send
$§1.00 for catalog of hundreds more similar devices. Send check, cash,
MO, Visa, MC,COD to: INFORMATION UNLIMITED
DEPTRB P 0. Box 716. Amherst, N. H. 03031 Tel:: 603-673-4730
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EDUCATION & INSTRUCTION

PRINTED-CIRCUIT BOARDS

F.C.C. Commercial General Radiotelephone Li-
cense. Electronics home study. Fast, inexpensive!
"Free" details. COMMAND, D-176, Box 2223, San
Francisco, CA 94126,

2600—worlds largest Phreak/Hack'telcom/com-
puter security newsletter. $12.00—year, $20.00—
overseas. 2600, Box 752, Middle-Isle, NY 11953-
0752. $1.00 for sample.

Communicate around the world! Get your "HAM"
radio license and call sign. Complete novice kit
includes actual FCC questions and answers, cas-
sette, manual, etc. $14.95. SPI-RO, Box 400-B, Flat
Rock, NC 28731.

FREE EVALUATION

and ADVISORY SERVIGE

For professional electronic techniclans
by prestigious non-profit organization.
Earn University Degree (Bachelors or
Masters) through Home Study! Credit
given for previous schooling and
professional eernence U?grade your
o SRCeT earning power. Free Details!
CONTINENTAL EOUCATION ASSOCIATES

ORGANIZATION  p.g, Box 1197 - Champlain, NY 12919-1197

WANTED

RADIO tubes: 2A3, 45's, 50's, 211, 845. Western
Electric tubes, amps, drivers, horns, speakers.
DAVID, P.O. Box 832, Monterey Park, CA 91754,
Tel: (818) 576-2642.

INVENTIONS, ideas, new products wanted! Pre-
sentation to industry. National exposition. Call
1-800-528-6050. Canada, 1-800-528-6060. X831.

INVENTORS! AIM wants—ideas, inventions, new
products, improvements on existing products. We
present ideas to manufacturers. Confidentiality
guaranteed. Call Toll Free 1-800-225-5800 for infor-
mation kit.

PRINTED-circuit boards. Quick prototypes, pro-
duction, design, reflow solder. Send print or
description for quote to KIT CIRCUITS, Box 235,
Clawson, MI 48017,

CABLE-TV

DEALERS wanted: Channel 2, 3, and 4 notch fil-
ters. Money back guarantee. Send $15.00 for
sample and quantity price list. Specify channel(s).
GARY KURTZ, P.O. Box 291394, Davie, FL 33329.

DO-IT-YOURSELF TV REPAIR

NEW...repair any TV ...easy. Anyone can do it.
Write, RESEARCH, Rt 3, Box 601BR, Colville, WA
99114,

REEL-TO-REEL TAPES

Ampex professional series open reel tape. 1800 or
2400-feet on 7-inch reels, used once. Case of 40,
$45.00. 10% x 3600 feet and cassettes available.
MasterCard/Visa. VALTECH ELECTRONICS, Box
6-RE. Richboro, PA 18954, (215) 322-4866.

PRINTED-CIRCUIT BOARDS

CIRCUIT Boards, guaranteed lowest quotes and
free twelve hour prototypes. Single and double
sided boards. Small through large production quan-
tities. Send specifications—T.0.R.C.C. ELEC-
TRONICS, Box 47148, Chicago, IL 60647. (312)
342-9171.

BATTERIES

NICAD batteries and packs for radios, computers,
toys, telephones. Major brand distributor and fab-
ricator. 5.A.S.E. for flyers. LYNNTRON, 6248 N. 43,
Glendale, AZ 85301.

—h
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WM. B. ALLEN SUPPLY COMPANY

OPEN SATURDAYS 8 A.M. TO 1 P.M. WITH 24 HOUR ANSWERING TO TAKE YOUR ORDER ANYTIME

TEST EQUIPMENT SPECIALS

V-650F
60MHz ¢ Dual Trace
Delayed Sweep

V-222

6" CRT

Reg. $1195

$896

Reg. $715

20MHz * Dual Trace

SAVE ON

V-1050F
100MHz » Quad Trace
Delayed Sweep

HITACHI

OSCILLOSCOPES

C 20MHz = Dual Trace

'. N
.h o
. .U,

Reg. $615

$430

Reg. $925

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

V-1100

100MHz » Quad Trace
CRT Readout = 1mV
6" PDA-CRT

Reg. $2490

$2260

V-1070
100MHz = Quad Trace
CRT Readout

s _'6"_PDA-CRT

Reg. $2295
$1532

800 535-9593

COMPLETE INVENTORY OF MULTIMETERS
AND SCOPES FROM 18 MANUFACTURERS

Reg. $1595
$1196

V-6041
40MHz/2 Channels = 4000
Words Per Channel

Reg. $5855

$5311

S




TEN

THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT

&9

L]
TENMAR 35 MHZ Dual Trace
Oscilloscope
® Two high quality 10:1 probes included

® For additional specifications see MCM
Catalog #11

#72-330

$56900
H

TENVAR
Autoranging
Digital Multimeter

m 3% digit m Auto polarity m Low battery indicator
®m 10 amp AC-DC current m Continuity buzzer m 2%"
x 5%" x 1%" m Carrying case included

#72-058 $49 80 (1-4) 1

s44% |

L YARRANTY
TENMA® Combination Function
Generator and Frequency Counter
m 6 digit display m Output range: .2Hz to 2MHz seven
ranges m Counter range .1Hz to 10MHz m 5-15 volt
TTL and CMOS output m Wave forms: sine, triangle,
square, pulse, and ramp

1|

#72-380

$21990 &,

AUTONANIE DWW

TENMA® Frequency Counter
= 8 digit LED display m Measurement range: §
1HZ - 120MHz m High input sensilivity of

618995

MCM ELECTRONICS

858 E. Congress Park Dr,

I.IMITEB |

(5131434-0031

SOURCE NO. RE-17

l‘ 20 MHZ Dual Trace
Oscnlloscope
= Two high quality 10:1 probes included
m For additional specifications see MCM

Catalog #11 TENMAR Rotary
#72-320 Cap——— Dial DMM
2 = 3% digit LCD display m Rotary dial for

rapid selection of functions and ranges
m 20 amp AC-DC current m .10hm reso-
lution m Carrying case included

#72-075 $44 80 (ea)

$41%,

5389% 5

1

LIMITED |
WARRANTY |

TENMAR
Drop Proof
Digital Multimeter

m DC input impedance 10Mohm m Shock-mounted
LCD display m Overload prctection ® Auto polarity
#72-057

3299

, I

YEAR
LIMITED

fannae )

|
m Measures inductance, capacitance and
resistance m L =1 micro H to 200H,

C =.1pF to 200 micro F, R = .01ohm to
20Mohm m Carrying case mcluded

#72-370

$1 49 (ea) ;"”L;‘:%:?“}

For Your FREE
f Catalog!
Over 6,000 Items!

We also have ... a full line of test equip-
ment, computer accessories, telephone
Sl é’r"s"{g“f" order. §1.00 charge for orders accessories, speakers, television parts,

*$20 minimum charge card order flybacks, yokes, switches, fuses, lamps,

« Orders shipped UPS C.0.0. i i i i
» Most orders shipped within 24 hours, capacitors, resistors, cartridges, styli,
» Sales office open 8:30 am to 7:00 pm Saturdays

10:00 am to 3 pm EST.

Terms:

Cantarvile. Dhio 45458.4072 wire, CATV equipment, the largest selec- m
: = For prepaid orders add $2.75 for shipping and tion of origina! Japanese semiconduc- o

handling. tors in the country and more. D

» Should shipping and handling charges exceed <

$2.75, the balance due will be sent C.0.D. >

o]

_(

CALL TOLL FREE 1-800-543-4330 g

In Ohio 1-800-726-4315 ¢ In Alaska and Hawaii 1-800-858-1849 2
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| ELECTRONICS |

Commodore” Accessories

RS232 Adapter
for VIC-20 and
Commodore 64

ion of dard serial RS232
printers, modems, etc. to your VIC-20 and C-64. A 4-pole
switch allows the inversion of the & control lines. Com-
plete i and

* Plugs into User Port + Provides Standard RS232 signal
levels - Uses 6 signals (Transmit, Receive, Clear to Send,
Request to Send, Data Terminal Ready, Data Set Ready).

JE232CM . $39.95

VOICE SYNTHESIZER
FOR COMMODORE VIC-20 AND C-64
Plug-In — Talking in Minutes!
JES520CM. . .... e 39995
300 BAUD AUTO MODEM
Mitey-Mo (For C-64). . . . . ...$74.95
PARALLEL PRINTER INTERFACE
FREE 2K Buffer Included!
MW350 (For VIC-20 & C-64). . . . $69.95

TRS-80 Accessories

EXPAND TRS-80 MEMORY
TRS-80 MODEL |, Il

Each Kt th gight 116) 16X Dynamic
RAMS and documentaticon o com Sion uodu 116K em.ppoq with Ex-
pangion inieriace can be expanded io ABK with 2 Kiz Model Il Can be
‘expanded from 16K to 48K using 2 Kits. Each Kit will expand computer by
16K mcraments:

TRS-16K3 200ns (Model Ill).
TRS-16K4 250ns (Model 1). -

TRS-80 COLOR AND COI.OR L

05-9 required to ulilize
hull B4K RAM on all :un'auhﬂi

* HAPPY NEW YEAR!

ECr—r—u
ameco

APPLE" COMPATIBLE COMPUTER ACCESSORIES IBM* Accessories
IR | o oo nt ot | SRS | 1BM PC/XT Compatible
\ —— Keyboard
o A a 5 L Se— N
% LLLLL LA LlEELie R

ADC-514 s b $13988
JEBTS gomms tes. ... § 4035
5%" Half-Hek
Disk Drive and

© Co g 4 ey 0k sms wnd
S <o

Pt el Gieid frriaCn - Ty

% 800 bes B e hom simpus oy e
- Pomar conmmeton JOW AT e s
S/ vy W e frrn w’?{:u‘
-mqm 19 KHP40OT, . $39.95
T ebathosmarielbdode Sl iacs
TASWz 16D 165H Coalnqﬁnlu
AMOM. < bi-vicaslvs b s $60.95 |, APPLER Ut and By
12007300 BAUD INTERNAL MODEM -
for Apple IL, I+ and lie" 1
Compares i 4 Gy Rosbma 5 BF S mmiry Barace (13

sl g Pen

protiea |
ey Sees
- Suath -
1200/300 BAUD STAND-ALONE MODEM A
T
i e AT iis $39.95
+ ProModem 1200 « Cabile
e a dtems (HOPSR R JES20 VOICE
SYNTHESIZER

for APPLE Il, 11+ and lla"

JES20AP..$119.95

Spewcn tur hamm b1+ md
TR G Ut ABaP
JES23TS. . . 5995

KEYBOARD (KB-AGH):

168 Keys + 15-Key Kaypad - Dinect connecsen wilh 1§-pin niiben connectst

- Durable metal basecdate (with § mcunkeg holes)  Colce kvl Evcwn/grey
~Bite AR LS W 1M

CASE [EAEC-1)

= Accommodistes KD-ABH - Fop-up b for sasy access + Fils power supply and
metherboars 100 - Sun. 15% W x 18D x 4

SPECIAL

FEATURES,
- Aeitomaiic- ey repeat = Cursor control/numeric keypad - Shi ey

I'I I' EEELERTT
i. ' ' ’ L
Py
b= |
IBM-5151 (Equivsient 1o Keytronics™ 5151, « .« . . $129.95

Additional Add-Ons Available!

MEMORY EXPANSION KITS
IBM PC, PC XT ani.l CQmpaﬁlﬂu

-u .nu-u .ua insert the 9 - B4K FLA
the 2 groups of swiches Cenwertion duwmnum inchuded

IBMB4K (Nine 200ns 64K RAMS)........ $7.95
3 IBM ’l.’C AT
for comvraion e

IBM128K (Nine 200ns 128K RAMs).. $43.95

IBM PCXT Equivalent
130 Watt Power Supply
UPGRADE YOUR PC!

* Input: 110V @ 60Hz « Output; +5VDC & 154, -5VDC &
0.5A, +12VDC @ 4.2A, —12VDC & 0.5A + Plug compatible
connectors « Fils into IBM PC + Weight: 6 Ibs.

IBM-PS........cc00uu0ss. $99.95

capatiidies whan used wih 80 Eonmn card of VL. case chip |nuw-m|nu;ﬂ
Pt s Cusergtion

KB-EA1
KB-AS8
KB-ABS ..“,.,E:Er::_ EN::MIDU'IE::I:.HC!HM-----........

Flex DOS or
T P R e A AR i $9.95

TRS-80 MODEL 4, 4P
Ensy to install Kits come complete with. TRS.E4%.2 (4 oa. 41 54N-20 (200ns)
BAX Dynamic RAMs] TRS-64K- 2PAL {8 0a 4164’3 plus PAL chip) and docu-

meration kar
TRS-64K-2 Expands Model 4 from 166-04K or
Madel 4P from BAKI2BK. .. . ... ... $ 095

TRS-64K-2PAL  Expands Model 4 from 64K 1o 128K . . .

+ TRS-80 Model 100 * NEC - Olivetti

Easy io insta¥ Module plugs right into the socket Increasing memary in 8K
incraments. Throe modules will increase your memary io its full canacity
with module and

documentation lor instaaban,

- 52095 ea or WITHIS
- 529.95 ea. or /87995
. 52995 oo or /ETHS

TANDY 200

Easy to inatall module phugs right into the socket increasing memory i
24K increments. Complate with module and documentation for installation

M200R  (Tandy 200 Expansion]. . . $99.95 ea. or 2/5189.95

PROMETHEUS MODEMS

Intelligent 1200/300

Baud Modem with Real
Time Clock/Calendar
The ProModem™ is a Bell 212A (1200/300) intelligent
stand-alone modem - Hayes command set compatible
plus an additional extended command set - Shown with
alphanumeric display option.
PM1200 Rs-232 Stand-Alone Unit. . . .. . $299.85
OF'T!ONS FOR ProModem 1200

: Communication Softare. . .. . $ 79.95
Pease specity Operabing System

Apgie. ProDOS cr CF ’n‘ of
1BM: PC DOS or

PM-OP512K  (Communicabon Duuer O:w ark .
BUF512K (512K Memory lor PM-OPS 12K,
PM-ALP [Aiphanumenc Disgioy. . v v v« o

PM-Special #2 iincluces PR-0PS 12K
BUFS 12K a0 PM-ALP. o0 0o s v oeean

Intersil Data Book (1985). , .. .......cconurrnns
Eouolmun-l‘D]’.':W:l

30013 ZﬂquIhM[lll!} fireiaiasriecsos SROE
(1045 papes)
210830  Intel cunpomunnm_umur . $14.95
Coriaing a8 ites. Arcis Aeonnte Data 5 8 cther
Sesign miormabon on intel 3 AAM:. DRAMe. EPROMs, ETPROMS snd.
Dutitre Mernnes (880 pagesl
230843 IMHWWHMNIW!I; 81!!)5

Contams

:‘uumur-‘srs pages)

Mational Logic Data Book Sel (1984).. .. .......
Volumes | &1 3485 poges)

Cortana nformal honal £ TTL product sme and CO4000 temry
Thmmuﬁuuoc TS A5 LS and ALS Series devices. and
M TAMC | S41CT / TAHCT Hgh Speed Micro CMOS lamity

TAC tamidy ped CMOS LS /WL

Muffin-Style & Sprite-Style Fans

MUFB0 (SPN3-15-2462)
Howard Industries (4 68'sq. 60ctm). . . . $9.95
suzcT

EGAG Aolron (3.125° sq. 32cim). - - .. $9.95

Five Key
Software Programs! For Apple I, 11+ and lle*

128K RAM Card Ram

Disky

quage card ad can oo
8 16K card The JEBGE

wmo
Min Seabires DOTS e ater Comgitse

$115.95

schtware thal can be
ampas
Inchutied Memery Managesent 1
Srutsicrstor D033, GM s Acphe Pasce
nsiruchions
Ex)
ke 5

Applesurance Diagnostic Disk Controller Card
For Apple I, ll+ and /le*

ROtk 100l an ataurance/maintenance 1ol and a tual
E8T7 ol vonky a0 check T cosrasng hardears of
farn e your Apghe i ii+ 1 your FRAM AOM

Crashes!
Tha JEATT sarves at a d
digk drive controlier The
your wysiem each ||m|

EPUL 30 G e, DASGRoRA: ToVArSES Tody s Cancwted 3t e e o 3 vy
Compiste with insirucions
JEBT7 (DRV-1/i rancell)............. 569.95

Parallel Printer Card
For Apple Il, I+ and lie*

Tha JEBIO Priviar Intertace board s an wiohgent inerlace 13 mas! of osiay s
ovpular dol- mlm,rnlﬂ‘\ﬁa:hﬂl s, Tha JEBAD is futly comodiie wim Aoie CRAL
Apple Pascal (or FORTRAM) 20 maci olher oparaling, srerms and oliears
Agphe i+ #8018 shveoed configired ki the
Cockinkie n:'w:mnd for ciher standards of necessary

echs ON or OFF. aulo/dhaates
el s T ke, sefcinar i B0 4 Of Do Gkl ks, 301 MR mare
8nd more! Compiete with inrucsions.

e e e A b L R $59.95

s kages dudial
Centronics umm and

o PROHEVHENS

Parallel/Serial Buffer Card
For Apple I, I+ and lle*

The. mamary |18 page

olintormabor, Using the pacalel urois cable miopiad. e JEBB3 i aach 15,

JEB40 (abowe] Pavaliel Caso reoded o eperaton Tha JEBED mcludes 1 standard

paralel moul waih both paraliel and sersd (RS2 bullernd outputs W thase

Yo iy ACoust and bue lcrmabon 1o teo TyEes Bf DrIers ione sere
MmN

Prometheus Modems

The ProMedem 12008/8S is a 1200/300 baud modem
card which plugs into IBM PC and XT. Provides a third
sertal Comport. Two versions available: 1200B (without
software) and 1200BS (with software). The PM1200BS
Is supplied with powerful MITE communications software
from M: flable: PC DOS or MS DOS.
:Mlhnnt Software). . . . . . $239.95
PM1200BS (with MITE Software). . . . . $274.95

124,ie! DISK DRIVES
m o - ol

co g

Documentation

Included
RFD480  (Remex 54°DS fulk-ht). . . .. $69.95
FD55B  (Teac 54" DS hall-ht). . . . .. $99.95
SA455  (Shugart 54" DS half-ht). . . . $99.95
TM100-2 (Tandon 5%" DS full-ht). .. .. $99.95

JMR 5%" DISK DRIVE ENCLOSURES
Complete with power supply, switch, power cord,
fuseholder and connectors
QDE';FH (Houses 1 full-ht. 5% Soppy drive) S 89 95

=, it -t a
e T $ 79.95
HDDE-1FH 4cuses 1 harc sivel. $199.95

Mitsumi 54-Key

are paradel) caly Compiete wilh imsbruc o
. JEBB3 (P/SBuffer)............coc0nn.ns . 579.95
VERSACARD
for the Apple II, lI+ and lie*
BLALAIC grimaine Pa - . Rttt

Unencoded
Keyboard

+ SPST keyswilches - 20 pin ribbon cable connection
+ Low profile keys - Features: cursor controls, control,
caps (lock), funclion, enter and shift keys - Color (key-

General Application Keyboards

3’.5:«."’65‘3?—3’-’:“.:; e e T ia‘l‘q_:‘}ll: gr'u}fH- Weight: 1 Ib. « Pinout incl. + Size: 13%W"L x
n”-wmwwﬁa»....-n—mmu':"_ LB
e R e R B $9.95

R b Pestis 2 Mg Pasem Copeem oot Bt tri bem 50
it T e
SR ey | THKey

UEHSACARD 4 hunchions on one cand: SERIAL, PARALLEL RIEAL TIME CLOCK/CALENDAR, BSR. . . 3159,95

__ )" Graphm Upgrade ROM (Aliows high reschubon graphecsl. . ... 53995 Kagrboard
I‘II-SC Serial Catsle for VERSACARD. 520-5-DE2SP (Malel. .

I $2495
.. 524395

Jameco’s New 1986 Catal’og.

Filled with New Products, Reduced Pricing
and Valuable Pin-out Data.

Send $1 Postage for FREE 1986 Jameco Catalog!

520 Minimum Order — LS. Funds Only
Shipping:

0% or 6% Sales Tax Spec Shoots — 30€ sach

Peswdents Add
Add 5% plus $1.50 Insurance M“Wh’ FREE 1986 Jameco Catalog Prices Subject 1o Changs
Fend samped, sel-adcressed

Cl

snvelope 1o receive 2 Quarterly Sales Fiyer — FREE!

ameco

1355 SHOREWAY ROAD, BELMONT, CA 94002
2/86 PHONE ORDERS WELCOME — (415) 592-8097 — Telex: 176043

visA®

~ 7-bit parallel ASCIl « Full Upper Case, Full Lower Case
except],m, n,oand p. - Cursor keypad » SPST mechani-
cal keyswitches + 26-pin header connector - Color: white
+ Size: 18°L x 6% W x 14"H + Spec included

...... (1500 available) . ... .. $14.95

UV-EPROM ERASER
»

-~

Erases all EFROMs. Erases up to 8 :hlpamlﬂmﬂ mmules“ r_hlp
In 15 minules). W inch
Special conductive foam liner eliminales static build- up Built-in
safaty lock to prevant LV exposure. Compact — only 5007 x
3.70°W x 260°H. Compilate with holding tray for 8 chips.

DE-4  UV-EPROM Eraser. . . ... $74.95
UVS-11EL Replacement Bulb. . ....... $17.95

1 Chip - 15 Minutes ||
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Save 30 on the
RAMSEY 20MHz
Dual Trace
Oscilloscope

Unsurpassed guality at an
unbeatable price, the
Ramsey oscilloscope com-
pares to others costing
hundreds more. Features
include a component test-
ing circuit for resistor,

capacitor, digital circuit and diode testing ® TV video sync filter ® wide band-
width & high sensitivity ® internal graticule  front panel trace rotator ® Z axis
* high sensitivity x-y mode ® regulated power supply ® buiit-in calibrator ®

rock solid triggering

Was $399.95 NOow ONLY> 36993

NEW RAMSEY
1200 VoM
MULTITESTER

Check transistors, diodes and LEDs

with this professional quality meter.
Other features include, decibel scale ®
20K volt metering system ®
rored scale ® polarity switch ® 20
measuring ranges ® safety probes »

high impact plastic case

$1995

lest leads and
battery included

high qualily hook on
probes included

RAMSEY D-4100
COMPACT
DIGITAL

THE FIRST NAME IN
ELECTRONIC TEST GEAR

[TE 35 MHz DUAL TRACE 0SCILLOSCOPE

A heavy duty and accurate scope for service

as well as production use. Features include
* wide frequency bandwidth ® optimal sen-
sitivity ® extremely bright display ® delayed
triggering sweep ® hold off ® ALT trigger ®
single sweep ® TV sync ® 5X magnification
® XY or XYZ operation ® HF/LF noise
reduction

3500 Dual Trace Oscilloscope

oo EET 549995

includes 2 high
quality probes

LL OSCILLOSCOPES INCLUDE 2 PROBES

[ 15 MHz DUAL TRACE PORTABLE OSCILLOSCOPE

Ideal for field/bench applications, this
scope can display up to 15 MHz signals.
Internal battery pack allows up to 2
hours operation on a single charge
Features include ® built-in battery
charger ® 5X horizontal magnification
* high brightness CRT e front panel
trace rotator ® internal rechargeable
battery pack

2500 Portable Oscilloscope

44995

includes 2 high
qualily probes

MULTITESTER

Compact sized reliability and accuracy.
This LCD digital multitester easily fits in
your pocket, you can take it anywhere.
It features full overload protection ® 3%
digit LCD readout ® recessed input
jacks e safety probes ® diode check

function * 2000 hours battery life

$2 995

test leads and
baltery included

MINI KITS—EASY TO ASSEMBLE, FUN TO USE
BEGINNERS & PROS WILL HAVE A GREAT
TIME WITH THESE KITS

FM
MINI
MIKE

A super high perfermance FM wire-
less mike kil! Transmits a siable
signal up to 300 yards with excep-
tional nn"IO quality by means of its

n (e Kil includes

s the finest unit ava I‘\o o
FM-3 Kii
FM-3 Wired and Tested

Color Organ

See music come
alive! 3 different

5795

lights flicker wilh
music. One light
each for, high,

Super Sleuth
A super sensitive ampli-
Tier which will pick up a

GT-70 7 DIGIT 525 MHz
COUNTER

Lab guality al a breakthrough price. Fealures »
3 frequency ranges each with pre amp ® dual
selectable gate limes ® gate aclivity indicalor ®
50mV @ 150 MHz typical sensitivity ® wide fre-
fquency range ® 1 ppm accuracy

$411 995

wired includes

FM Wireless Mike Kit

Tansmils up 1o 300" 10

any FM broadcast ra

dio, uses any lype of

mike. Runs on 3 to 9V Type FM-2
has added sensilive mike preamp
slage
Fr-1 Kit

$3.95 FM-2Kin $4.95

range * diode protecied »

3999

MINI-100 FREQUENCY COUNTER

Features and capabilities of counters costing twice as much *
compact ® high sensilivity ® low current drain ® very accurate *
leading zero blanking * field or

"op use * 1 MHz to 500 MHz
7 digit display

5 BATTERY CHARGER NICAD BATTERIES
AND AC ADAPTER INCLUDED

CT-90 9 DIGIT 600 MHz
COUNTER

The most versallle for less than $300. Features 3
selectable gate limes * 9 digils * gate indicator
* display hold ® 25mV @ 150 MHz typical sen-

stilvity » 10 MHz timebase for WWV calibration

* 1 ppm accuracy

31 4995

wired includes

pa 1 I AC adapter AC adapter
mid-range and t ch alternaie E;lr\d’.n>_;|=:1l:c;’5”r$_~.mn';“_5' CT-70 kit §99.95 T-90 kil $129.95
lows. Each indi u:e!zsml;:j"' s | room or as general pur BP-4 nicad pack. ..8.95 \’Jv’ 10.1 PPM oven timebase 59.95
"’;Jdlua”gda_dJUSI' i pose amplifier. Full 2W cT 50 H |]|G BP-4 nicad pack. 8.95
able and drives up eiliahis anvining! | Fms output, runs on 6 1o el IT 600 MH
panel ights. anything Z
10 300 W. runs on | Runson3to15volts | 15 voits, uses 8-45 ohm GT-]25 9 DIGIT 1.2 GHz
110VAC Complete kit, BL-1 speaker s 95
$295 Complete kit, BN-9 1 69 c
Complete kit, $5.85 wired
ML-1 G50 KIS o fen drits $139.95 $1 6995 wired includes
$8.95 CPO-1 RA-1 receiver adapter kit 14.95 AC adapler
RAuns on 3-12 Vde 1 wall out, 1 KHZ good for C“Q
Alarm, Audio Oscillalor  Complete kil 529 BP-4alead. v s viienanon -58.95
Tone Decode
. A : ne Decoder
Whisper Light Kit A complete tone deco- e e
An ting kil. small mike der on a single PC T ———pper—
picks ounds and erts | board. Fealures: 400-
them light. The louder the | 5000 Hz adjustable i
sound, the brighter the light ;n!\gougﬁs?_ﬂl’.\cnnljati vlollla;L;c:-.‘glrJ‘- -
Includes mike, controls up g ation ’ seful for touch- = l
300 :.:.l runs on 110 VAC / lone burst detection, FSIIi elc. DM 7w nIBITn]- MULTIMETER —
Complete kil, WL-1 Can also be used as a stable lone Prafe: 1 qual ah 1 price. Fi -
mp ssp.sé Zan sk salisac dre paiil rafessional qualily at a hobbyist price. Fea PR-2 COUNTER PREAMP

Complete kit TD-1 $5.95

tures include 26 different ranges and 5 func-
tions ® 31 digit

% inch LED display * auto-

Universal Timer Kit
Provides ihe basic pars and PC
board required 10 provide a source
of precision 1
gene 5

Mad Blaster Kit

Produces LOUD ear shattenngand
attention geiting siten like sound
supply up to 15 watts af

Siren Kit
Produces upward and downward
wail characteristic of a police
siren. 5 W peak audio outpul. runs
on 3-15 volls, uses 3-45 ohm
speaker

matig decimal placemen! * automatic polarity

s 1 1 995 wired includes

AC adapter

DM-TOO kit ooounin s
MP-1 probe set ,

Includes a range of parls for most obnoxiousaudio Runson6-15VDC | Complete kit, SM-3 5295
timing needs
UT-5 Kit gsas | MB:TKit 495 i |
55.50
5395
30 Watt 2 mtr PWR AMP Power Supply Kit

Simple Class C power amp features B imes power gain. 1W
in for B out, 2 Win for 15 out, 4 W in for 30 out. Max output
of 35 W, incredible value, complete with all parts, less case

and T-A relay
PA-1, 30 W pwr amp kit

TR-1, AF sensed T-R relay kit

$2095
695

ACCESSORIES FOR RAMSEY COUNTERS

Telescopic whip antenna—BNC plug
High impedance probe, light loading. . .
Low pass probe, audio use

. $895
16.95
16.95

Direct probe, general purpose use . .

Tilt bail, for CT-70, 90,125 . ...

Complete triple reguiated power

supply provides variable 6 1o 18 volis
at 200 ma and <5 at 1 Amp_Excellent
load regulation, good
small size. Lass transformers,
requires 6 3V (a 1 A and

24VCT Complete kit, PS-3LT

filtering and

$695

PHONE ORDERS

716-586-3950

PS-2 AUDIO MULTIPLIER

The PS-2 is handy for igh resalution audio
resciution measurements, multiplies Up in fre-
quency * greal for PL lone measurements &
multiples by 10 or 100 » 0.01 Hz resclution &
built-in signal preamp/conditionar

34 995 wired

PR-2 kit $39.95

CALL

TELEX 466735 RAMSEY Gl

e e s e s

The PR-2 is ideal for measuring weak signals
from 10 to 1,000 MHz # fiat 25 db gain * BNC
conneciors ® greal for shifting RF » ideal
rm.c:vm TV preamp

495

PR-2 kit

wired includes
AC adapter

$349

PS-10B 1 GHz PRESCALER

Extends the range of your present counter to
1 GHz » 2 stage preamp * divide by 1000 cir-
Cullry * super sensitive (50 mV typical) » BNC
conneclors ® 1 GHz in, 1 MHz oul * drives an

counler
$7 99!

PS 10-B Prescaler

wired includes AC adapter

TERMS: = salislaction guaranteed = examine for 10 days: il not pleased, return i
original form for relund = add 6% for shipping and insurance to a3 maximum o
§10.00 = averseas add 15% lor surface mail  COD add $2.50 [COD in USA enly|
= orders under $15.00 add $1.50 = NY residents add 7% sales tax = 00 day part:
warranty on all kits e 1 year parls & labor warranty on all wired units

RAMSEY ELECTRONICS, INC
2575 Baird Rd.
Penfield, N.Y. 14626
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TOLL FREE

800-854-8230

CA Residents 7 14-558-8813

OUR POLICY

#Surcharge for VISA or Mastercard.

*Volume purchasing agreements available.

*Orders subject to availablity.

*Pricing subject to change without notice.

+*ACP Retail Store pricing may vary. Not responsible for typos.

e |
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MAJOR
BRAND

PRICE

BREAKTHRU

Retail Value $5000
Save up to 60%

ADVANCED XT

ACP PRICE
NOW ONLY!

*1695°°

10 Mb Hard Disk

ACP has sold over 2,000 of this system
to major customers including Rockwell
- Int'l, Hughes Aircraft and Emulex Corp.
' See for yourself why these customers
prefer the Advanced XT over the IBM XT.

10 mb $399.00

Shugart SA712 w/Controller & Cables.
Ready for Installation in IBM™ PC and
Compatibles. (1 Year Warranty)

Shugart SA712 10Mb HD$229.00
Seagate ST225 20Mb HD 419.00

|

3
o
| |

PC UPGRADE SPECIAL

95
34 SET OF (9) 64K RAMS

$ 95
26 SET OF (9) 256K RAMS

$5.95 4128 PIGGYBACK RAM

Monochrome Monitor Included

1200 Baud Hayes™ Comp. Modem
Short Card by U.S. Robotics with
Telpac | Software.

BASE SYSTEM CONSISTS OF:  [gysTem A Lot ::3?9(6) viovy -ss"‘ 33;00
* 256K Expandable to 640K on PN EpAeion)| Coe SyEtem (See Lefl) $995.00 (Wl

the Motherboard. = = |
* (1) 360K DS/DD Floppy Disk SYSTEM B | Base Systam wih addiona $1099.00 |

2 (P/N BDACP101)| F10Ppy Uisk Urive [

® Serial & Parallel Ports SYSTEN | eases T 1 !
¢ Deluxe Keyboard w/LED's ase Dystem iz, G Montor WTIL kswivel | € 1205' 00
e Mouse with Software (P/N BDACP10g)| base and additional Floppy Drive 1 o“b Tape aack_“p
* LCD, Lightpen & RF Ports SYSTEM D| Base System w/RGB Color Monitor w/Tilt & $1495.00 5 1) S e Archive, #1 in
 RGB and Mono Ports (PIN BOACP103)| Swivel base and additional Floppy Drive ' tape back-up
* VLSI Circuit Design SYSTEM E | Base System w/10Mb Hard Disk and Green $1695 00 R technology.
¢ (3) Expansion Slots (F/N BDACP104)| Monitor with Tilt & Swivel base ! s High speed
¢ Ergonomic Design & Packaging SYSTEM F | Base System wi10Mb Hard Disk and RGB Cola 10Mb back-up
¢ GEM or PC Works Software (PIN BDACP105) Monitor with Tit & Swivel base " | $1985.00 ey
* 90 Day Warranty $995 l][l
ADVANCED XT ACCESSORIES SPECIAL SYSTEM w/Printer 2
6 Slot Expansion Chassis PCIDOS2 . it e s $65.00 1. System E with Diablo E B IP s

(IBM or IBM Compatible)...$399.00 @gw Basic................... 75.00 ; g?gtesr:r?i I'f‘tr||':'|tDe_1'a i .$1995.00 . ﬂeffl'laLd [1} 4 Hw dll:ljwtr UPP';'C
LCD Display (80x25) for use with PC Works 1.15 hst 4 Y LR reat for adding Hard Disk to your PC.

Advanced XT LCD Port.. .. 299.00 Heg?;rali 5195{?.?!].6. .s. nne) 65.00 620 Serial Printer. .......2285.00

Monochrome Hi-res text card. . .69.95
Monochrome 1BM style Monitor.99.95
256K Upgrade (Uninstalled). .. .59.95

Archive Tape B.U. (ext. 10Mb).995.00
Maintenance Manual
Technical Reference Manual. ... 50.00

3. Canon LBP-8A1 IBM compatible

you System A FREE!

laser printer. Purchase for a low
price of $2895.00 and we will give

Same as photo.......... $179.00

[ ]

DIABLO 620 DAISYWHEEL PRINTER

The Finest Letter Quality

We have sold 1000’s. You can
have a spare at this price.

Printer at a Spectacular Price.

620 Serial........ List 1495 ACP $395.00
620 API.........List 1695 ACP 495.00
620 D36..cinnsres List 1695 ACP 550.00
F-21 Sheet Feeder.List 895 ACP 249.00
620 Tractor......List 395 ACP  99.00
Gablen i ACP - 29.00
Serial to Par. 64K Buffer....ACP 125.00

DELUXE JOYSTICK
11.
A\ $11.95

- Compatible w/Atari
2600, 400, 800, VIC-20/
64 and Apple. Apple re-

quires optional cable
adaptor. Add $2.95
APPLE DISK DRIVE
e $115.00

High quality %2 high
drive for Apple Il, Il +,
lle or lic. Apple lic re-
quires optional cable

.

adaptor. Add $10.00

[T [1 [Gle]
RMA

2
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' DESCRAMBLE

We stock the exact parts, PC board and AC adaptor for Radio Electronics
February 1984 article on building your own Cable TV Descrambler.

Includes all the original resistors, capacitors, diodes, transistors,
integrated circuits, coils, IF transformers (toko BKAN-K5552AXX).

Original (14 volts DC (@ 285ma) ac adaptor used in the article.

S:P-E-C-I-A-L-=S

BOT R 7O18 0B S s st Tl an 5 T Now 39

ALL THREE #701, #702 & #704 ............cooovvovverren... now “49
PREE Reprint of Radio Electronics article (February 1984) on Building Your
Own CABLE TV DESCRAMBLER with any purchase of above.

AC ADAPTOR ORDER TOLL FREE
RcE 595  1-800-227-8529

inside MA 617-339-5372
PROMS 4k x 8 $ VISA » MASTERCARD OR C.O.D.
P2732A2IND aicss siansiaiaiarareie ors 3-25

ADD $2.50 SHIPPING AND HANDLING

Call or write for a free catalog.

0 $4.50 FOR CANADIAN ORDERS J & w

"2(—3 WE ALSO OFFER QUANTITY DISCOUNTS

: | onsonmoRtuNTs ELECTROLIICS, I0IC
i g b
g (_g P.O. BOX 800R MANSFIELD, MA 02048
(@]

<

c

=y
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//1-800-344-4539

AK, Puerto Rico — 218-681-6674 Telox — 62827914 TWX — 9103508982 DIGI KEY CORP
NATIONAL SEMICONDUCTOR = PANASON 256“ IZEZ 14& 1] DRAM 1 50Ns $5 ?ﬂ “ 339 gﬁfg HODES * DIAMOND TOOL » UNGAR
Visa oK MQCHWE’ EWC, INC. # INTERSIL » AD X ES « CW INDUSTRIES » AMDEK = G.E.
EAC, INC. « J. W MILLER * AAVID ENGINEE Factory Firsts IGAR» YAGEO » J. W, MILLER » LUXO
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THE MO

TY-23B COLOR LIGHT CONTROLLER

COLOR LIGHT conTmOLLIR TY-u3m OO

As a result of the advanced technology, this unit can control
various colorful light bulbs, the visual effect of which is most
suitable in places like party, disco, electronic game centre and
also in lightings for advertisement. Total output power is
3000W (1000W/Ch.] which means that it can contral 30 pieces
of 100W or 600 pieces of SW color light which is enough for
most usages.

Kit . \.... $65.00
Ass. witl t“‘g e e A e Tk e L e e DAL

T POPULAR PRODUCT

FOR YOUR SELECTION. SEND

TR-100 0-12V 2A REGULATED DC POWER SUPPLY

Qutput voltage is adjustable from 0-15V DC, two current
limit range are available for selection: 200mA or 2A.
An elaborated protection system is specially designed, a
‘BB sound and a sparkle light will appear when the output is
averloaded.
High stability and reliable resulting from employing high
quality voltage regulate IC.
Possessing king size meter makes the reading of voltage and
current more clearly and accuracy.
A refined case, meter and all accessory are enclosed for both
kit and assembly form. Most suitable for factory, profes-
sional or even amateur.

Au wllhlomd SRR RS TR SRR o1

1.00 FOR M

150MC UNIVERSAL DIGITAL FREQUENCY
COUNTER SM-100

SM-100 is an accurate, d digital f Y
counter, Few pieces of advanced, hlgh technical LSl integrated
circuit are used, thus, circuit structure is reliable. SM-100 can
give you up to 8 digits of resclution for a wide frequency range
of 10Hz to 150MHz. Besides, a memorize system is available,
the last input digits can be held on the panel, as compare to the
other or even observation.
Input sensitivity: KHz range 10Hz = 10MHz S50mVrms

MHz range 1MHz — 150MHz 40mVrms
Response time: 0.2 sec.
Hold: Hold the last input signal
Power supply: DCBV Bantery or DCSV 250MA Adaptor
Assembled with Tested

IN EUROPE & ASIA ARE COMING NOW
TALOG, REFUND UPO!

JHOT ITEMS
ORDER

TURBO SCREW-DRIVER (RECHARGEABLE) No. 998

The most perfect powerful multi-purpose tool for Workshop,
Home, Hobby & Outdoor'work . . .

Includes UL approval charger, Driver bits: 2 Regualar and 2
Philips.

7 T R A S A A e e

TA—-2400A ELECTRONIC ECHO AND
REVERBERATION AMPLIFIER

REMIX your record yourself
Vv

This unit combines the most advanced computer V.L.51.
technique with high quality Japan Made component, so it has

TA-477 120W MOSFET POWER AMPLIFIER

This amplifier consists of three super low TIM differential
stages, and Hitachi 25J49/25K 134 match pair "MoSFET" as
output component whose frequency response and transient
response is superior to the other power transistor, Therefore
this amplifier sounds clear and high fidelity and has superior
analysis over whole Audio spectrum, so it is suitable for repro-
dJcnng classic and modern music

CORDLuESS SOLDERING IRON (RECHARGEABLE)

s
/

The most perfect handy, lightweight soldering iron for Work-
shop, Home, Hobby & Outdoor work

Includes UL approval charger & cleaning sponge.

With build-in solder point illumination.

Each set

TA-2800 NF-CR BI-FET IC PRE AMPLIFIER

TALKING CLOCK

. Talk: push button lor vaice announcement of lime.
Read out: twelve hours system display for hour, minute, second (by colon
flash), AM & PM,
Display: three display modes of time, alarm time & date.

. Alarm: en'off switch with thirty seconds voice alarm.

Snooge: reminder voice alarm of thirty seconds after 4 minutes of first voice
alarm.

G. Volume: two level of voice output.

7. Language available: English,

e R I e e 530,00

Mynah 8504 : Ceaa 52500 NOT A KIT!

the following FEATURES:

It can generate various reflection and reverberation effect such
as that in valley and music hall. It has a 3 section effect control
which includes reverberation control, delay control and depth

control. Special effect can be made in your record tapes by
using this model. All kinds of infield sound effect can be
obtained by skilful use of this control. It has LED display to
show reflection and reverberation.

Ass.withtested ..................ccc00eecena... $99.8S

TA-2500 HIGH QUALITY MULTIPURPOSE
PRE-AMPLIFIER

This specially designed pre-amplifier includes a professional
GRAPH EQUALIZER TONE control system and has a gain to
12d8. Frequency response extends from 5Hz to 20KHz, so even
in bad listening condition it can improve well. It can accept
input from variouoos magnetic cartridge, record deck and
tuner, its output can be eonnactsd to all kinds of power
lifier! The foll i are good
.ﬂmmh!edwhhlntnd e e - K

The haeart of this Pre-amplifier is TL-984 IC which contains 4
BI-FIT operational amplifier and has very good transient
response and low distortion.

High precision NF-CR MM cartridge amplifier has a superior
distortion characteristic (less than 0.005%] and RIAA equaliza-
tion {0.2dB). t reproduces melodical sound,

It has 40 steps volume centrol, seperate high, middle and low
tone control, tone compensation and tone defeat system.

It is compatible with any power amplifiers which are made by
our company such as TA-1000A, TA-477, TA-802.

RADIO-ELECTRONICS

4
J

TY-25 SPEAKER PROTECTOR
i

It includes high sensitive DC output protection circuit and has
8 LED to indicate the trouble. It is suitable for all kinds of power
amplifer. All the OCL and OTL amplifier must have this speaker
protection system!

TERMS:
Min order: $10.00
card order: 520 00

TY-45 BAR/DOT AUDIO LEVEL DISPLAY

RUDIG LEVEL DISTLAT

(R R R RN

B R A R RN R R R R R R RN

This unit uses the newly developed display driving IC to drive
20 LEDs/channel, it has two display modes: BAR or DOT. Dis-
play range is —57dB 10 0dB, it uses green, yellow and red LED,
so the display is not only beautiful but also has high
readability, it can be used in various power amplifier to display
peak power level.

This unit already has a rectifier so only needs atransformer (AC
12V x 2 1A} it can also use 12V CAR battery as power supply. It
is simple in construction and easy to build.

Size: 1078" x 2" x 239

Kit .

Shipped by UPS

LCD THERMOMETER CLOCK NEW!

Features:
0.34" DIGITAL thermometer with Hi & Low temperature alarm
function and 12 hours clock combination.

Measuring range: 0°F to 160°F ar —=20°C to +70°C.

Resolution reading: +1.8°F,

Dimension: 3.2 = 0.867 = 2.08".

T-1 with in/Out Door sensor . ......... §20.00

T-2 with Fahrenheit/Celsius measuring . $18.00 NOT A KIT!

YAMATO 4001 3%z DIGITAL MULTIMETER

SPECIAL OFFER! #

The YAMATO 4001 is a 32 DIGIT COMPACT DIGITAL
MULTIMETER, it employs FE type LCD, with large figures. Its
ADVANTAGES: High accuracy in measuring. High impedance
assures min. measuring error. One rotary switch allows fast &
convenient operation. 26 measurement range enable wider
application. Over-input indication & low battery life appears on
display. LSl-circuit use provides high reliability and durability.
Measurement possible even under strong magnetic field.

Not a KIT, assembled with tested . asen e $33.80

MARK V ELECTRONICS INC,
248 E, Main Street,

Suite 100,

Alhambra, CA91801
Information (818) 282—1130
Orders, (818) 2821196




EDGE
CONNECTORS
ALL ARE 1.56° SPACING.

SOUND
AND VIDEO MODULATOR
i FOR T.I. COMPUTER

T.I. # UM1381-1, Designed for use with T.|. com-

puters. Can be used with video sources. Built-in
AJB switch. Channel 3 or 4 selection switch
Operate on 12 vdc. Hook-up diagram included

g\_ECTRO“

Etri §# QQKMIBZ low
noise lan Measures
3% square x 1 deep.
21ctm. 23 db, 1700 rpm

CORP

SOLID STATE
BUZZER

2K 10 TURN Star #SMB-06L
SLIM LINE MULTI.T:&:PEC?‘;E%‘;G‘ ?TE compatible.
COOLING FAN Ly 16 for $8:00

DELTRON MODEL QD12/15-1.7

Dual plus and minus 12Vde open

frame power supply. Can be Used as

24Vdc@ 1.5amp. INPUT: either

115 Vac or 230 Vac

Fully regulated | computer grade supply,
x4%°x 2%

i 1211 {14y A
LOS ANGELES. CA STORE
905 Vermont Ave

213 3B0-B000

VAN NUYS. CA STORE
6228 Sepulveda Bivd

818 997-1806

MAIL ORDERS TO
PO. BOX 20406 1
Los Angeles, CA 90006

TWX - 5101010163 ALL ELECTRONIC

TOLL FREE ORDERS ONLY

800-826-5432

(ORDER ONLY)
(IN CALIFORNIA: 1-800-258-6666) FOREIGN ORDERS:
ALASKA, HAWAII

OR INFORMATION

EASYLINK MBX - 62887748

(213) 380-8000

NOC.O.D!

CIRCLE 107 ON FREE INFORMATION CARD

lp $10.00 EACH SPECIALPRICE .. .$12.50 each | $12.50 each 10 for $110.00
22/44 EDGE CONNECTOR " PA. SPEA *SPE RICE*
PC style $2.00 each SPEC,ALS OF THE 8 KEH &y PRICE CASSETTE
10 for §18.00 MONTH C TS Model8B3079 $5.00 each DUﬁL L.E.D. DISPLAYS
22/44 EDGE CONNECTOR B ching coll = e s 7 MECHANISM
solderiug style  $2.50 each §ALL Y4 WATT RESISTORS | vypicairesponse range B SPEAKERS ‘rm % q_n\:?}
28/56 EDGE CONNECTOR 1000 pcs of one value $7.50 100 - 10, Oﬁg hz $32.00 T i
Power rating 1 s ma
ECsste s2s0each |ALL Y2 WATT RESISTORS Driled tomountiine S00niah. 7 seqment LE.D. read-
10 tor §22.00 1000 pcs of one value $9. matching transformers sockets . : b
36/T2EDGE CONNECTOR
1 AMP 50 VOLT DIODES MAN-6640 orange, c.c. 75¢ each
PC4:;:|:EDGE co:sr;::: :-:;nh INS0OL TAPE AND REEL LINE CORDS RELAYS FND-5148red.cc  75¢each
0 $4.50 &
PC.style s4.50each | 1000 for $30.00 — o= 10 AMP SOLID STATE | DL-s27red ca 75¢ each
i
D STYLE CONNECTORS | TWO WIRE CONTROLs 332 o | c‘““}.. 2"
TRANSISTORS D825 PLUG 6 1010r$11.00 | 6iaiosprinar atorsion |0 vac 10 amp O 3 SPE?“':EH
gu;gg 4 for $1.00 100 for $100.00 Tl T x W 1_‘ e s
24 310r$1.00 6 18/2 SPT- 3
2n22224 dlorsrop |Peeesqoer 1oforsiz.so /2 5PT-2 flat $9.50 EACH 10 FOR $90.00 Fulange
2N2904 3tor$1.00 . 6 16/25JTround $1.25 each B oz magnet
2N2904 3 for $1.00 SOLDER TAIL I.C ULTRA-MINIATURE i
anag0s 3torst.00 SOCKETS | THREEWIRE 5VDC RELAY mauntigoenters. | incuges record/poyoack ana
2N3055 $1.00 fz4pin 10 for $2.50 6'18/3 flat $1.50 each ;‘ég?‘.: ;MEDOOSMZB $2.50 each 10 for $20.00 erase heads. 2-12VDC mators
PMD 10K40 $1.00 100 fo, $22.00 . h sensitivity drive belts pulleys. 3-12VDC
3 el R el s el T | TSPRINGLEVER ]| et e s sane
N 1 m Ncal parls r
B 16/3round  §4.00 each Mountsin 14 u:'SFP socket TERMINALS used on other current model
+SPECIAL PRICE~ CASS_ETTE MIKE $125cach’  10fors10.00 | Twocolor decks. would cost several {mes
TR.#NSIS TOR o (emeg C-' 9 COMPUTER MINIATURE terminalsona |, @ @ SD:;::!;?:&Q&:IT‘;L%:::‘;: :t:c:mj
PN3569 7092 N.P.N w - - GRADE 6 VDC RELAY g o | or datarecorger or use for spare
piastic transistor \-)E'i” 4 Aromat #RSD-6Y gy, plate s parts 53 X 3% X3l
100 for $8.00 TR CAPACITORS Super Small y ] Great for speaker enclosures or ;
= Dynamic cassette mike with S.PD.T relay = power s, S750EACH 2FOR$12.50
1000 for $60.00 3.5mm plug and on/off switch 2,000 mfd. 200 VDC * GO coibalt supplies.
LARGE QUANTITIES 50 EACH 10 FOR $13.50 | 198" DIA. x 5" HIGH $2.00 | contacts rated 75¢ EACH . 10 for $6.00
AVAILABLE $1. t 3,600 mfd. 40 VDC d 1amp @ 30 vde. Highly sensitive,
TWIST-LOCK 195 DIA. x 3%" HIGH s1.00 | TTLdvect drive possivie. 120 ohm MINIATURE TOGGLE SWITCHES
TRANSFORMERS CONNECTOR | 6.400 mtd. 60 vDC Operete from 43— 6 vde ALL ARE RATED 5 AMPS @ 125 VAC
= y ; 13" DIA. x 44" HIGH $2.50 | COIL: 1200hms  $1.50each |S.PD.T. S.PD.T. S.PD.T.
120 voit A
primaries Q%‘EEI@ @& 9700mid. SOVDC | x XL 10torsiaso g?:ns't?::) (on-on) (on-off-on)
a a*N T iy T
ineiuml’ hu HUGTIEIENC | VDCRELAY o pogas, (MR s
€ voits @ 150 ma 3125 | same as Switchcraft #12CL5M % -39 | conTacTs: sPNC. il -00 gac 1.00 each
12 v.c.t. @ 200 ma. $2.00 . ?2 000 mfd. 15 vDC 75¢ each 10 for $9.00 10 for $9.00
18 voits 850ma $350 igﬂﬁ?;i’:’}:l';ﬁggif;:C“”"‘ “DIA. x 43" HIGH $3.50 E&&Eﬁ?céﬁnm 10 for $7.00 100 for $30.00 100 for $80.00
18 volts amp 4. 5 * open =
g: :'2':. g 353 ma, ;ggg $2.50/SET ;&5‘33? ,“]‘a,?-'&é’E Z $1.50 colL:c?g':ﬁ'c 650 ohms S.PD.T. S.PD.T. D.PD.T.
28wt @i5amps  $20.00 SPECIAL PRICE $1.00 each ggn-olfﬂu n) (on-on) {on-on)
30 vt ¢ 2amps $5.0 ~C. style EC lugs Solder lug
WALL TI SWITCHING POWER SUPPLY 4PDTRELAY L A s 8
Compact, well-requlated switching power supply 14 pin KH style. T5¢ each L] $1.00 each 101or$18.00 b
THANSFOH MEHS desi;ned to power Texas lnstrumegrrts computer i a;?’g Eﬂ?iﬂﬁ}’ L4 10 for $7.00 ] '30"” s?snoon wn‘:‘:n $180.00 v
equipment Q - 100 for
all plug directly gg‘ll-'gu'l “; ;:3;:: @é;;ﬁs Ise‘;lgﬁ cod \a‘(:ﬁ;n;::;red
Ll . Svde@12amp Either 24 vdc or 120 vac STANDARD JUMBO D.RS.T. LIGHTED
el — Svde @ 200 ma LARGE QUANTITIES AVAILABLE DIFFUSED T1%2 ROCKER swm:n
Y SIZE: 4% x4 x 1% hign  $5.00 each SOCKETS FOR KH RELAY RED  l0fors1s0 3‘ 5vac Ighted rocker (
each 0 for $13.1 2p m in
SVOC @70 ma. $2.00 GREEN  10for$2.00 i x1%" hole
S e ston, $250 | 13.8 VDC REGULATED POWER SUPPLY | RECHARGEABLE 100 for $17.00 Dracgelend. 16 amp
192\'?5.!% 503;;“. $5.00 These are solid state, fully reguiated 13.8 vdc N‘ 'CAD BATTERI ES YELLOW m?r::r(‘sffss 150
24 VAC @ 250 ma. :ggg power supplies. Both feature 100% solid state = ﬂ i MINI-PUSH BUTTON
MULTI-VOLTAGE @ 500 ma. construction, fuse protection. and L.E.D. power =0 e__.."—';a FLASHER LED S.PS.T momantary
34v2,6,7290r12V0C g750 indicator. UL listed 5 volt operation normally open
2amp constant, 4 amp surge $18.00 each |AAA SIZE 1,25V 500mAH $1.85 red jumbo T 1% H‘eub:z{‘llon
MINI-BOX AA SIZE 125V 500mAH $1.85 size $1.00 each 35¢ each
3amp constant, S amp surge $25.00 each  [AA with solder tab $2.00 10 for $3.00
BT iy it ake 23| 1 eveouus
7/ sesack 7 CONDUCTOR : : jumge T 1 sz
1 2for $1.70
\Aea\ly-aulyua\:k RIBBON CABLE UNIVERSAL CHARGER 3{;( SNAP ACTION
henol ith cover an LED HOLDERS
phenolic project box with cover and AR = SWITCH
Iscrews. 23 X 11" X 1% /"’",_'_ ~~ Two piece holder @
for Jumbo LED Cherry elect. #E-21. N.O.orN.C
FU SES '- 10for65¢ 100 for $5.00 D_Mgonlnﬂs. Suitable for alarms
CLEAR CLIPLITE and other low energy circuits
3&6 (AGC) SIZE de asieady + 5 1%’ lever.
b 2. 24 3. 4.5, 6 AMP 5’:‘?' nggé?'npamfvrlol::;:lut!ry Will :harge 4-AA, C, D, or AAA LED HOLDER 4SeEACH. 10FOR $4.20
G“'“ SIZE t3.510 6.25 volt Spectra-strip red marker strip, ni-cads or one S volt ni-cadat |  MakeLED a fancy
123 4 5AMP QFL8 | sup ’2?'1 s :?'F' A LL g o stranged s one time. , indicator. Clear %; ROTARY ACTION
5 of any ONE amperage 75¢ " s1.50 each s 00 per 100 roll $11.00 per charger 41or$1.00

QUANTITIES LIMITED
MINIMUM ORDER $10.00
USA:53.00 SHIPPING

MICRO
OMRON #C-5G3-C41 .
Cleckwise action micro @

used in coin operated

mechanisms and low torque

operations

INCLUDING SUFFICIENT :;Tzco:hmps@ 125:.‘:.‘1

SHIPPING .25 each 10 for $11.00
" 1

CALIF RES. ADD 6'2% LARGE QUANTITIES AVAILABLE

9861 AHYNHa3d
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REPLACEMENT FOR

ECG®/GE®/SK®

TRIPLERS Min3rc/Type | OUTPUT :
TRIPLERS wrore e | SRANSISTORS. <SP

5 Pc Min 100 Min

SOLAR CELL SPECIAL: 4 In. Diameter Rated .45 VDC At 1.2
Amps Or Better. Brand New Units, Cosmetic Seconds, But
Perfect Electrically. *3.99 6/$20.

GES28 SK3115 THE NEW ZRT-80
525/5k3506........ 9.95 | 165/ce3 ......... 225 195
S26A/Sisk....... 995 | 238/550. ... =SS LR A LOW cgrRzIo LEEEM;LE%OIIRDB Jguecﬁug !foos AN
528/s¢3906........12.75 | 2858/s3467........2.75 2.25

ASCII KEYBOARD, POWER SUPPLY, AND VIDEO MONITOR TO MAKE A
COMPLETE CRT TERMINAL. USE AS A COMPUTER CONSOLE, OR

5W\|‘
i WITH A MODEM FOR USEWITHANY OF THE PHONE-LINE COMPUTER

529/53307........11.80 | 2SD1381P/12""..2.25 1.90

-__ SERVICES.

: FEATURES:

AUDIO POWER RECTIFIER « Uses a Z80A and 6845 CRT

152/ 10 Pc Min - 100 N;‘a‘ DIODES Conlroller for powertul video
SK3893 . - capabilities.

153 /sk3274 . .24 100 Pc Min 1000 Pc Min * RS232 at 16 BAUD Rates from 75

196/ sx3054 .44 125 1o0ovizse 07 .05 to 19.200.

197; 59 54 + 24 x BO standard lormal (60 Hz).

Y /ssts J ‘a8 156 1000v/5A .18 14 & Obonal Tormats loom 24 % 00

:92/::::3 ':S a4 50 Jampertivolt 29 22 (50 Hz) to 64 lines x 96 characters

(60 Hz),

Higher density lormats require up to
3 additional 2K x 8 6116 RAMS.
Uses N.5. INS 8250 BAUD Rate
Gen. and USART combo IC.

3 Terminal Emulation Modes which
are Dip Switch selectable. These

inciude the L51-ADM3A. the Heath
H-19. and the Beehive. 8 9

.

SPECIAL OF THE MONTH
375/sxa118 a4a¢ 1 rcmin 39¢€ 100rcmin

712 B8 75€ wecmin 60¢€ 100 rcmin

+ Composite or Split Video. 4ZRT-80

= Any polarity of video or sync.

* Inw Video Capability. COMPLETE KIT, 2K VIDEO RAM)
., SUPER SAVINGS  Shail Size 55 % 8 nches. (MEETE B 2R YD
njlig 50 n.;lg hzll‘l: 2 ey Monercase e N Sascancan. CHAR. ROM. 2732 MON. ROM
A8 | 1939...... . . * Requires Par. ASCI| keyboard. s a5
.%g 160...... .88 .77 Eeh 49
‘14 SOURCE DISK SOURCE DISKETTE - ADD §10
09 | 163A .10 235 199 (BRI oM ATIELE) SET OF 2 CRYSTALS - ADD $7.50
.Sg 171. .ﬂg gg
53 38 30 Digital Research Computers
38 30 _4s (OF TEXAS)

FOR A COMPLETE LIST CALL OR WRITE—C.0.D. Orders Welcome (Min. Order $25) P.O. BOX 381450 « DUNCANVILLE TX 75138 » (214) 225-2309
DIGITRON ELECTRONICS
110 HILLSIDE AVENUE, SPRINGFIELD, NEW JERSEY 07081
Toll Free 1-800-326-4928 In NJ 201-379-9016 Telex 138441
PRICES SUBJECT TO CHANGE WITHOUT NOTICE. OFFER GOOD WHILE SUPPLY LASTS.
[ECG Is a Trade Mark of Philips ECG
Digitron Electronics Is not assoclated In any way with Phillps ECG

Call or write for a free catalog on Z-80 or 6809 Single Board
Computers, S5-50 Boards, and other S-100 products.

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75¢ handling. No
C.0.D. We accept Visa and MasterCard. Texas Res. add 5-1/8% Tax. Foreign orders
{except Canada) add 20% P & H. Orders over $50 add 85¢ for insurance.

ALL SALES SUBJECT TO THE TERMS OF OUR 90 DAY LIMITED WARRANTY.FREE COPY UPON REQUEST.

CIRCLE 57 ON FREE INFORMATION CARD

TRIAC: 745 SERIES PRINTED CIRCUIT BOARD
. PRV 1A 104 I5A * Sided
ZBOA CPU 175 TIP 218 NPN 51 TO-220. . § 40 35 A0 1. 100 35 80 1.40 ; ;:x ?‘3 - :ms- Dﬂ* cw' h‘m“m L"'ZE
Z80A CPU 4.50 ! - TIPI2BPNP S TO-220 , . § 4 ¥y A | 200 .50 .80 1390 € TASE JIW
. : TIPS PNP S, ; -y 200 70100 260 s e i s 7 EPOXY GLASS VECTOR BOARD
TIPYIY ... F ¥ 1 600 1.00 1.20 360 4 745113 .50 | Ihs mknhnmo‘lmlu
.40

TIP 121 PNP Si Uﬂl
TIP 141 NPH 5i LGT .
_;5 : TI-\NTULUM CQPACITORS
75 . JIUF 35V 4 15UF 168¥  2/$1.00
I8 4 ATUF 38V J 22UF 10V $ 30
o 2 L8UF I5V | 30UF BV 5/$1.00
75 . 1UF 20V
22UF 20V

3 LM3pE -85 LM1381
2N4D4A PNP GE TO-5. i (! LM387 135
IH130TPNPGE TO-5. . . § 40 50 LM 40
DPS2000-DUAL LF3pgA  3.00

POWER DARL. . §3 “ ADBOBJH 250
INZ2II NPN §i TO-18. . ADSZUID 495
2N2D0T7 PNP 5i TO1B
TIP 2955 PNPSI . . . r
2N305S NPN 8 TO-3 4 A5 B
MJEIOSET. . . 65
N3G04 NPN Si TO-B2. . 1 |g
ANIBOE PNP 5 TO92 . .
IN4008 PNP 51 TO-, . . . 814 1 5
INB109 PP 5i TO-220 4 110
MUE1I003A 400V NPN . . $1. a5
MAF-8004 CM AF

TRANSISTOR NPN 5.5

pISC HEP GBO14-PNP GE TO-J.8 86

REGISTERS s

Controllers TTL IC SERIES
MM1402 1.75 : DI65C 4.
MM1403 1.75 25126 A 17;15 4.§ 3 3:22 - ;::gtm
MM1404 1.75 . 1791 950 N 485 TaTM
MMEO1I 250 1783 0.50 g 7488 14175
1705 12.00

1787 1200

35 745161 1.3% i 10UF 20V y JIOUF 10V
A5 745163 1.25

Disc CAPM:ITURS INa148 (EN914]
74LS SERIES [kt !
1 V.

A7 T4LS107 TALS24T
17 T4LS09 TALS242 LMIIBK 8275
A7 TSN TALS243 3407558,

A7 T4LS11Y TALS244 A 91215,

A7 T4LS114 TALSME | 12, 1Bor MV § A5
A7 1AL TALSME 1. or $ 723 $ A5
A7 TALS1ZS TJALS24T TBMS5, 120r 16 § 4 LAs1412

A7 TALS126 TALSME 21K (LA140E) $1. ?5 +12VIA 5395
A7 TALSI32
7418138 L1411-1R Datector

748137 g FP 100 Phots Trans

7415138 J Red LED .2*

T4L5139 = Yel, Gr, or Amiber Ly LED's .2~
BB + Red-Green Bipolar LED .
TALS153 Red-Yellow Bipolar LED
MLEDG2 IR LED. . .
MRD148 Photo Dar, xTOR

.75
1.25
4.00
280
1.85
4.50
4.50
495
1.20

GhEEERNRERREY
BEEBEERERRBNRRRERR

zézel
Bk

EaEREs8ERE!

MC1388 70 LM13080

C/MOS

T4CO151.10 4027 .
74C921 150

CRYSTALS

INTER FACE &
DRIVERS IIA
3628A3

AYB1013A 375 a3y ;
475 giges : 5000 18.432
5 amgziac 20.000
50 o 340 175 e,

395
TOGGLE NO. 30

sosmmsror 10| NIAE WRAP
~SPOT- IRE SINGLE
” W060-DPOT— 140 W

206P-DPDOT - 1.80 ;
- Cene Off | 100°. .. 51,40

12V DC RELAYS
TTLSIZE PRINTED CIRCUIT BOARD
S.P. 400 ohm coll 4" x 6" DOUBLE SIDED EPOXY
J8 BOARDED 1/16” THICK
D.F, 400 ohm coil B0wa. . .
E L]

EalBEBRBRELERRER
HIRABEARRUSRALRLRRY

EskBEREERRRbRNY

TALSIET

FULL WAVE
7415288 ERfnaE DIP SWITCHES

TALSITI
Livigrrir gy p CTS 206- 4 4 Position

B0 130 2. CTS208- 7 7 Position
T4L5277 CT5206- 8 8 Position
TS 206-10 10 Position

WIRE 5
WRAP o8 B
SOCKETS | connECTOR 65 74158 |
o 74C182 1.40
DBgP T80 TACZAE 1.75
et 15 | 155N 30| ogos 20 4181 - T4C001 35
al 1BPIN 85 yaans g 2 Ta16z | 2 TACD02 4D i
PN 20| 20PN 90| ppoes - 74161 | f 74C903 | : 2 aess
2”: .g 24PIN 110 | ppdes TAT4 74164 2 740007 % ! “‘—"" :
287N 125 | yoos - 7475 74165 : ' g : " s
40PN 1,80 7478 “'M‘W : ez s

SILICON POWER RECTIFIERS
3A 1ZA S0A 1I8A 2404
14 38 50 550 6.50
17 .50 1.30 700 9.00
25 65 1.50 10.00 12.00
]
3s
45

sEbsshbeRsRAkzhRsoRBBERTREREY

B0 2.00 13.00 16.00
1.00 2.50 16.00 18.00
1.26 100 2000 2600

POSTAGE ADD 10% FOR ORDERS UNDER $25.00 TEAMS: FOB CAMBRIDGE, MASS, SEND CHECK OR MONEY ORDER SEND $.25 FOR OUR CATALOG FEATURING
RATES ADD 5% FOR ORDERS BETWEEN $26.00 AND $50.00 MINIMUM TELEPHONE, €.0,0, PURCHASE ORDER OR CHARGE $20.00. TRANSISTORS & RECTIFIERS,
ADD 3% FOR ORDERS ABOVE $50.00 MINIMUM MA|L OFDER $5,00, 145 HAMPSHIRE 5T., CAMBRIDGE, MASS. 02130

¢() SOLID STATE SALES T o OF OUR GRDERS WITHIN

P.0. BOX74D - SOMERVILLE, MASS. 02143 pOS e LRI Jo oo 24 HOURS OF RECEIPT

ORDERS ONLY

MInAL E T4 AR EDEE INENRMATION CARD



BUILD YOUR OWN XT COMPATIBLE SYSTEM

640K
KT GCOMPATIBLE
MOTHERBOARD

* 4.77 MHz 8088 CPU, OPTIONAL
8087 CO-PROCESSOR

* 8 EXPANSION SLOTS

* 0K RAM INSTALLED, EXPAND-
ABLE TO 640K ON-BOARD
MEMORY g

* 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-Alternate-Break

HARD DISK
SYSTEMS

MINISCRIBE/SHUGART
10 MEGABYTE HALF HEIGHT $395

SEAGATE ST-225 525
20 MEGABYTE HALF HEIGHT
Includes short slot HD controller, cables,

mounting hardware and instructions. All
drives are pre-tested. One year warranty.

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE

HOURS: M-W-F, 9-5 TU-TH, 9-9 SAT, 10-3

JDR Microdevices PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING

TERMS: Minimum order $10.00. For a indling Inci | or
1224 S. Bascom Avenue, San Jose, CA 95128 Groun and S35 for UPS A OrirGvr 1 and loreig crrs oy e
800-538-5000 © 800-662-6279 (CA) ® (408) 995-5430 e e e P o R T reciuasion N e i 0 duye
FAX (408) 275-8415 e Telex 171-110 Subsitte manachrer, Al merchancise subject 1 pris sale. || ories and to

© Copyright 1985 JDR Microdevices

9861 AH¥NHa3d

1

w
-
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RADIO-ELECTRONICS

-
(4]

4164 200ns 69¢ 41256 150ns $295

STATIC RAMS * % % Kk HIGH-TECH % * % % EPROMS

2101 256x4  (450ns) 1.95 2708 1024x8  (450ns) 3.95
5101 256x4  |450ns){CMOS) 3.95 "Ec vzn uPn 701 oﬂ $2095 2716 2048x8 650 2.2
2102L-4 1024x1  (450ns)(LP) .99 o . ¢ e 5

2716 2048x8  (450ns)(5V) 1.95

210212 1024x1  (250ns}(LP) 1.45 z 2716-1 2048x8  (350ns){5V) 2.49
i3 25ea  dson Tas REPLACES B0B88 T0 SPEED UP IBM PC 10-40% 27361 Z0a8x8. Ssomov) 248
2 . Ioeeat il (Sston 133 Wl + HIGH-SPEED ADDRESS CALCULATION 2732 ey B raim ot e E
2114L-2 1024x4  (200ns)(LP) 1.49 IN HARDWARE 273242 BV :zw PGM) 3.95
Tms4oaas  a0o6e1  (some 195 [l * PIN COMPATIBLE WITH 8088 764 8192x8  (asonalev) o Ts
TMM2016-150  2048x8  (150ns| 1.49 * SUPERSET OF 8086,/8088 INSTRUCTION 2764-250 81928  (250ne)(8V) 249
Ll:\;ﬂ:;?uo ggﬁxg t; %ns e :.gg SET 2764-200 8192x8  (200ns){5V) 3.49
: x ns) : TMS2564 8192x8  (450ns)(5V) 8.95
HMG163 = 2048x (sonslicmos) 148 * LOW POWER CMOS MCME8766 8192x8  (350ns)(5V)(24 PIN)  17.95
: x ns) ; 27128 16384x8  (250ns){5V) 279
MME116LP3  2048x8  (150ns)(CMOS (P 189 8MHz V20 UPD70108-8 $24.95 27¢256 327688  (250n9)(5V)(CMOS) 1295
1 - X ns)(CMOS| - 27256 7.49
HMG264P-15  8192x8  (150ns){CMOS 389 8MHz V30 UPD70116-8 $26.95 S Bingle 5 Voh Samty . 11 21y PN Proorantat 21 Vots
HM6264LP-15  8192x8  (150ns)(CMOS|(LP)  3.95

HMG264LP-12 B8192x8  (120ns)(CMOS)(LP) 4.49
LP-Low power

DYNAMIC RAMS

4116-250 16384x1 (250ns) 439
4116-200 16384x1 (200ns) 69
4116-150 16384x1  (150ns) a9
4116-120 16384x1 (120ns) 1.45
MKa332 32768x1 [200ns) 6.95
4164-200 65536x1  (200ns)(5V) 69
4164-150 65536x1 [150ns)(5V] 79

* % & A SPOTLIGHT % * % %

ORDER TOLL F
800-538-5

H1GoRs0rATION EPROM ERASERS

4164-120 65536x1  (120ns)(5V) 1.95

MCMEE65 65536x1  (200ns)(5V) 1.95 o -

TMS4164 65536x1  (150ns)(5V] 1.95

4164-REFRESH 65536x1  (150ns)(5V)(REFRESH) 2.95 [ Model | Timer | Capacity | Intensity Unit

TMS3416 16384x4  (150ns)(5V) 495 Chip | (uW/Cm?) Price

41128-150 131072x1  (150ns)(5V) 5.95 TPEa | s

41256-200 262144x1  [200ns)(5V) 285 :: 1:T | NO B 8,000 83.00

41256-150  262144x1  (150ns)(5V) 2.95 13T LILVES 3 50001 }STXHI00
5V=Single 5 Volt Supply REFRESH=Pin 1 Refresh PE-24T T YES 12 9,600 5$175.00

GIIYS'I'ILS 741500 HIGH SPEED CMOS

GRT
CONTROLLERS

32.768 KHz 74LS00 16 74LS165 .65 A new family of high speed CMOS logic featuring

55021'0 MHIz e 74LS01 A8 74LS166 .95 the speed of low power Schottky (Bns typical gate

6845 4.95 741502 A7 74LS169 .95 propagation delay). combined with the advantages of

65C02 (CM05112.95 68B45 B.95 741503 a8 74L5173 .49 CMOS: very low power consumption, superior noise
9.95 immunity, and improved output drve.

741504 16 74LS174 .39
741805 .18  74LS175 .39
741508 .18  74LS191 .49
74LS09 .18  74LS192 .69
74LS10 .16  74LS193 .69
740811 22 7415194 .69
; y ’ 741512 .22 74LS195 .69

TMS9318A : ! : 741513 .26  74LS196 .59
. - T4L514 39 74L5197 59

TF4LS15 26 74L5221 .59
741520 17 7415240 .69
741521 .22 7415241 .69
74L822 22 7415242 .69
740827 23 7415243 69

6847
HDA465055P 6.95
MmCi1372 2.95

74HCO0

T4HC: Operate at CMOS logic levels and are ideal
for new, all.CMOS designs

J4HCO00 59 74HC148 1.19
TaHCO02 .59 74HC151 .89
T4HCO04 .59 74HC154 2.49
FAHCO8 59 T4HC157 -89
74HC10 59 T4HC158 95
74HC14 79 74HC163 115
JAHC20 59 FAHC175 .99
F4HC27 .59 FJAHC240 1.89
F4HC30 59 T4HC244 1.89

CONTROLLERS

1771 4.95 74L528 .26  74LS244 .69 74HC32 69 74HC245 1.89
1791 9.95 74Ls30 A7 7415245 79 F4HC51 59 74HC257 .85
1793 9.95 74L532 A8 74L5251 .49 TF4HC74 5 74HC259 1.39
1795 12.95 74LS33 .28  74LS253 .49 74HC8S5 1.35 74HC273 1.89
1797 12.95 74L837 -26  74L5256 1.79 74HCE6 .69 74HC299 4.99
2791 19.95 74Ls38 -26  74L5257 .39 74HCI3 1.19 74HC368 .99

74Ls42 .39 7415258 .49
74L547 .59 7415259 1.29
74L548 .69 7415260 .49

2793 19.95
2797 29.95
6843 19.95

7aHC107 -79 74HC373 2.29
74HC109 79 74HC374 2.29
74HC112 79 74HC390 1.39

8272 4.95 74L551 A7 74LS266 .39 74HC125 1.19 74HC393 1.39
UPD765 4.95 74L873 .29 7415273 .79 74HC132 1.19 74AHC4017 1.99
MBB876 12.95 74L574 24 7415273 .39 7F4HC133 69 T4HC4020 1.39
MB8877 12.95 74LS75 .29  74LS280 1.98 74HC138 .99 74HCA4049 .89

74L576 29 74L5283 59
74LS83 .49 7405290 .89
74LS85 49 74L5293 .89
TJALS86 .22 74L5299 1.49
J4LS390 39 74L5322 3.85
741592 49 74L5323 2489
74L593 i | 74LS364 1.95
74L595 49 74L5365 39
74L5107 .34 74L5367 .39
74L5109 .36 74L5368 .39
74L8112 .29 74L5373 .79
J4L5122 A5 74L5374 .79
74L5123 49 J4LS375 95
74L5124 275 74L8377 .79
74L5125 .39 74LS378 1.18
74L5126 .39 74L5390 1.19

1691 6.95
2143

FAHC139 99 T4HCA050 -89

74HCTO0

T4HCT: Direct, drop-in replacements for LS TTL
and can be intermixed with 74LS in the same circuit
F4HCTOO -69 TAHCT166 3.05
F4HCTO2 -63 T4HCT174 1.09
FAHCTO4 .69 J4HCT193 1.39
7AHCTOS .69 JAHCT194 1.19
FAHCT10 .69 J4HCT240 2.19
T4HCT11 .69 FJ4HCT241 2.19
74HCT27 .69 FAHCT244 2.19
T4HCT20 .69 FAHCT245 2.19
74HCT32 .79 TAHCT257 -89
FAHCT74 -85 74HCT259 1.59

BIT RATE
GENERATORS

MC14411 9.95
BR1941 4.95
4702 9.95
COMB116 B8.95
MM5307 4.95

ZBO-CPU 25MH: 1.79

8800 4.95 7415132 .39 7415393 79 JAHCTTS ‘35 74HCT273 2109

4.0 MHz ea802 5.95 UARTS 7415133 .49  74Ls541 1.4 W 74HCT138 115 J4HCT367  1.08
280A-CPU 1.89 68B0O9E 7.95 AY5-1013 3.95 74LS136 .39 74LS624 1.95 F4HCT139 1.15 F4HCT373 2.43
ZBOA-CTC 195 68B09 7.95 AY3-1015 4.95 74LS138 39  74LS640 .99 74HCT154 299 7J4HCT374 2.49
ZBOA-DART  5.95 4.95 7415139 .39 7415645 .99 F4HCT157 a9 74HCT393 1.53
ZBOA-DMA 5.95 8.95 74L5145 .99 74L5669 1.29 FJ4HCT158 99 J4HCT4017 219
sy g qasen e Wumenel im atuoe 1o
EROASIO/0 S 255 TMs99531 995 [l 7415151 .39  74LS683 320 FEORRRIAD

e TMS99532 19.95 il 7415153 .39  74LS684 320

ULN2003 79 74L5154 1.48 74L5688 240
74LS155 .59 74L5783 22 95
74L5156 .49 81LS95 1.49
74LS157 .35 B1LS96 1.49
7415158 .29 811537 1.48
74L5160 .29 B81LS98 1.49
74L5161 .39 25L82521 2.80
74L5162 .49 25152569 2.80
74L5163 .39 26LS31 1.95
26LS32 1.95

74F00

T4F00 .69 74F74 .79 T4F251 1.69
74F02 .63 74FB6 .99 T4F253 1.69
74F04 .79 74F138 1.69 74F257 1.69
FAFOB .69 74F139 1.69 74F280 1.79
74F10 .69 T4F157 1.69 74F283 3.95
74F32 .69 74F240 3.29 T4F373 4.29
TAFGA -89 TAF244 3.29 TAF374 4.29

CGIRCUITS

MM5369 1.95
MM5369-EST 1.95
MMEB167 12.95
MM58174 11.85
MSM5832 2.95

VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE

J = = HOURS: M-W-F, 9-5 -TH, 9-9
D I ‘ l u Io ewces TERMS: Minimum order $10.00. For shipping and handling include $2.50 for UP

1224 S. Bascom Avenue, San Jose, CA 95128 R e s N Dl ot R Mt Py, sdeny Koty o4

800-538-5000 ® 800-662-6279 (CA) * (408) 995-5430 Ioents mustinchude appicabe sete . Al mercharcles s waardd for 50 caf
FAX (408) 275-8415 e Telex 171-110 e A e Bl riches e oy Yol s s

76477 3.95
76489 B8.95
581-263 39.95
AY3-8910 12.95
AY3-8912 12.95
SP1000

ZB0B-DART  14.95
ZBOB-S10/0 12.95
ZB0OB-510/2 12.95
ZB671 ZILOG 19.95

2513-001UF 695
AY5.2376 1195
AYS5-3600 PRC 11.95

© COPYRIGHT 1985 JDR MICRCDEVICES, INC.

THE JOR MICRODEVICES LOGO IS A REGISTERED TRADEMARK OF JOR MICRODEVICES. JOR INSTRUMENTS AND JDR MICRODEVICES ARE TRADEMARKS OF JOR MICRODEVICES.
IBM IS A TRADEMARK OF INTERNATIONAL BUSINESS MACHINES. APPLE IS A TRADEMARK OF APPLE COMPUTER.

CIRCLE 281 ON FREE INFORMATION CARD



PARTIAL LISTING ONLY — CALLFOR A FREE CATALOG

4001 19 14418 495
4011 A9 14433 14.95
4012 25 4503 49
4013 35 4511 .69
4015 29 4516 .79
4016 29 4518 .B5
4017 A9 4522 79
4018 59 4526 79
4020 59 4527 1.95
4021 .69 4528 .79
4024 49 4529 295
4025 .25 4532 1.95
4027 39 4538 95
4028 65 4541 1.29
4035 69 4553 5.79
4040 69 4585 75
4041 75 4702 12.95
4042 59 74C00 .29
4043 -85 74c14 .59
4044 69 JACT4 59
4045 1.98 74C83 1.95
4046 69 74C85 1.49
4047 69 74C95 .99
4049 29 74C150 5.75
4050 .29 74C151 2.25
4051 69 74C161 99
4052 69 74C163 99
4053 69 74C164 1.39
4056 219 74c152 143
4060 B9 74C193 1.49
4066 29 74C221 175
4069 .19 74C230 1.89
4076 .59 74C244 1.89
4077 .29 74C374 1.99
4081 22 74C905 10.95
4085 79 74C911 8.95
4086 -89 74C917 8.95
4093 49 74C922 4.49
4094 2.49 74C3922 4.95
14411 9.95 74C926 7.95
14412 6.95 BOCS7 .95

EDGECARD CONNECTORS

?400/ 8000

74159

7400 74147 249
7402 .1 3 74148 1.20
7404 19 74150 1.35
7406 29 74151 55
7407 29 74153 55
7408 24 74154 1.49
7410 19 74155 .75
7411 74157 L

PIN CENTRONICS

'MS[II]

745163

.29 745168
.29 745174
.29 745175
.29 745188
.35 745189
.29 745195
.35 745196
.29 745197
.35 745226
69 745240
69 745241
A9 745244
.95 745257
35 745253
50 745258
275 745280
79 745287
55 745288
.79 745299
.79 745373
.79 745374
Fa5471

74557

DATA ACO

ADCO800 1555
ADCO804 3.49
ADCO809 4.49
ADCO0816 14.95
ADCO0817 9.95
ADCO0831
DACO0B00
DACOB06
DACOB08
DAC1020
DAC1022

MC1408L8 2.95

DSBB37

100 PIN ST  S-100 125 3.95 ICL7106
100 PIN WW S-100 125 4.95 IDCEN36  RIBBON CABLE 6.95 617107
62 PIN ST IBM PC 100 1.95 CEN36 SOLDER CUP 495 ICL7660
50 PIN ST APPLE 100 2.95 RT ANGLE PC MOUNT ICLB038
44 PINST STD 156 1.95 FEMALE ICM7207A
44 PINWW STD 156 4.95 IDCEN36/F RIBBON CABLE ICM7208
| CONTACTS
DESCRIPTION ORDER BY
8 [ 14 [ 16 |18 |20 |22 |24 |28 [40

HIGH RELIABILITY TOOLED I

Ty AUGATxxST [.62 | .79 | .89 11.09 [1.29 |1.39 [1.49 |1.69 |2.49
HIGH RELIABILITY.TQOLED | AUGATxxWW [1.30 [1.80 |2.10 |2.40 |2.50 |2.90 [3.15 [3.70 [5.40

COMPONENT CARRIES

LD ICCxx 49 |59 | 69 .99 | .99 [ .99 | .99 |1.00 1.48

RIBBON CABLE

DIP PLUGS (IDC) 1DPxx 95 | 95 | = | | — |1.75| — |2.95

D-SUBMINIATURE

FOR ORDERING INSTRUCTIONS SEE D-SUBMINIATURE BELOW

INTERSIL

15.95

79 TO-220 CASE

30 7805T .49  7905T .59
195 7808T .49  7908BT .59
195 7812T 49 79127 59
149 7815T .49 7915T .58
1.49 3 CASE
1.49 7805K 195> ©356k 1.40
3.99 7812K 1.39  7912K 1.49
1.49 TO-92 CASE
1.49 78L05 49  79L05 .69
1-% 78L12 49 79112 .69
79 OTHER VOLTAGE REGS
o uaaasr.m i
169 78HO5K5Y 54 T0-3 7.95
bir+d 78H12K12V5A TO-3 B.95
298 78POSK 5V 10A TO-3 14.95
1.69
1.69

AUGAT 245T

ST
5T
5T

9.95 16 PIN ZIF
12.95 24 PIN ZIF
2.95 28 PIN ZIF
4.95 40 PIN ZIF

AR IR

ORDERING INSTRUCTIONS: INSERT THE NUMBER OF CONTACTS IN

MARKED “xx" OF THE "ORDER BY™ PART NUMBER LISTED.
EXAMPLE: A 15 PIN RIGHT ANGLE MALE PC SOLDER WOULD BE DB15PR.

MOUNTING HARDWARE $1.00

IDC CONNECTORS

THE POSITION

IDB37S

CONTACTS

DESCRIPTION ORDER BY 0 20 26 33 a0 50
SOLDER HEADER IDHxxS B2 |1.29 [1.68 |2.20 (258 |3.24
RIGHT ANGLE SOLDER HEADER IDHxxSA -B5 11.35 |1.76 |2.31 [2.72 |3.39
WW HEADER IDHxxW 1.86 (2.98 |3.84 [4.50 |5.28 |6.63
RIGHT ANGLE WW HEADER 1D 2.05 |3.28 |4.22 |4.45 |4.80 |7.30
RIBBON HEADER SOCKET IDSxx 79 | 99 |1.39 |1.59 |1.99 |2.25
RIBBON HEADER IDMxx --- |5.50 |6.25 |7.00 |7.50 [B.50
RIBBON EDGE CARD IDExx 1.75 [2.25 |2.65 |2.75 |3.80 |3.95

HOOD25
— \
CONTACTS =—— g
DESCRIPTION ORDER BY
9 [1s]19[25]37]s0 [ 1 |
MALE DBxxP .82 | 90 [1.25)1.25/1.80]3.48
SOLDER CUP
FEMALE | DBxxS .95 [1.15]1.50[1.50[2.35[4.32 MTG HDWR
RIGHT ANGLE MALE DBxxPR 1.20(1.49| - |195|265| —
PC SOLDER FEMALE | DBxxSR 1.25[155] — [2.00[279] -
MALE DBxxPWW | 1.69[2.56| - [3.89(5.60| —
RVIE WAL FEMALE 2.76|4.27| -~ [6.84]9.95
IDC MALE IDBxxP 270|295| — [3.98|570| —
RIBBON CABLE | FEMALE | IDBxxS 2.92|320| - [4.33]6.76] -
HOODS METAL MHOODxx | 1.25[1.25|1.30[1.30] — | —
GREY HOODxx 65 | .65 65 | .75 | 95

HARD T0 FIND
“SNAPABLE" HEADERS

CAN BE SNAPPED APART TO
MAKE ANY SIZE HEADER,
ALLWITH .1" CENTERS

1x40 STRAIGHT LEAD -89
1x40 RIGHT ANGLE 1.49
2x40 STRAIGHT LEAD 249
2x40 RIGHT ANGLE 2.99

BLOC

FOR ORDERING INSTRUCTIONS SEE D-SUBMINIATUR

E AB

OVE

VOLTAGE
REGULATORS

ww 183 1
WW-WIREWRAP

4.95
5.95
6.95
9.95

ZIF=TEXTOOL
(ZERO INSERTION FORCE)

SHORTING

CALL FOR VOLUME QUOTES

=]l Hill,

NC

CALL

CALL NES30 75452

CALL NE592 98 75453 39

CALL - ?5477 4
49 79

MDAS90-2
N2222
PN2222
2N2905
2N2907
2N3055
2N3304

TiL- ||1

2N3306
ZNa40

LED DISPLAYS

FND-357(358) COM CATHODE .
FND-500(503) COM CATHODE 5"
FND-507(510)  COM CATHODE 5"

2 COM ANODE  .3"
COM CATHODE .3"
COM CATHODE 8"
COM CATHODE .3"
COM CATHODE .43"
4x7 HEX W/LOGIC .270"
HP5082-7340 4x7 HEX W/LOGIC 290"

DIFFUSED I.EI]S

JUMBO RED
JUMBO GREEN
JUMBO YELLOW
MOUNTING HDW
MINI RED

7.95
1-99

T1 ’ﬁ
Ti%
Ti%
™

SWITCHES

MINI-TOGGLE ON-ON 1
MINI-TOGGLE ON-ON 1
MINI-TOGGLE ON-OFF-ON 1
MINI-PUSHBUTTON N.O.
MINI-PUSHBUTTON N.C.
5P TOGGLE ON-OFF

BCD OUTPUT 10 POSITION & PIN DIP

DIP SWITCHES

4 POSITION -B5 7 POSITION 95
5 POSITION 90 8 POSITION -85
6 POSITION .90 10 POSITION  1.29

RIBBON CABLE

SINGLE COLOR | COLOR CODED
CONTACTS T 0 ¥ 0

10 A8 1.60 .30 2.75
16 28 250 A48 4.40
20 36 320 .60 5.50
25 A5 4.00 75 6.85
26 A6 4.10 78 7.15
34 61 5.40 1.07 9.35
40 J2 6.40 1.20 | 11.00
50 .89 750 1.50 | 13.35

COPYRIGHT 1985 JOR MICRODEVICES
CIRCLE 113 ON FREE INFORMATION CARD
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oroerToLLFREE  800-538-5000
BARGAIN HUNTERS CORNER
DISK DRIVE SPECIALS

PRECUT ASSORTM

100ea: 5.5", 6.0", 6.5", 7.
250ea: 2.5, 4.5, 5.0"
500ea: 3.0%, 3.5", 4.0”

SPOOLS

EMI FILTER

* MANUFACTURED

V2 HEIGHT DIR

$7.95
DATARASE EPROM ERASER

PACKAGES (FCK. OF) « 80 D

+ USE

CAPACITORS $34.95

FROM ESCAPING

COMPUTER GRADE 44,0004 30V

WISH SOLDERLESS BREADBOARDS

.1 uf MONOLITHIC 100/512.50

CIRCU

PAGE WIRE WRAP WIRE

IN ASSORTED COLORS s$27.50
a7

100 feet $4.30 250 feet $7.25
500 feet $13.25 1000 feet$21.95

QUME QT- Please specify color:

5 HEIGHT, IBMk Blue, Black, Yellow or Red

$4.95

SYSTEMS
+ ERASES TWO EPROMS IN 10 MINUTES
15TANTALUM + COMPACT-NO DRAWER - - 15V @ 4A, 112V @ 2.5A
TEy « THIN METAL SHUTTER 5V @ .5A, -12V @ .5A
PREVENTS UV LIGHT + APPLE POWER CONNECTOR

12V @ 2.8A, -12V @ 30A

800-662-6279 (ca)

WIRE WRAP PROTOTYPE GARDS
FR-4 EPOXY GLASS LAMINATE
WITH GOLD-PLATED EDGE-CARD FINGERS

ENT

IBM-PR2
IBM

BOTH CARDS HAVE SILK SCREENED LEGENDS

BY Concom AND INCLUDES MOUNTING BRACKET
: BM- ‘ ... 827.95
TS-806 CAi RN seion R [l 20 TRSMAM OO TANG - s
ONE TEAC FD S-100
HEIGHT HARB'D T zs EEBNL.I;CITHOE cunns = P100-1  BARE-NOFOILPADS ........... $15.15
- P100- HORI .
%”E‘%"FOEET"SS‘QLT’F Rl [l e
¥ 3 " FEMALE SOCKET 1.43 ! SGLE Fox’;n;fé"mi 2+ 22
HURRY — QUANTITIES ARE LIMITED! MUFFIN FANS P00-1  BARE-NOFOILPADS «.......... s1515
3.15" sQ ROTRON 1495 P500-3  HORIZONTALBUS . ... .00vonnns $22.75
SPECIALS END 2/28!86 o ETRI 4. P500-4 SINGLE FOIL PADS PERHOLE . ... .. $21.80
MASUSHITA .

16.95 7060-45 FOR APPLE lle AUX SLOT

SOCKET-WRAP 1.D.™ ; : FRAME STYLE SWITCHING POWER SUPPLIES

+ SLIPS OVER WIRE WRAP PINS o
« IDENTIFIES PIN NUMBERS ON WRAP :fi :: TRANSFORMERS PS-IBM $99.95 - "“-._-,g =

SIDE OF BOARD e T ol 126vaccT 2 AMP 5.95 S IBI PG T COMPATIHLE "
- CAN WRITE ON PLASTIC; SUCH ASIC # | ®F 12,6V AC CT 4 AMP 7.95
PINS PART#  PCK.OF PRICE|®= «~® B 1256V ACCT 8 AMP 10.95 * 130 WATTS PE R

8  IDWRAP 08 10 195 |@= <o| Ml 252V AC CT 2 AMP 7.95 « 45V @ 15A, +12V @ 4.2A

14 IDWRAP 14 10 195 (0= ~e -5V @ 5A, -12V @ .5A

:g :g‘x::: :g ‘{? :gg o= e « ONE YEAR WARRANTY

3o townarzo 5 1as (o2 7 =/ W95 PIN D-SUBGE===> W PS-130 $99.95

22 IDWRAP 22 5 185 |% &% = = AT

26 lpwnap 28 g 195 AR GENDER | A + SWITCH ON REAR

40  IDWRAP 40 5 195 ————— CHANGERS + FOR USE IN OTHER IBM

PLEASE ORDER BY NUMBER OF 1D WRAP 24 TYPE MACHINES

AY WARRANTY PS-130

$49.95

TO POWER APPLE TYPE

PS-SPL200 $49.95 psa
- *5V @25A, +12V @ 3.5A
s WATT RESISTORS Ve e s
5% CARBON FILM ALL STANDARD VALUES « ALUMINUM ENCLOSURE
FROM 1 OHM TO 10 MEG. OHM
10 PCS samevahe .05 100 PCS sarme vakae 02 PS-TDK $29.95
50 PCS samevake 025 1000 PCS same vaie 015 Ml To0 S oy 0 on

« 652" x7.4" x1.7", 1.6 LBS.
RESISTOR NETWORKS =
MONOLITHIC SIP 10 PIN 9 RESISTOR .69 « MANUFACTURED BY ASTEC
01 50v .14 . sov .18 SIP 8 PIN 7 RESISTOR .59 = a5
047, 50V .15 A7 50V 25 « +5V @ 6A, <12V @ 2A
£ 3 : DIP 16 PIN 8 RESISTOR  1.09 12V @ 154, 12V @ 24, B enisad
ELECTROLYTIC DIP 16 PIN 15 RESISTOR 1.09 + 50" x8.0" x 2.0, 1.6 LBS.
- RAI:IZI;\‘I‘;. o Ax;:\:'\} 1 DIP 14 PIN 7 RESISTOR .99
22 isvin Doophieey Sin D ts N0 RESEROR L NEW BOOKS BY MICROCOMPUTER
10 e A g0 STEVE CIARGIA HARDWARE HANDBOOK
100 168V :18 220 25v :3!} SPEcl“ls n“ B'Plss c“?lanuns BIULD YOUR OWN F.n“ Elco“? s“.ss
ggg ik ‘§3 ?Eﬂo ?23 -gg .01 ;f CERAMIC DISC 100/55.00 280 COMPUTER $19.95 OVER 800 PAGES OF DATA SHEETS
: y .01 uf MONOLITHIC 100/$10.00 [l CIRCUIT CELLARVOL1 31795 ON THE MOST COMMONLY USED
.70 2200 =
00 25V 1as 4700 1ev 125 ll 1 4f CERAMIC DISC 100/56.50 ll CIRCLTCELLARVOLZ 11255 I iutcr coon tise surront

IT CELLAR VOL 4 AND MUCH MORE!

IC MASTER $79.85

LITHIUM BATTERY

AS USED IN CLOCK CIRCUITS

3 VOLT BATTERY

WGAEEn [oovensions PETRRITON, T TEms | e o
WBU-D .38 x 6.50" 1 100

WBU-T 1.38 x 6.50" | 1 630
WBU-204-3 | 3.94 xB.45" | 1 100 2 1260 | 2
WBU-204 | 5.13x845" | 4 400 2 1260 | 3
WBU-206 | 6.88 x 9.06" 5 500 3 1830 | 4
WBU-208 | 8.25 x 9.45" 7 e e E e

WBU-208

53.95
51.49

THE INDUSTRY STANDARI

BATTERY HOLDER

HOURS: M-W-F, 9-5 TU-TH, 9-9
PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERI

TEAMS: Minimum order $10.00. For shipping and handling include $2.50 for

Ground and $3.50 for UPS Alr. Orders over 1 Ib. and foreign orders may req
additional shipping charges - please contact our sales department for the amount.
residents must include applicable sales tax. All merchandise is warranted for 90 d
unless otherwise stated. Prices are subject to change without notice. We are
responsible for typographical errors. We reserve the right to limi quantities
substitute manufacturer. All merchandise subject to prior sale,

% VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE
=z

O - ]

o

£ JDR Microdevices

é 1224 S. Bascom Avenue, San Jose, CA 95128

o 800-538-5000 » 800-662-6279 (CA) » (408) 995-5430

2 FAX (408) 275-8415 e Telex 171-110

& © Copyright 1985 JDR Microdevices
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PARTIAL LISTING ONLY — CALL FOR A FREE CATALOG

@al PRINTER BUFFERS

*REES COMPUTER FOR OTHER TASKS WHILE
PRINTING LONG DOCUMENTS.
STANDALONE DESIGN - WORKS WITH ANY
COMPUTER OR PRINTER.

ALL MODELS FEATURE PRINT PAUSE,
MEMORY CHECK AND

GRAPHICS CAPABILITY.

P120P PARALLEL $139.95
54K UPGRADABLE TO 256K

.ED INDICATOR SHOWS VOLUME OF DATA IN
BUFFER

P120S RS232 SERIAL $159.95
34K UPGRADABLE TO 256K

31X SELECTABLE BAUD RATES FROM

5008 — 19,2008

BaL 3-WAY SWITCH BONES

+ SERIAL OR PARALLEL

+ CONNECTS 3 PRINTERS TO 1
COMPUTER OR 3 COMPUTERS
TO 1 PRINTER

* ALL LINES SWITCHED

* HIGH QUALITY ROTARY SWITCH
MOUNTED ON PCB

* GOLD CONTACTS

* STURDY METAL ENCLOSURE

SWITCH-3P CENTRONICS PARALLEL 99.95
SWITCH-3S RS5232 SERIAL 99.95

P110 PARALLEL $249.95
34K UPGRADABLE TO 512K

3POOLS OUTPUT OF UP TO

THREE COMPUTERS

.ED BARGRAPH DISPLAYS AMOUNT

OF DATA IN BUFFER

TICKS

1ESET FUNCTION CLEARS DATA IN BUFFER
IEPEAT FUNCTION CAN PRODUCE MULTIPLE

JOY$S
PRINTER .

ZOPIES OF A DOCUMENT, CABLE | DISK DRIVE CABINETS
+ DB25TO 5% DRIVE ENCLOSURES
CENTRONICS CAB-APPLE  APPLE TYPE DRIVE CABINET §24.95
+ SHIELDED WITHOUT POWER SUPPLY
‘ CABLE CAB-1FH5 FULL HEIGHT 5% BEIGE DRIVE CABINET $69.95
: WITH POWER SUPPLY
= CAB-25V5 DUAL SLIMLINE 54" CABINET $49.95

SP120 SP110

CAB-25V8

DISKETTES DISKETTE FILE

CAB-2FH8

NASHUA 54" a 95
MD2D DS/DD SOFT SECTOR $9.90 ™
MD2F DS/QUAD SOFT SECTOR $34.95
MD2H DS/HIGH DENSITY FOR AT $49.95

NASHUA 8" [/

FD1 SS/DD SOFT SECTOR $27.95
FD2D DS/DD SOFT SECTOR $34.95

NASHUA 3.5” HOLDS 70 5% DISKETTES CAB-1FH5
3.55S 3.5 $5/DD FOR MACINTOSH $32.95

VERBATIM 54" IBM STYLE COMPUTER CASE

MD1D SS/DD SOFT SECTOR $23.95 ATTRACTIVE STEEL CASE, WITH HINGED LID, FITS
MD2D DS/DD SOFT SECTOR $29.95 POPULAR PC/XT COMPATIBLE MOTHER-BOARDS.

MD110D $5/DD 10 SECTOR HARD

NASHUA DISKETTE SPECIALS
5" SOFT SECTOR
DS/DD WITH HUB RINGS

$9.90 89¢ea  79Cea
BOX OF 10 BULK QTY 50 BULK QTY 250

SHUA DISKETTES WERE JUDGED TO HAVE THE HIGHEST
LISH AND RECORDED AMPLITUDE OF ANY DISKETTES
TESTED, SEE "COMPARING FLOPPY DISKS", BYTE §-84.

+* SWITCH CUT-OUT ON SIDE FOR PC/XT STYLE
POWER SUPPLY

+ CUT-OUT FOR 8 EXPANSION SLOTS

+ ALL HARDWARE INCLUDED

(TENDER CARDS

iy 1BM

POWER STRIPS

« UL APPROVED
« 15A CIRCUIT BREAKER

$12.95

KEYBOARD-AP

« REPLACEMENT FOR
APPLE Il KEYBOARD

= CAPS LOCK KEY

+ AUTO-REPEAT

+« ONE KEY ENTRY OF
BASIC OR
CP/M COMMANDS

$49.95

I-PC 545.00
I-AT $68.00
LE N 545.00
'LE lle 545.00
LTIBUS

20 MHz DUAL TRACE 35 MHz DUAL TRACE
OSCILLOSCOPE OSCILLOSCOPE

AND WIDTH - DC: TO20 MHz (-3db) +* BAND WIDTH - DC: TO 35MHz (-3db)

AC: 10 Hz TO 20MHZ (-3db) AC: 10 Hz TO 35MHZ (-3db)

VEEP TIME - .2 ySEC TO .5 SEC/DIV » SWEEP TIME - .1 4SEC TO .5 SEC/DIV
i 20 RANGES ON 21 RANGES
JMPLETE MANUAL AND HIGH QUALITY + DELAYED TRIGGER - 100 mSEC TO 1 ySEC WITH
JOK-ON PROBES INCLUDED INTENSIFIED AND DELAYED MODES

PUT IMPEDANCE: 1 MEG OHM « COMPLETE MANUAL AND 1X-10X COMPENSATED
" VIDEO SYNC FILTER HOOK-ON PROBES INCLUDED

Y AND Z AXIS OPERATION * VARIABLE HOLD OFF FOR

0/220 VOLT OPERATION VIEWING COMPLEX WAVES

JMPONENT TESTER + TV VIDEO SYNC FILTER

CONSUMPTION - 13 WATTS + TRIGGERING OF CH-A, CH-B, ALTERNATING,
JILT-IN CALIBRATOR LINE OR EXTERNAL

JTOMATIC OR TRIGGERED TIMEBASE = X-¥ AND Z AXIS OPERATION

FD-55B v HeigHT t:ls-E:ﬁc $89.95
FD-55F v neigHT Ds/auap $99.95

SHUGART
SA460s5% soTRACK DS/auaD $199.95

MPI-B52 5. {Fcnll\:nmas.'nu $89.95

SIEMENS 8” DISK DRIVES
FD100-8 ss/oosasotreauv.  $119.00
FD200-8 ps/posassireauv. $159.00

JFORMAT-2 SOFTWARE $49.95 TANDON TM100-2
SUPPORT FOR QUAD DENSITY DRIVES FROM TALL TREE SYSTEMS

WITH POWER SUPPLY - VERTICAL MOUNT

8 INCH DRIVE ENCLOSURES BY

DUAL SLIMLINE 8" DRIVE CABINET $209.95
WITH POWER SUPPLY - VERTICAL MOUNT

DUAL FULL HEIGHT 8" DRIVE CABINET $219.95
WITH POWER SUPPLY - HORIZONTAL

$549

A AR R e

*

DKM-2000 $79.85

= FULLY IBM COMPATIBLE

« 83 KEY WITH CAPACI-
TANCE TYPE SWITCHES

« LED STATUS INDICATORS
FOR CAPS, NUMBER LOCK

+ AUDIBLE CLICK

KB-5151 $98.95

« ENHANCED IBM
COMPATIBLE

+ SEPARATE CURSOR AND
NUMERIC KEYPADS

« CAPS LOCK & NUMBER
LOCK INDICATORS

+ IMPROVED KEYBOARD LAYOUT

FOR APPLE MOTHER-BOARD MODEL KB-1000

+ USER DEFINED
FUNCTION KEYS

+ NUMERIC KEYPAD WITH
CURSOR CONTROL

+ CAPS LOCK

+ AUTO-REPEAT oy
|
ONLY $79.95 e

HIGH QUALITY TEST EQUIPMENT FROM JDR INSTRUMENTS

FLOPPY DISK DRIVES

TAND
TM100-2 5" (For IBM:g)sl}IDD $99.95 e
e

CAB-25V5 CAB-2FH8

IBM COMPATIBLE KEYBOARDS

GASE WITH KEYBOARD

DIGITAL MULTIMETER PEN
MODEL DPM-1000

AUTO RANGING, POLARITY AND DECIMAL!

LARGE 3.5 DISPLAY

DATA HOLD SWITCH FREEZES READING

FAST, AUDIBLE CONTINUITY TEST

LOW BATTERY INDICATOR

OVERLOAD PROTECTION

ONLY 1% x 6% x %"

DC VOLTS 1mV-500V

AC VOLTS 1mV-500V

1 OHM - 2 MEG OHM

WEIGHS ONLY 2.3 OUNCES

LOW PARTS COUNT-CUSTOM 80 PIN LSl INSURES
RELIABILITY

INCLUDES MANUAL, BATTERIES, HARD CASE, AND
ALLIGATOR CLIP

CALL FOR VOLUME QUOTES © COPYRIGHT 1985 JDR MICRODEVICES
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RADIO-ELECTRONICS
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# JDR Microdevices wosss«-

IBM COMPATIBLE INTERFACE CARDS
ALL WITH A ONE YEAR WARRANTY

MULTIFUNCTION CARD $129.95

ALL THE FEATURES OF AST'S 6 PACK PLUS AT HALF THE PRICE
e « CLOCK/CALENDAR
- + 0-384K RAM
+ SERIAL PORT
« PARALLEL PORT
« GAME PORT
« SOFTWARE INCLUDED

64K RAM UPGRADE 9/$6.21
COLOR GRAPHICS ADAPTOR $99.95

FULLY COMPATIBLE WITH IBM COLOR CARD

+ 4 VIDEO INTERFACES: RGB,
COMPOSITE COLOR, HI-RES
COMPOSITE MONOCHROME,
CONNECTOR FOR RF MODULATOR

* COLOR GRAPHICS MODE: 320 x 200

* MONO GRAPHICS MODE: 640 x 200

« LIGHT PEN INTERFACE

MONOCHROME GRAPHICS CARD $129.95

FULLY COMPATIBLE WITH IBM MONOCHROME ADAPTOR AND
HERCULES GRAPHICS CARD

PRINTER CABLE $9.95

* LOTUS COMPATIBLE

* TEXT MODE: 80 x 25

* GRAPHICS MODE: 720 x 348

« PARALLEL PRINTER INTERFACE

« OPTIONAL SERIAL PORT 519.95

FLOPPY DISK DRIVE ADAPTOR $59.95

« INTERFACES UPTO FOUR STANDARD
FDDs TO IBM PC OR COMPATIBLES

+ INCLUDES CABLE FOR TWO
INTERNAL DRIVES

1200 BAUD INTERNAL MODEM FOR IBM
INCLUDES PC TALK 11l COMMUNICATIONS SOFTWARE
- . = e « HAYES COMPATIBLE
« AUTO DIALSAUTO ANSWER
= AUTO RE-DIAL ON BUSY
= INCLUDES SERIAL PORT!
« ONE YEAR WARRANTY

EASYDATA-12B  §195

30!] Bllln MIJUEM FOR APPLE OR IBM
SFE{E:Igt" aﬁ”fr
NOW ONLY 4%

INCLUDES ASCII PRO-EZ SOFTWARE (A $100 VAI_UE IN ITSELF)
+ FCC APPROVED « AUTO DIAL/AUTO ANSWER

+ BELL SYSTEMS 103 COMPATIBLE « DIRECT CONNECT
+ INCLUDES AC ADAPTOR
$14.95

CABLE FOR APPLE lic

160 CPS
PRINTER
MODEL
PW-1080A

199 95 Printed in Draft mode
[ ] or Proportional and NLQ

* VERY HIGH SPEED PRINTING (160 CPS) « 2K PRINT BUFFER

» EPSON/IBM COMPATIBLE CONTROL + DOWNLOADING FONT BUFFER

* 11 x 3 DOT DRAFT MODE CHARACTERS + FAN FOLD, CUT SHEET OR ROLL PAPER
+ 23 x 18 DOTS IN NEAR LETTER QUALITY + SOLID "BUSINESS” MACHINE

1224 South Bascom Avenue, San Jose, CA 95128
800-662-6279 (CA) » (408) 995-5430 * FAX (408) 275-8415 * Telex 171-110

UNBELIEVABLE MONITOR DEALS

RGB VISION 11l

MODEL 415
MADE FOR TAXAN BY ACORN
* 640 x 262 PIXEL RESOLUTION
+ 16 COLORS
* 18 MHz BANDWIDTH
* 12" BLACK MATRIX
* IBM AND LOTUS COMPATIBLE

CABLE FOR IBM §15.95

GCOMPOSITE GOLOR

= TOP RATED FOR APPLE
= 13" COMPOSITE VIDEQ
= RESOLUTION: 280H x 300V
* INTERNAL AUDIO AMPLIFIER «
*« ONE YEAR WARRANTY

SAKATA SAMWO00

MODEL DM-2168

= PERFECT COSMETIC MATCH
FOR IBM PC

« IBM COMPATIBLE TTL INPUT

12" NON-GLARE SCREEN

« P39 GREEN PHOSPHOR

+ HI-RES 22 MHz BAND WIDTH

MODEL SC-100

$289.95 $169.95 $99.95

MONITOR STAND

TILTS AND SWIVELS

APPLE COMPATIBLE
INTERFAGE CARDS

EPROM PROGRAMMER $59.95

« DUPLICATE OR BURN ANY
STANDARD 27xx SERIES EPROM

« EASY TO USE MENU-DRIVEN
SOFTWARE INCLUDED

* MENU SELECTION FOR 2716, 2732,
2732A, 2764 & 27128

+ HIGH SPEED WRITE ALGORITHM

+ LED INDICATORS FOR ACTIVITY

+ NO EXTERNAL POWER SUPPLY
REQUIRED

« ONE YEAR WARRANTY

16K ll“ﬂllll] $39.85

+ FULL TWO YEAR WARRANTY

« EXPAND YOUR 48K APPLE TO 64K

+ USE IN PLACE OF AFPLE
LANGUAGE CARD

BARE PC CARD W/ INSTRUCTIONS  $9.85

IC TEST CARD $99.95

+ QUICKLY TESTS MANY COMMON
C

ICs
« DISPLAYS PASS OR FAIL
+ ONE YEAR WARRANTY
« TESTS: 4000 SERIES CMOS
74HC SERIES CMOS
7400; 74LS5, 74L, 74H, 745,
SOME PROMS AND RAMS

GOMRENX CR-1000 DUAL SLIMLINE DISK DRIVE
FOR APPLE COMPUTERS

SPACE SAVING DESIGN

DISK DRIVES
FOR APPLE COMPUTERS

BAL-525
$99.95

* Yz HEIGHT-ALPS MECHANISM
* 100% APPLE COMPATIBLE
+ FULL 1 YEAR WARRANTY

BAL-500
$129.95

« TEAC MECHANISM- DIRECT DRIVE
+ 100% APPLE COMPATIBLE
« FULL1 YEAR WARRANTY

P-135
129.95

+ FULL HT. SHUGART MECHANISM

« DIRECT REPLACEMENT FOR APPLE
DISK Il

= SIX MONTH WARRANTY

FOR
APPLE lic

milsc
u
$139.95

+ 100% APPLE lic COMPATIBLE,

READY TO PLUG IN W/ SHIELDED

CABLE & MOLDED 19 PIN CONNECTOR
« FAST, RELIABLE SLIMLINE

DIRECT DRIVE
* SIX MONTH WARRANTY

FOR
MACINTOSH
- MAG535
) $249.95

+ 3.5” ADD-ON DISK DRIVE

+ 100% MACINTOSH COMPATIBLE

« SINGLE SIDED 400K BYTE STORAGE

+ HIGH RELIABILITY DRIVE FEATURES
AUTO-EJECT MECHANISM

= FULL ONE YEAR WARRANTY

DISK DRIVE ACCESSORIES

DISK CONTROLLER CARD
APPLE lic ADAPTOR CABLE
ADAPTS STANDARD APPLE DRIVES
FOR USE WITH APPLE lic

$199.95

CLOSE-OUT SPECIAL

$49.95
5$19.95

ALL MERCHANDISE 100% GUARANTEED

FD-55B Dps/DD

89.95
FD-55F Ds/auap

99.95

STACK BETWEEN COMPUTER AND MONITOR

= QUIET, RELIABLE ': HEIGHT DRIVES

= TOTAL STORAGE CAPACITY: 286K BYTES
* AUTO-EJECT MECHANISM

* SHIELDED CABLE INCLUDED

INCLUDES CONTROLLER AND DOS 3.3 WITH DISK UTILITIES

WHILE SUPPLY LASTS

© COPYRIGHT 1985 JOR MICRODEVICES
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\Nhat's New at

AMERICAN DESIGN COMPONENTS?

““The Source’’ of the

electro-mechanical components
for the hobbyist.

W e warehouse 60,000
items 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 — either brand new, or
removed from equipment (RFE)
in excellent condition. But
quantities are limited. Order
from this ad, or visit our retail
showroom and find exactly what
you need from the thousands of
items on display.

Open Mon. — Sat.. 9-5

THERE’S NO RISK.

Witt cnae tall 90

iy warranty

A b returned for

rechit or retund

19" COLOR
X-Y DISPLAY

>
Originally designed for use in Atari coin-
operated games. Contains 3-gun color
tube, focus and brightness controls. Re-
quires external X-Y inputs, 250-0-24V
transformer for power. May be used for
oscilloscopes, reprogrammed for game
use, or modified with the use of extern-
al vertical and horizontal oscillators to a
rastor scan display or TV monitor for
computer use. (IBM compatible.) Trans-
former supplied.

ltem #5449

$129.00 New

5% " DISK DRIVE
¥ HT; 96 T.P.L

Tandon TM55-4 DS/Quad

COMPUTER
TAPE DRIVE (For Adam)

/-

Serial format. Search BOIPS
Read/ Write 20IPS. 12V motor,
5V logic, 8 & 9 pin connector
cables. Originally designed for
the Adam.

ASCII
75-KEY KEYBOARD
For Adam —

I PI'I_TIIIJJJ_
%t_i 1||'|||J

21 user-defined keys.

7-pin connection

ASCII 8-bit serial output,
Originally designed for the Adam.

75-KEY MECHANICAL
KEYBOARD — For Adam

I
.Illiiliilllll_l

LT

For computer upgrade . . .

21 user-defined keys, SPST me-
chanical switches, 21-pin ribbon
cable connection. General instruc
tions for replacement of membrane
keyboards incl. Update computers
such as the Timex Sinclair Z81/1000

POWER SUPPLY

m-yn’w

POWER SUPPLY

Input: 115/230VAC, 50/60Hz

Logic board for the Adam com-
puter. Includes the following

ltem #1904 $79.50 | Dim: 5"W x 3% “H x 4" deep | Dim.: 15"W x 2% "H % 6% " D | Dim.: 13% "W x 1% "Hx 5"D
21or $150.00 | item #6641 $9.95 new | item #6643 $19.95 New item #6643M . $9.95 New
LINEAR DISK DRIVE |SWITCHING . of the ‘ADAM’ | COMPUTER & GAME

CONTROLLERS
(Set of 4)
— For Adam

12-digit keyboard
and joystick.
Originally used in
computer and

115 VAC/60 Hz,, 21W., 284,

3100 RPM; 5-blade model, alu-

minum housing. Can be mounted

for blowing or exhaust.

Dim.: 4"%¢"sq. = 1% “deep.
item #6345 $7.95 AFe

With adjustable

speed control

$10.95

ROBOTICS KIT
(Springs, Belts, Pulleys & Gears)
Consists of:

9 Timing Belts (7.5" to 13")

2 Boung Belts (12" 10 157}
15 Nylon & Plastic

Spur & Drive Gears

22 Torsion Springs

6 Compression Pulleys
19 Tension Springs

ltem #5306 $14.95 New

TIMERS

160 CFM
CENTRIFUGAL
BLOWER

TOY MOTOR KIT — For Robotics

Consists of:
18 asst. toy motors, from 1.5V to 12VDC.

item #7229 $9.95 New

115VAC/60Hz.,

2.2 amps.,
3000 RPM. Flange mount

Outlet: 3% x 3%";

SWITCH KIT
35 Ass't. Switches
Consisting of 35 assorted: Dip, Toggle,
Slide, and Sensitive Miniature and Standard
Size Switches

item #5307 $9.95 New

Inlet: 4% ~ dia.
Dim.: 8% “H X6, "W x 8D
Mfr — Fasco 50755 or equiv.

PUMPS COMPRESSORS BLOWERS

FANS

28VAC & 6-12VDC

Low noise level, Can be mounted
for cooling or exhaust.

Dim.: 3% " sq. x 1% " deep
12VDC — Papst #8312

em #7017 $12.95 New
2BVAC — IMC Peewee”

Item #7018 $7.95 New

Originally designed for the
Gavalin computer,

* Centronics interface

* BO column width

* Friction drive {schematic incl.)

item #5223 $19.95 New

RELAYS VOLTAGE REGULATORS POWE

Rechargeable
(Sealed)
GEL-CELL
BATTERY
12V @ 1.9AH

For use with model cars,
trains, boats, planes, etc.
Dim.: 7°Lx 2% *H x 1%"D
Mfr — Power-sonic #PS1219

Rechargeable NICAD
BATTERY BACKUPS

12v Lo
@ ~
450 ma X

Contains 10 AA cells. Recharge
rate: 45 ma. 16-18 hours. Case
with tab output connections.
Dim.: 2% Hx 134 "W 218, "L
Mfr — GE 123233 or equiv.
iem #5443  $5.95 fre

13.2v & s
2V 1
1.65 AH
Contains 11 C cells. For model
boats, toys, etc.
Mir — GE #41B0O35BB00101

DC Qutput: -5V @ 200 ma. q games. Includes
+5V @ 3 amps OQutput: 12VDC @ .17 amps EU:;‘_JT;?;S;‘SI 7418157, coil cord with
+12V @ 2.9 amps +24VDC @ 2.2 amps 74LS541, LS273N 9-pin connector.
+18V (inductivel @ 1 amp f +5VDC @ 3 amps 2 ea. LM339s, plus micro Can also be used with Atari.

Input: 115V/60 Hz. Dim.: 7%" x 6%~ pracessors with ROMs Dim.: 6% "L x 2% "W x 2% "H
Chassis Dim: 11*"Wx4"Hx 87D | Mfr — Astec #AA11101 Mfr — Coleco 2 Mifr — Coleco #78002
item #6642 $14.95 new |item #5353 $19.95 New | ttem #7231 $9.95 e | em #7013 $9.95 new
115 CFM MUFFIN 30 CFM PRINTER PLUG-IN
FAN z MINI MECHANISM POWER SUPPLY

OUTPUT:

+5 VDC, .9A

-5 VDC, 1A
+12VDC, .3A
INPUT: 120 VAC/60 Hz., .25A
Mfr — Coleco #55416

item #1882  $6.95 New

MOTORS POTENTIOMETERS COUNTERS
R SUPPLIES

TELEPHONE

.f"’"

i ]'\.L‘{.q.\\_' i

Originally designed to mount on
TeleVideo computer, and plug into
modem. May be used as a standard
phone. Touch-tone, mute button,
pulse, redial button, with 127 cord;
lvory. Comes with mounting bracket,

RELAY KIT

15 Ass’t. Relays

Consisting of 15 asst’'d. AC & DC Relays,
5V, 12V, 24V, & 115V. All types.

item #5308 $9.95 new

|IC SOCKET KIT
100 Ass’t. Sockets
Consisting of 100 assorted IC sockets.
From 14 to 40 Pin.
item #5309 $9.95 New

COMPONENTS PARTS KIT
Hundreds of components!
Consisting of Heat Sinks, Capacitor, Trim-
pots, Resistors, and MORE!

item #7230 $15.00 New

ORDER TOTAL

lem #5152 $10.95 AFE | item #7021 $9.95 New | item #5434 $15.95 New | item #7232 $9.95 new
AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074  MINIMUM
YES! Please send me the following items: ] My check or money order is enclosed. ORDE;l
Item How ! Charge my credit card. #15.
No. Many? Dascription _Price Total 1 Visa [ Master Card [ Amex RE-26
= —. Card No. ey
— e e — Exp. Date ; L .
= Signature
== ~ ||  Telephone: AreaCode  Number s
Total Name
Shipping & handiing, we ship UPS unless = e —=
otherwise specified. Add $3 plus 10% total. Address h D BT
Canadian: $3 plus P.O. cost. Charge only
Sales Tax (N.J. residents only, City i, A .
please add 6% of total) | State Zip

Al inguiries and r’!ee catalog recruesfs call 2071- 939 2??0

9861 AHVYNYE34

L]
=J



RADIO-ELECTRONICS

=y
L

SP:& R,I N Electronics Inc.

The Communication and Electronic Source

(516) 499-9500

6094 Jericho Tpke.
Commack, N.Y. 11725

GENERAL INSTRUMENT
58 Channel Remote Controller

~
098

LCC-58

o On/off fine tune
® Wirgless
® Installs in minutes

HAYES Smartmodem 1200

® Full or Half Duplex

® 300 BPS or up to 1200 BPS
operation

® Auto Answer and Auto Dial

e Connects directly to tele-

$395 z 95 phone lines

CARROL TOUCH 232LT Line Tester

® 24 line accessibilit

® True Tri-stale monitoring

L] Huai cinlur Led's tr;d. green)

* No battery requires

® Complete Accessories: s-‘ 5995
Durable case, reference card, 2 “Y" jumper cables, &
straight jumper cables, 10° male to female RS232C exten-
sion cable, and an operator’s manual

NEW 12" DIAGONAL MONITOR

L] gnnochmmgdmspiay Green
o Composite video
o 80 characters & 25 lines $3295
® 700 line resolution at center ~ Amber
® Non-glare CAT 39795
e
5 PHILIPS REMOTE

1 Si25.00 CMBLE CONVERTER

o Micro computer technlogy  Ouartz controlled ICs lack in picture &
prevent drilt ® 60 channel selection e Programmable time on &
off » 24 hour LED digitai clock » Favorite channel memory & recall plus
scan o Wireless hand held “infra-red” transmitter system ® Automatic
fine tune & Adaptabie to any brand tebevision » One year warranty ser-
wice

RS232 TRANSMISSION LINE TESTER

Features: *Male lo Female connector for
easy insertion into RS232 Line *Test 7
Lines (TD, RD, RTS, CIS, DSR, CO, DTR)
using LED's lo indicate status of each
“Directly powered by RS232 Line no AC
power needed

WELLER Temperature Controlled
Soldering Station e
. gggl}r:ol Ranges 600F. TO0F,

® Change temperature by T
simply changing the heat
sensing tij

® Safe for IC Soldering

e Storage Tray for extra tips and tip
cleaning sponge with receptacle

® Comes with " screwdriver tip T00 F,

o 3 wire 4.5' long cord

$99.95

SGL WABER DATAGARD
Spike & Noise Suppressor
g Datagard DG115S provides a

% single- ike fi

-, gle-stage spike filter and a
S

\‘-H.W

single-stage noise filter to
protect against moderate and
PROTECT YOUR COM-
PUTER WITH DATAGARD

catastrophic spikes and
virtually all unwanted noise
Intereference coming through
the wall outlet

Dealers Welcome

MGV A

(516) 499-9500
TELEX: 551427 SPARTAN

Store Hours: Mon-Fri 9-6
Sal. 9:30-5

CIRCLE 75 ON FREE INFORMATION CARD
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RADIO-ELECTRONICS does not assume any responsibility for errors that may appear
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268 ALLS. Satellite. 22
108 AMC Sales. ... ... - 102
76 APProducts- .. ... ... ........, 35
— Ad Mart . 32
— Advanced Electronics 17
106 Advanced Computer Products. 125
107 All Electronics. 129
72 Amazing Devices 120
— American Design Components 137
77 B&K Precision ...... ... .. i3
283,98  Beckman Industrial. 4.25
265 C&S5Sales ..., .. 14
— C.OM.B. . 29
— CIE. I8
269,270 Cameo Enterprises . 23,40
— Command Productions. .. . .. 102
79 Communications Electronics i
277 Copper Electronics . .. ... .. 26
127 Deco Industries 22,23
259 Deltax Dynamic. 23
95 Dick Smith Electronies .. .. ... .. 42,43
— Diehl Engineering 64-67
— Diehl Engineering . 105-107
82 Digi-Key . ... 2127
— Digital Research Computers 130
57 Rhgitron = e 130
272 East Coast Transistor Parts . .. 116
278 Electronic Salvage Parts. . g
120 Elephant Electronics orra A
279 Emco 23
111,260 Etronix ....... .. 95,109
100 Firestik 11. . .. 113
266 Fluke Manufacturing .. ... ....... . .. 7.
— Fordham Radio .. CV4,13
271 Grace Industries 22
— Grantham College of Engineering . .. Y3
— Halix Institute 104
86 HEath o o wirie v e oo ko a i e s 44
— ICS Computer Training 40
65 J&W o 126
261 JDR Instruments ... ... 15
282 JDR Microdevices 131
281. 113 JDR Microdevices 132-133
251 262 JDR Microdevices 134-135
263 JDR Microdevices 136
114 Jameco 122.123
124 James Walter Satellite Rec, 23
104 Jan Crystals 102
—_— Joseph Electronics co. .45
87 MCM Electronics .. .. .. 121
105 L L e i | 116
253 Mark V. Electronics 128
—_ McGraw Hill Book Club. ... ... . 47,101
273 Micro-Mart . . 118
71 Morning Distributing . . 23

117

255 RAG Electronics.

OK Industries
Omnitron. . .

Pacilic Cable', | i avvo weosiminess

Pacific One.

Phoenix Institute of Technology

Pomona Electronics. . ... .. e

Print Products International . . .
Projector Recorder Belt , ..., ...,

A0 S I i S e et
Ramsey . . . ..
REPeNCY. s Gt ertbealts B tamatals
Saratoga Electronies. .. .. ..

Saucer City

Solid State Sales ... ..

Spartan Electronics .. ...... ...,
Tektronix . .
Trio-Kenwood
U.5. Instrument Rentals .
Wavetek

Wm B. Allen .

7
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Gernshack Publications, Inc.
200 Park Ave. South

New York, NY 10003

(212) 777-6400

President: Larry Steckler

Vice President: Cathy Steckler

ADVERTISING SALES 212-777-6400

Larry Steckler
publisher
Arline Fishman
advertising coordinator
Shelli Weinman
advertising associate
Lisa Strassman
credit manager
Donna Sala
credit associate
Naomi Matten
advertising assistant

SALES OFFICES

EAST/SOUTHEAST

Stanley Levitan

Eastern Sales Manager
Radio-Electronics

200 Park Ave. South

New York, NY 10003
718-428-6037, 212-777-6400

MIDWEST/Texas/Arkansas/Okla.
Ralph Bergen

Midwest Sales Manager
Radio-Electronics

540 Frontage Road—Suite 339
Northfield, IL 60093
112-446-1444

PACIFIC COAST/ Mountain States
Marvin Green

Pacific Sales Manager
Radio-Electronics

15335 Morrison St.—Suite 227
Sherman Oaks, CA 91403
818-986-2001



What Pomona knows about banana
plugs and adapters would filla book.

For over 30 years the Pomona Electronics 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 some 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
2767, Pomona, California 91769.

Our products are available
through your favorite electronics
parts distributor.

Pomona Electronics

CIRCLE 101 ON FREE INFORMATION CARD




Model DCM-602 Model DVM-634 Model DVM-638

$6995 | $487° $7995

7 functions, 32 ranges.

« Protected from charged.capacitors
« Frequency range - 800 Hz to 8 Hz

Model DVM-636

$6275

32 Digit Capacitance Meter Transistor measurement | functions, 38 ranges. 8 functions, 37 ranges.

8 ranges with full scale values to 2000 UF | included. L’Lcé?ggsw'gg;? é‘éﬁ:nct"i’l‘ec‘o’- Capacitance measurement
PrATURESeBIoAcle prango. ipnit capacitance and condgélance ihcloded

2000 uF e LS circuit provides high S ! skl oot

reliability and durability  Lower power 32 Digit Multimeters I

consumption e Crystal time base FEATURES « DC Voltage 100 uV - 1000 V « AC Voltage 100 uV - 750 V « AC/DC Current

200 uA - 10 Amps e Resistance 20 Megohms  Capacitance (DVM 636/638) 1pF - 20 uF
« Overload Protection e Auto-decimal LCD readout e Polarity indication « 3000 hour

7 % battery life with 9V transistor battery » Low battery indication
ASK FOR FREE CATALOG. Ry Service & Shipping Charge Schedule
Money orders, checks accepted. C.0.D.’s require 25% deposit. m ) l = j Continental US.A

FOR ORDERS ADD
$25-5100 5450
$101-5250 $600
Toll Free 5;5:-200 3 $800
$501-750 $1050
$751-1.000 s1250
or - a m 800-645-9518 | .=
il i

260 Motor Parkway, Hauppauge, NY 11788 In NY State 800-832-1446 il =




